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(54) TEMPERATURE MEASURING DEVICE AND TEMPERATURE MEASURING MECHANISM

(57) A temperature measuring device includes an
electrical temperature measuring instrument configured
to measure the temperature of a temperature sensitive
section electrically; a heat transfer part formed of an elas-
tomer embedded in the temperature sensitive section;
and a heat insulation part formed of an elastomer cover-

ing a single surface of the heat transfer part. The heat
transfer part has a thermal conductivity that is greater
than a thermal conductivity of the heat insulation part. A
mounting section is formed at the heat insulation part,
and is to be mounted at a mounting location.
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Description

TECHNICAL FIELD

[0001] The present invention relates to temperature
measuring devices and to temperature measuring ar-
rangements.

BACKGROUND ART

[0002] Patent Documents 1 and 2 disclose techniques
for measuring the temperature of a battery mounted in
an automotive vehicle.

Patent Documents

[0003]

Patent Document 1: JP-A-2010-54270
Patent Document 2: JP-A-2010-190788

SUMMARY OF THE INVENTION

[0004] There is a growing demand for accurate and
rapid measurement of temperatures of objects for which
temperatures are to be measured. In addition, for a par-
ticular object for which temperature is to be measured,
such as a battery, in which flow of electricity from the
outside should be avoided, it may be important to meas-
ure the temperature of the object without any electricity
flow during the temperature measurement. Furthermore,
it may be desirable for the temperature sensing section
of the temperature measuring device not to apply a large
contact pressure on the object for which the temperature
is to be measured. However, when there is a large dis-
tance between the object for which the temperature is to
be measured and the temperature sensitive section, it is
difficult to measure the temperature accurately and
quickly.
[0005] Accordingly, the present invention provides
temperature measuring devices and temperature meas-
uring arrangements that can accurately and quickly
measure the temperature of an object for which the tem-
perature is to be measured, can reduce the probability
of flow of electricity in the object for which the temperature
is to be measured, and can measure the temperature
with a small amount of contact pressure applied to the
object for which the temperature is to be measured.
[0006] A temperature measuring device according to
an aspect of the present invention includes: an electrical
temperature measuring instrument including a tempera-
ture sensitive section, and configured to measure a tem-
perature of the temperature sensitive section electrically;
a heat transfer part formed of an elastomer in which the
temperature sensitive section is embedded; and a heat
insulation part formed of an elastomer covering a single
surface of the heat transfer part, the heat transfer part
having a thermal conductivity that is greater than a ther-

mal conductivity of the heat insulation part, a mounting
section being formed at the heat insulation part, the
mounting section being to be mounted at a mounting lo-
cation.
[0007] In this aspect, the heat transfer part having a
high thermal conductivity allows heat to be conducted
well from the object for which the temperature is to be
measured to the temperature sensitive section, whereas
the heat is difficult to dissipate by thermal conduction
from the heat transfer part by means of the heat insulation
part covering a single side of the heat transfer part. There-
fore, it is possible to accurately and quickly measure the
temperature of the object for which the temperature is to
be measured. In addition, since the temperature sensitive
section is embedded in the heat transfer part, electrical
contact can be avoided between the object for which the
temperature is to be measured and the temperature sen-
sitive section. Therefore, it is possible to reduce the prob-
ability of the flow of electricity from the electrical temper-
ature measuring instrument to an object for which the
temperature is to be measured for which inflow of elec-
tricity from outside should be avoided, such as a battery.
Furthermore, since the heat insulation part and the heat
transfer part are formed of elastomeric materials, the con-
tact pressure on the object of which the temperature is
to be measured is small even if the heat transfer part is
in contact with the object of which the temperature is to
be measured. Furthermore, since the heat insulation part
is formed of an elastomer material with a high elasticity,
it is easy to mount the mounting section formed at the
heat insulation part on the mounting location.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a cross-sectional view of a temperature
measurement device according to an embodiment
of the present invention and a battery unit in which
the temperature measurement device is used;
Fig. 2 is an enlarged cross-sectional view of the tem-
perature measurement device of Fig. 1;
Fig. 3 is a plan view of the temperature measuring
device of Fig. 1;
Fig. 4 is a cross-sectional view of a temperature
measurement device according to a comparative ex-
ample and a battery unit in which the temperature
measurement device is used; and
Fig. 5 is a graph showing the temperature measure-
ment performance of the temperature measurement
device according to the embodiment and the tem-
perature measurement device according to the com-
parative example.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, with reference to the accompany-
ing drawings, an embodiment according to the present
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invention will be explained.
[0010] As shown in Fig. 1, a temperature measurement
device 1 according to an embodiment of the present in-
vention is used for measuring the temperature of a battery
3 (the object for which the temperature is to be measured)
of a battery unit 2 mounted in a automotive vehicle (for
example, an electric vehicle or a hybrid vehicle). The bat-
tery unit 2 includes the battery 3 and a metal case 4 con-
taining the battery 3. The battery 3 is, for example, a
secondary battery, and is, for example, a laminate type
lithium ion battery. In the following description, the com-
bination of the temperature measurement device 1 and
the battery unit 2 may be referred to as a "temperature
measuring arrangement".
[0011] The case 4 of the battery unit 2 has a thin rec-
tangular parallelepiped shape. In the ceiling plate of the
case 4, a mounting hole (mounting location) 4a for de-
ploying the temperature measurement device 1 is
formed. The mounting hole 4a is a circular hole penetrat-
ing the ceiling plate and is closed by the temperature
measuring device 1.
[0012] The temperature measuring device 1 has an
electrical temperature measuring instrument 6 and an
elastic material portion 16, which covers the temperature
sensitive section 8 of the electrical temperature measur-
ing instrument 6. The electrical temperature measuring
instrument 6 may be a thermistor type thermometer, a
thermocouple type thermometer, a resistance tempera-
ture detector type thermometer, or a capacitance ther-
mometer.
[0013] As shown in Fig. 3, the electrical temperature
measuring instrument 6 includes the temperature sensi-
tive section 8, a plurality of wires 12 connected to the
temperature sensitive section 8, and a tape-shaped flex-
ible printed substrate 10, onto which the wires 12 are
fixed. The electrical temperature measuring instrument
6 electrically measures the temperature of the tempera-
ture sensitive section 8. The temperature sensitive sec-
tion 8 may be a thermistor, a thermocouple, a resistance
temperature detector, or a capacitor. The electrical tem-
perature measuring instrument 6 includes an electrical
circuit (not shown) for electrically measuring the temper-
ature of the temperature sensitive section 8, and the wires
12 are connected to the electrical circuit. The electric
circuit differs depending on the type of the electrical tem-
perature measuring instrument 6. The flexible print sub-
strate 10 is formed of, for example, a resin material such
as polyimide or polyamide.
[0014] As shown in Figs. 1 to 3, the elastic material
portion 16 includes a heat transfer part 18 made of an
elastomeric material and a heat insulation part 20 made
of an elastomeric material. Both the heat transfer part 18
and the heat insulation part 20 have circular outlines in
plan view and are arranged concentrically with each oth-
er. The heat transfer part 18 covers substantially the en-
tire temperature sensitive section 8. That is to say, the
temperature sensitive section 8 is embedded in the heat
transfer part 18. The heat insulation part 20 covers one

side of the heat transfer part 18 and surrounds the outer
periphery of the heat transfer part 18. The heat insulation
part 20 is directly joined to the heat transfer part 18.
[0015] Both the heat transfer part 18 and the heat in-
sulation part 20 are preferably formed of elastomeric ma-
terials having high electrical insulation. The resistivity of
the preferable materials is, for example, 0.1 teraohm me-
ters or more.
[0016] The thermal conductivity of the heat transfer
part 18 is greater than the thermal conductivity of the
heat insulation part 20. The preferable thermal conduc-
tivity of the heat transfer part 18 is 0.4 watts per meter-
kelvin or more.
[0017] A mounting section 22 is formed in the heat in-
sulation part 20, and can be mounted on the mounting
hole 4a of the case 4. The mounting section 22 of the
heat insulation part 20 is annular and surrounds the outer
periphery of the circular heat transfer part 18. The mount-
ing section 22 has a circumferential groove 24 formed at
the side surface of the heat insulation part 20. The edge
4b of the mounting hole 4a of the case 4 is fitted into the
circumferential groove 24.
[0018] At the center of the elastic material portion 16,
an overlap section 26 at which the heat transfer part 18
overlaps the heat insulation part 20 is provided. At the
outer end of the elastic material portion 16, the mounting
section 22 of the heat insulation part 20 is provided. The
thickness of the intermediate section 28 interposed be-
tween the overlap section 26 and the mounting section
22 is less than the thickness of the overlap section 26.
[0019] In this embodiment, in the overlap section 26,
the thickness of the heat insulation part 20 is reduced,
so that the overlap section 26 is reduced in weight and
size. However, in the overlap section 26, the thickness
of the heat insulation part 20 may be increased to improve
the heat insulating property.
[0020] An end portion 10a of the flexible printed sub-
strate 10 is embedded in the heat insulation part 20 and
the heat transfer part 18. The end portions of the wires
12 on the flexible printed substrate 10 are also embedded
in the heat insulation part 20 and the heat transfer part 18.
[0021] In this embodiment, the temperature sensitive
section 8 is fixed to a surface of the end portion 10a of
the flexible printed substrate 10 together with the end
portions of the wires 12, and the other surface of the end
portion 10a is exposed from the bottom of the heat trans-
fer part 18. However, the entirety of the end portion 10a
may be embedded in the heat transfer part 18. In addition,
the temperature sensitive section 8 does not have to be
fixed to the flexible printed substrate 10, and the entirety
of the temperature sensitive section 8 may be covered
with the heat transfer part 18.
[0022] As described above, in the temperature meas-
uring device 1 according to this embodiment, the heat
transfer part 18 made of an elastomeric material covers
the entire temperature sensitive section 8 of the electrical
temperature measuring instrument 6, whereas the heat
insulation part 20 made of an elastomeric material covers
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one side of the heat transfer section 18. The heat transfer
part 18 having a high thermal conductivity allows the heat
to be effectively conducted away from the battery (the
object for which the temperature is to be measured) 3 to
the temperature sensitive section 8, whereas the heat is
difficult to dissipate by thermal conduction from the heat
transfer part 18 by means of the heat insulation part 20
covering a single side of the heat transfer part 18. There-
fore, it is possible to accurately and quickly measure the
temperature of the object for which the temperature is to
be measured.
[0023] Furthermore, the temperature sensitive section
8 is embedded in the heat transfer part 18, and the end
portion 10a of the flexible printed substrate 10 is inter-
posed between the temperature sensitive section 8 and
the object of which the temperature is to be measured,
so that electrical contact can be avoided between the
object for which the temperature is to be measured and
the temperature sensitive section 8. Therefore, it is pos-
sible to reduce the probability of the flow of electricity
from the electrical temperature measuring instrument 6
to the object, such as the battery 3, for which the tem-
perature is to be measured, and for which inflow of elec-
tricity from the outside should be avoided.
[0024] Furthermore, since the heat insulation part 20
and the heat transfer part 18 are formed of elastomeric
materials, even if the heat transfer part 18 is in contact
with the object for which the temperature is to be meas-
ured, the contact pressure is small on the object for which
the temperature is to be measured. The laminate type
lithium ion battery is composed of thin parts, and it is
desirable not to apply a large force to the battery in order
to avoid damage to thin parts and performance degra-
dation. However, it is difficult to accurately and quickly
measure the temperature of the object for which the tem-
perature is to be measured if the electrical temperature
measuring instrument 6 is separated from the object for
which the temperature is to be measured to avoid dam-
age and performance degradation of the object for which
the temperature is to be measured. In this embodiment,
even if the heat transfer part 18 is in contact with the
object for which the temperature is to be measured, the
contact pressure is small on the object for which the tem-
perature is to be measured. Therefore, the temperature
of the object for which the temperature is to be measured
can be measured accurately and quickly with the heat
transfer part 18 being in contact with the object for which
the temperature is to be measured.
[0025] Furthermore, since the heat insulation part 20
is formed of an elastomer material with a high elasticity,
it is easy to attach the mounting section 22 formed at the
heat insulation part 20 to the mounting hole 4a.
[0026] Moreover, in this embodiment, since the heat
insulation part 20 surrounds the outer periphery of the
heat transfer part 18, it is more difficult to dissipate the
heat of the heat transfer part 18 by thermal conduction.
Furthermore, since the mounting section 22, and thus,
the mounting hole 4a, are provided over the entire cir-

cumference of the heat insulation part 20, the gap be-
tween the mounting section 22 and the mounting hole 4a
can be eliminated over the entire circumferential direc-
tion, and therefore, heat of the heat transfer part 18 is
less likely to dissipate by transmission or radiation.
[0027] In this embodiment, utilizing the high elasticity
of the heat insulation part 20, the circumferential groove
24 of the mounting section 22 can be easily attached to
the edge 4b of the mounting hole 4a. Furthermore, in this
mounting structure, in this mounting structure, the edge
4b is fitted into the circumferential groove 24, whereby
the gap between the mounting section 22 and the mount-
ing hole 4a can be eliminated, and therefore, the heat of
the heat transfer part 18 is more difficult to dissipate by
transmission or radiation.
[0028] In this embodiment, the thickness of the inter-
mediate section 28 interposed between the overlap sec-
tion 26, in which the heat transfer part 18 overlaps the
heat insulation part 20, and the mounting section 22 is
less than the thickness of the overlap section 26. There-
fore, the intermediate section 28 is very flexible, so that
even when the heat transfer section 18 is in contact with
the object for which the temperature is to be measured,
the contact pressure can be reduced on the object for
which the temperature is to be measured.
[0029] In this embodiment, the end portions of the
wires 12 and the end portion 10a of the flexible printed
substrate 10 are embedded in the heat insulation part 20
and the heat transfer part 18. Therefore, in the manufac-
ture of the electrical temperature measuring instrument
6, the temperature sensitive section 8 can be easily em-
bedded in the heat transfer part 18.
[0030] In accordance with the temperature measuring
arrangement according to this embodiment, the heat
transfer part 18, in which the temperature sensitive sec-
tion 8 is embedded, or the end portion 10a of the flexible
printed substrate 10, to which the temperature sensitive
section 18 is fixed, is brought into direct contact with the
object for which the temperature is to be measured, so
that it is possible to accurately and quickly measure the
temperature of the object for which the temperature is to
be measured.
[0031] An experiment was conducted to investigate the
temperature measurement performance of the temper-
ature measurement device 1 according to this embodi-
ment. In addition, another experiment was conducted to
investigate the temperature measurement performance
of a temperature measurement device according to a
comparative example.
[0032] Fig. 4 shows the temperature measurement de-
vice according to a comparative example. The tempera-
ture measuring device includes a rod-shaped thermistor
38 and a wire harness 40 supporting the thermistor 38.
Inside the wire harness 40, a plurality of wires connected
to the thermistor 38 are disposed. These wires are con-
nected to an electrical circuit (not shown) for electrically
measuring the temperature of the thermistor 38. The ther-
mistor 38 was inserted into the inside of the case 30
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through an opening 30a of a case 30 containing a lami-
nate type lithium ion battery 3. However, in order to avoid
damage or degradation of the battery 3, a gap was pro-
vided between the thermistor 38 and the battery 3. The
gap was 20 mm. The material and thickness of the case
30 are the same as those of the case 4 of the embodi-
ment.
[0033] On the other hand, in the temperature meas-
urement device 1 according to the embodiment, the tem-
perature sensitive section 8 was a chip-type thermistor.
The heat transfer part 18 was formed of a heat conductive
silicone rubber, whereas the heat insulation part 20 was
formed of a heat insulating silicone rubber. The thermal
conductivity of the heat transfer part 18 was 0.9 watts
per meter-kelvin, whereas the thermal conductivity of the
heat insulation part 20 was 0.159 watts per meter-kelvin.
The resistivity of the heat transfer part 18 and the heat
insulation part 20 was 0.1 teraohm meters. The end por-
tion 10a of the flexible printed substrate 10 was inter-
posed between the temperature sensitive section 8 and
the battery 3 (the distance between the temperature sen-
sitive section 8 and the battery 3 was the thickness of
the flexible printed substrate 10).
[0034] The experimental results are shown in Fig. 5.
In Fig. 5, line L1 shows the actual temperature. The actual
temperature was measured by a thermocouple that was
in contact with the battery 3. At this time, the thermocou-
ple was covered with aluminum foil so that it would not
be affected by ambient air. Line L2 shows the tempera-
ture measurement result of the battery 3 by the temper-
ature measurement device 1 according to the embodi-
ment. Line L3 shows the temperature measurement re-
sult of the battery 3 by the temperature measurement
device according to the comparative example. According
to the embodiment, in the steady state of the measured
temperature, the difference from the actual temperature
was about 2 degrees Celsius, and the delay in measure-
ment after change in actual temperature was about 30
seconds.
[0035] On the other hand, according to the compara-
tive example, in the steady state of the measured tem-
perature, the difference from the actual temperature was
about 10 degrees Celsius, and the delay in measurement
after change in actual temperature was about 10 minutes.
Thus, it was confirmed that the temperature measure-
ment device 1 according to the embodiment can measure
the temperature of the battery 3 accurately and quickly,
whereas in the temperature measurement device ac-
cording to the comparative example, the temperature
measurement performance was inferior to that of the em-
bodiment. It is conceivable that this is because in the
temperature measurement device according to the com-
parative example, the thermistor 38 was not in direct con-
tact with the battery 3, and it measured the temperature
in the vicinity of the battery 3, and heat was dissipated
from the opening 30a of the case 30 by heat transmission
and radiation.

Modifications

[0036] Although the present invention has been de-
scribed, the foregoing description is not intended to limit
the present invention. Various modifications including
omission, addition, and replacement of structural ele-
ments may be made within the scope of the present in-
vention.
[0037] For example, the use of the present invention
is not limited to temperature measurement of laminate
type lithium ion batteries, nor is it limited to temperature
measurement of batteries for automotive vehicles.
[0038] Moreover, the location in which the temperature
measurement apparatus 1 is arranged is not restricted
to a ceiling plate. For example, a mounting hole may be
formed in the bottom plate of the case 4, to which the
elastic material portion 16 may be attached.
[0039] Aspects of the present invention are also set
out in the following numbered clauses:

Clause 1. A temperature measuring device compris-
ing:

an electrical temperature measuring instrument
comprising a temperature sensitive section and
configured to measure a temperature of the tem-
perature sensitive section electrically;
a heat transfer part formed of an elastomer em-
bedded in the temperature sensitive section;
and
a heat insulation part formed of an elastomer
covering a single surface of the heat transfer
part,
the heat transfer part having a thermal conduc-
tivity that is greater than a thermal conductivity
of the heat insulation part, a mounting section
being formed at the heat insulation part, the
mounting section being to be mounted at a
mounting location.

Clause 2. The temperature measuring device ac-
cording to clause 1, wherein the mounting section of
the heat insulation part surrounds an outer periphery
of the heat transfer part.
In this case, since the heat insulation part surrounds
the outer periphery of the heat transfer part, the heat
of the heat transfer part 18 is more difficult to dissi-
pate by thermal conduction. Also, since the mounting
section, and hence, the mounting location, is provid-
ed all around the heat insulation part, the gap be-
tween the mounting section and the mounting loca-
tion can be eliminated over the entire circumferential
direction, and therefore, heat of the heat transfer part
is less likely to dissipate by transmission or radiation.
Clause 3. The temperature measuring device ac-
cording to clause 2, wherein the mounting section of
the heat insulation part comprises a circumferential
groove formed at a side surface of the heat insulation
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part.
In this case, the circumferential groove of the mount-
ing section can be easily attached to the mounting
location by utilizing the high elasticity of the heat in-
sulation part. In addition, in this mounting structure,
the fitting of the mounting section and the mounting
location can eliminate the gap between the mounting
section and the mounting location, and therefore, the
heat of the heat transfer part is further less likely to
be dissipated by transmission or radiation.
Clause 4. The temperature measuring device ac-
cording to any one of clauses 1 to 3, further compris-
ing an overlap section at which the heat transfer part
overlaps the heat insulation part; and an intermedi-
ate section interposed between the overlap section
and the mounting section, the intermediate section
having a thickness less than a thickness of the over-
lap section.
In this case, since the flexibility of the intermediate
section is high, even when the heat transfer section
is in contact with the object of which the temperature
is to be measured, the contact pressure can be re-
duced on the object for which the temperature is to
be measured.
Clause 5. The temperature measuring device ac-
cording to any one of clauses 1 to 4, wherein the
electrical temperature measuring instrument com-
prises wires connected to the temperature sensitive
section and a flexible printed substrate to which the
wires are fixed, end portions of the wires and an end
portion of the flexible printed substrate being embed-
ded in the heat insulation part and the heat transfer
part.
In this case, the temperature sensitive section can
be easily embedded in the heat transfer part in the
manufacture of the electrical temperature measuring
instrument.
Clause 6. A temperature measuring arrangement
comprising:

the temperature measuring device according to
any one of clauses 1 to 5;
a case on which the mounting section is mount-
ed;
an object for which the temperature is to be
measured placed within the case and being in
direct contact with the heat transfer part.

[0040] According to this temperature measuring ar-
rangement, since the heat transfer part, in which the tem-
perature sensitive section is embedded, is brought into
direct contact with the object for which the temperature
is to be measured, it is possible to accurately and quickly
measure the temperature of the object for which the tem-
perature is to be measured.

REFERENCE SYMBOLS

[0041]

1: Temperature Measuring Device
2: Battery Unit
3: Battery (Object for Which Temperature Is to Be

Measured)
4: Case
4a: Mounting Hole (Mounting Location)
4b: Edge
6: Electrical Temperature Measuring Instrument
8: Temperature Sensitive Section
10: Flexible Printed Substrate
10a: End Portion
12: Wire
16: Elastic Material Portion
18: Heat Transfer Part
20: Heat Insulation Part
22: Mounting Section
24: Circumferential Groove
26: Overlap Section
28: Intermediate Section

Claims

1. A temperature measuring device comprising:

an electrical temperature measuring instrument
comprising a temperature sensitive section and
configured to measure a temperature of the tem-
perature sensitive section electrically;
a heat transfer part formed of an elastomer em-
bedded in the temperature sensitive section;
and
a heat insulation part formed of an elastomer
covering a single surface of the heat transfer
part,
the heat transfer part having a thermal conduc-
tivity that is greater than a thermal conductivity
of the heat insulation part, a mounting section
being formed at the heat insulation part, the
mounting section being to be mounted at a
mounting location.

2. The temperature measuring device according to
claim 1, wherein the mounting section of the heat
insulation part surrounds an outer periphery of the
heat transfer part.

3. The temperature measuring device according to
claim 2, wherein the mounting section of the heat
insulation part comprises a circumferential groove
formed at a side surface of the heat insulation part.

4. The temperature measuring device according to any
one of claims 1 to 3, further comprising an overlap
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section at which the heat transfer part overlaps the
heat insulation part; and an intermediate section in-
terposed between the overlap section and the
mounting section, the intermediate section having a
thickness less than a thickness of the overlap sec-
tion.

5. The temperature measuring device according to any
one of claims 1 to 4, wherein the electrical temper-
ature measuring instrument comprises wires con-
nected with the temperature sensitive section and a
flexible printed substrate onto which the wires are
fixed, end portions of the wires and an end portion
of the flexible printed substrate being embedded in
the heat insulation part and the heat transfer part.

6. A temperature measuring arrangement comprising:

the temperature measuring device according to
any one of claims 1 to 5;
a case on which the mounting section is mount-
ed; and
an object for which the temperature is to be
measured placed within the case and being in
direct contact with the heat transfer part.
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