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(57) ABSTRACT

In order to solve a technical problem of a temperature sensor
for high temperature, in which platinum lead wires may be
broken when used at a high temperature, an inner frame (8)
(21) Appl. No.: 14/415,015 made of ceramic is provided inside an outer frame (7) made of
metal, the inner frame (8) is fixed, only at the upper end
portion thereof, to the outer frame (7), and an insulating filler

(72) Inventors: Mitsuaki Mochizuki, Hyogo (JP);
Takashi Mihara, Hyogo (IP)

(22) PCT Filed: Jan. 21, 2014 (9) made of a ceramic adhesive or a ceramic powder tightly
filled at a high density is filled inside the inner frame (8) and
(86) PCT No.: PCT/IP2014/000282 a portion inside the outer frame (7) where the inner frame (8)
b is not present. According to this configuration, the occurrence
§ 371 (c)(1), of a break in platinum lead wires (6) can be significantly
(2) Date: Jan. 15, 2015 lowered compared with that of conventional examples.
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TEMPERATURE SENSOR FOR HIGH
TEMPERATURE

TECHNICAL FIELD

[0001] The present invention relates to a temperature sen-
sor in which a platinum resistance thermometer element is
accommodated in a metal outer frame, for use in a high
temperature environment.

BACKGROUND ART

[0002] It is possible to measure a temperature using plati-
num resistance thermometer elements, more precisely than
using other temperature sensors such as thermocouples.
Thus, platinum resistance thermometer elements are widely
used in the case where precise temperature measurement is
required.

[0003] Examples of commonly used platinum resistance
thermometer elements include an element in which a coiled
platinum resistance wire is accommodated in a ceramic insu-
lator (FIG. 1 of JP 557-126035U) and an element in which a
platinum resistance wire wound around a glass bobbin is
coated by glass (FIG. 4 of JP 544-29830B), and further
include an element in which a platinum thin film in the form
of'a meandering wire is formed on a thin film made of ceramic
or the like to form a platinum resistance wire, and the surface
thereof is insulated by coating (JP 2003-179276A). Since the
electrical resistance of a platinum resistance wire changes in
accordance with the temperature, temperature measurement
using a platinum resistance thermometer element is per-
formed by measuring the electrical resistance of a platinum
resistance wire, and converting the obtained value into the
temperature.

[0004] In a platinum resistance thermometer element, a
platinum resistance wire is protected by a member made of a
fragile material such as ceramic or glass as described above.
Thus, an external force such as vibrations may damage the
protective member, resulting in a break or short-circuit in the
platinum resistance wire.

[0005] Thus, it is uncommon for a platinum resistance ther-
mometer element to be used alone as a temperature sensor,
and the platinum resistance thermometer element is usually
used as a temperature sensor in the form where the resistance
thermometer element is accommodated in an outer frame
made of metal or the like, for example, as shown in Patent
Document 1.

[0006] FIG. 4 is a cross-sectional view showing a structure
widely used in a temperature sensor using a platinum resis-
tance thermometer element. A temperature sensor 10 is con-
figured such that a platinum resistance thermometer element
4 is fixed via an insulating filler 90 in a metal outer frame 70.
Regardless of the type of the platinum resistance thermom-
eter element 4, platinum lead wires 6 connected to a platinum
resistance wire are usually exposed from a platinum resis-
tance thermometer element main body 5 containing the plati-
num resistance wire, and ends of the platinum lead wires 6
and ends 160 of three electric conductive wires 140 of a
three-wire cable 30 for measuring the electrical resistance of
the platinum resistance wire are connected by welding.
[0007] Although FIG. 4 is a cross-sectional view, the plati-
num resistance thermometer element 4 and a cover 130 of the
cable 30 are shown in the external shapes thereof for facili-
tating visualization. As is known, types of the temperature
measurement using a platinum resistance thermometer ele-
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ment include two-wire measurement, three-wire measure-
ment, and four-wire measurement, among which three-wire
measurement is most widely used in the industrial field. FIG.
4 shows a case of three-wire measurement in which the three
electric conductive wires 140 of the cable 30 are connected to
the platinum lead wires 6 exposed from the platinum resis-
tance thermometer element main body 5.

[0008] In the description below, a “temperature sensor for
high temperature” refers to a temperature sensor for high
temperature using a platinum resistance thermometer ele-
ment.

[0009] Regarding the insulating filler 90, since a ceramic
adhesive has excellent thermal resistance and the same is
applied to a ceramic powder, a ceramic adhesive or a ceramic
powder tightly filled at a high density is used as the insulating
filler 90 in a temperature sensor for high temperature used in
a high temperature range over 200° C. A ceramic powder is
tightly filled at a high density in order to achieve good thermal
conduction so as not to impair the response speed in the
temperature measurement. Furthermore, the cable 30, in the
case of the temperature sensor for high temperature, is a
so-called MI cable in which the three electric conductive
wires 140 are accommodated via a ceramic powder in the
cover 130 configured by a metal sheath, in order to achieve
good thermal resistance. Note that the maximum temperature
of a platinum resistance thermometer element as defined in
IEC Standard and JIS Standard is 850° C.

[0010] Furthermore, a “ceramic adhesive” refers to a
ceramic-based adhesive mainly made of ceramic.

[0011] When a ceramic powder tightly filled at a high den-
sity is used as the insulating filler 90, the ceramic powder may
absorb moisture and deteriorate in the insulation resistance,
causing errors in the temperature measurement, and, thus, the
metal outer frame 70 is usually provided with a lid, and the lid
is welded or brazed to the outer frame 70 and the metal sheath
of the cable 30, so that the ceramic powder accommodated
inside is shielded from the outside air, thereby preventing
errors in the temperature measurement.

PRIOR ART DOCUMENT

Patent Document

[0012] Patent Document 1: JP H06-347339A
SUMMARY OF INVENTION
Problem to be Solved by the Invention
[0013] Temperature sensors for high temperature having

the conventional structure shown in FIG. 4 are problematic in
that there are cases where the platinum lead wires 6 are
broken when used at a high temperature. In addition, these
temperature sensors are problematic also in that the wires are
more frequently broken when used in an environment where
the temperature repeatedly and significantly changes between
a high temperature and a low temperature.

[0014] It is an object of the present invention to provide a
temperature sensor for high temperature in which the occur-
rence of a break in wires is extremely lower than in conven-
tional examples, even when used in a high temperature envi-
ronment, especially when used in an environment where the
temperature repeatedly and significantly changes between a
high temperature and a low temperature.
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Means for Solving the Problems

[0015] In order to solve the above-described problems, the
following temperature sensor for high temperature is pro-
vided.

(First Aspect)

[0016] A first aspect of the present invention is directed to
atemperature sensor for high temperature, provided at an end
of an MI cable in which electric conductive wires are accom-
modated via an inorganic insulating powder in a metal sheath,
including:

[0017] an outer frame made of metal, and having a bot-
tomed tubular shape;

[0018] aninner frame made of ceramic, having a bottomed
or non-bottomed tubular shape, and disposed inside the outer
frame in a state where the inner frame is roughly in contact, at
an outer side face thereof, with an inner side face of the outer
frame, is roughly in contact, at a lower end face thereof, with
an inner face of a bottom of the outer frame, and is fixed, at an
upper end portion thereof, to the outer frame;

[0019] a platinum resistance thermometer element dis-
posed inside the inner frame, configured by a platinum resis-
tance thermometer element main body containing a platinum
resistance wire, and platinum lead wires joined to the plati-
num resistance wire and partially exposed from the platinum
resistance thermometer element main body, wherein ends of
the platinum lead wires exposed from the platinum resistance
thermometer element main body are joined to the electric
conductive wires of the MI cable; and

[0020] an insulating filler made of a ceramic adhesive or a
ceramic powder tightly filled at a high density, and filled
inside the inner frame and a portion inside the outer frame
where the inner frame is not present.

[0021] Note that, as described above, a “ceramic adhesive”
refers to a ceramic-based adhesive mainly made of ceramic.

[0022] As a result of research and study conducted on
causes of a break in platinum lead wires exposed from a
platinum resistance thermometer element main body in con-
ventional temperature sensors for high temperature, it was
found that such a break is mainly caused by a difference
between coefficients of thermal expansion of a metal outer
frame and platinum.

[0023] The outer frames of temperature sensors for high
temperature as industrial products are most commonly made
of'stainless steel, and are sometimes made of nickel alloy such
as corrosion-resistant and heat-resistant super alloy NCF.
These metals each have a coefficient of thermal expansion
larger than that of platinum. Furthermore, a ceramic adhesive
or a ceramic powder used as the insulating filler has a coeffi-
cient of thermal expansion smaller than that of the outer frame
material, and close to that of platinum. Table 1 shows approxi-
mate coefficients of thermal expansion of typically used
materials.

TABLE 1

Ceramic material: coefficient
of thermal expansion

Outer frame material: coefficient
of thermal expansion

Alumina: 8 x 107%° C.
Zirconia: 11 x 1076/° C.

SUS304 stainless steel: 18 x 1076/° C.
SUS316 stainless steel: 18 x 1075/° C.
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TABLE 1-continued

Ceramic material: coefficient
of thermal expansion

Outer frame material: coefficient
of thermal expansion

NCF600: 16 x 1079/ C.

Platinum (resistance wire, lead wire):
coefficient of thermal expansion
Platinum: 10 x 107%/° C.

Magnesia: 13 x 1075/° C.

[0024] According to the relationship between the coeffi-
cients of thermal expansion of these constituent materials,
when a conventional temperature sensor for high temperature
is used at a high temperature, the outer frame is expanded by
heat and pulls the insulating filler having a small coefficient of
thermal expansion, and, sometimes, the insulating filler is
broken. When the insulating filler is pulled and broken, the
platinum lead wires having a coefficient of thermal expansion
smaller than that of the outer frame are pulled, and a tensile
stress is generated in the wires. The platinum lead wires are
broken mainly due to this stress. Furthermore, when used in
an environment where the temperature repeatedly and signifi-
cantly changes between a high temperature and a low tem-
perature, the above-described tensile stress is repeatedly gen-
erated and cyclic fatigue is added, and, thus, the platinum lead
wires are more frequently broken.

[0025] The temperature sensor for high temperature of the
present invention is provided with a ceramic inner frame, and,
thus, the occurrence of a break in the platinum lead wires is
significantly lowered compared with that of conventional
examples. The reason for this is that the inner frame and the
insulating filler inside the inner frame are not pulled by sig-
nificant thermal expansion of the outer frame because the
inner frame is fixed, only at the upper end portion thereof, to
the outer frame, and that stress generated in the platinum lead
wires is reduced because ceramic, of which the inner frame
and the insulating filler are made or mainly made, has a
coefficient of thermal expansion close to that of platinum as
shown in Table 1.

(Second Aspect)

[0026] A second aspect of the present invention is directed
to the temperature sensor for high temperature according to
the first aspect, wherein a material forming the inner frame,
and a main material forming the ceramic adhesive of the
insulating filler or a material forming the ceramic powder of
the insulating filler are any of alumina, zirconia, and a mixture
of alumina and zirconia.

[0027] Not only is there no stress from the outer frame to
the platinum lead wires because the inner frame is provided as
in the first aspect, but, according to the second aspect, there is
almost no stress from the insulating filler because alumina
and zirconia, both of which, among ceramic materials, have a
coefficient of thermal expansion especially close to that of
platinum as shown in Table 1. Thus, even when used in a high
temperature environment or in an environment where the
temperature repeatedly and significantly changes between a
high temperature and a low temperature, the platinum lead
wires can be substantially prevented from being broken.
[0028] Note that, since the electric conductive wires of the
MI cable used are thick and have a relatively large coefficient
of thermal expansion, the electric conductive wires are rarely
broken. The same is applied to conventional temperature
sensors for high temperature. Furthermore, since the plati-
num resistance wire in the platinum resistance thermometer
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element main body is coiled or meandering, an external force
is easily absorbed, and the occurrence of a break in this wire
is lower than that of the platinum lead wires.

(Third Aspect)

[0029] A third aspect of the present invention is directed to
the temperature sensor for high temperature according to the
second aspect, wherein a position in an axial direction of the
upper end portion of the inner frame fixed to the outer frame
substantially matches a position at which the ends of the
platinum lead wires and the electric conductive wires of the
MI cable are joined to each other.

[0030] According to the third aspect, a position in an axial
direction of the upper end portion of the inner frame fixed to
the outer frame substantially matches a position at which the
ends of the platinum lead wires and the electric conductive
wires of the MI cable are joined to each other. Thus, the
occurrence of a break in the electric conductive wires of the
MI cable, which occurs only rarely, can be further lowered.
The reason for this is that stress generated in the electric
conductive wires of the MI cable for high temperature is
reduced when they are outside the inner frame, the stress
being generated because the electric conductive wires are
usually formed from nickel or nickel alloy, both of which have
a coefficient of thermal expansion closer to that of the metal
forming the outer frame than to ceramic such as alumina or
Zirconia.

(Fourth Aspect)

[0031] A fourth aspect of the present invention is directed
to the temperature sensor for high temperature according to
any one of the first to the third aspects, further including:
[0032] aninner frame fixing member that is made of metal,
and can press an upper face of the inner frame;

[0033] wherein the inner frame is provided, on an outer face
of the upper end portion thereof, with a flange,

[0034] the outer frame is provided, in an inner face of an
upper portion thereof, with a step, by reducing a wall thick-
ness of the upper portion, and

[0035] the upper end portion of the inner frame is fixed to
the outer frame by welding or brazing the inner frame fixing
member and the outer frame to each other in a state where the
flange on the inner frame is caught on the step in the outer
frame and the inner frame is suspended on the outer frame,
and an upper face of the flange on the inner frame is pressed
by the inner frame fixing member.

[0036] According to this aspect, the upper end portion of
the inner frame can be easily fixed to the outer frame.

(Fifth Aspect)

[0037] A fifth aspect of the present invention is directed to
the temperature sensor for high temperature according to any
one of the first to the third aspects, further including:

[0038] alid that is made of metal, and can be attached to an
opening at an upper portion of the outer frame;

[0039] wherein the inside of the outer frame is shielded
from the outside air by welding or brazing the lid to the outer
frame and the metal sheath of the MI cable.

[0040] Since a metal lid attached to an opening at an upper
portion of the outer frame is welded or brazed to the outer
frame and the metal sheath of the MI cable, the inside of the
outer frame is shielded from the outside air. Thus, even when
a ceramic powder that absorbs moisture is used as the insu-
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lating filler, there is no possibility that moisture is absorbed
and lowers the insulating performance, causing errors in the
temperature measurement.

(Sixth Aspect)

[0041] A sixth aspect of the present invention is directed to
the temperature sensor for high temperature according to any
one of the first to the third aspects, further including:

[0042] aninner frame fixing member that is made of metal,
and can press an upper face of the inner frame; and

[0043] alid that is made of metal, and can be attached to an
opening at an upper portion of the outer frame;

[0044] wherein the inner frame is provided, on an outer face
of the upper end portion thereof, with a flange,

[0045] the outer frame is provided, in an inner face of an
upper portion thereof, with a step, by reducing a wall thick-
ness of the upper portion, and

[0046] the upper end portion of the inner frame is fixed to
the outer frame, and the inside of the outer frame is shielded
from the outside air, by welding or brazing the lid to the outer
frame and the metal sheath of the M1 cable in a state where the
flange on the inner frame is caught on the step in the outer
frame and the inner frame is suspended on the outer frame, the
inner frame fixing member is placed on an upper face of the
flange on the inner frame, the lid is attached to an upper face
of the inner frame fixing member, and the upper face of the
inner frame fixing member is pressed by the lid.

[0047] According to this aspect, an advantage can be
achieved in which the process that welds or brazes the inner
frame fixing member to the outer frame is no more necessary.

(Seventh Aspect)

[0048] A seventh aspect of the present invention is directed
to the temperature sensor for high temperature according to
the sixth aspect, wherein the inner frame fixing member is
formed in one piece with the inner frame.

[0049] Not only is the process that welds or brazes the inner
frame fixing member to the outer frame no more necessary,
but, according to this aspect, the configuration can be made
economically advantageous because the number of constitu-
ent members is reduced by forming the inner frame fixing
member in one piece with the inner frame.

(Eighth Aspect)

[0050] An eighth aspect of the present invention is directed
to the temperature sensor for high temperature according to
any one of the first to the third aspects, wherein the platinum
resistance thermometer element disposed inside the inner
frame is configured by a plurality of platinum resistance
thermometer elements that are connected in series by a plati-
num wire.

Effects of the Invention

[0051] The present invention provides a temperature sensor
for high temperature in which the occurrence of a break in
platinum lead wires is extremely lower than in conventional
examples, when used at a high temperature, and, furthermore,
in which the occurrence of a break in the platinum lead wires
is extremely lower than in conventional examples, even when
used in an environment where the temperature repeatedly and
significantly changes between a high temperature and a low
temperature.
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BRIEF DESCRIPTION OF DRAWINGS

[0052] FIG. 1 is a cross-sectional view showing a first
embodiment of a temperature sensor for high temperature
according to the present invention.

[0053] FIG. 2 is a cross-sectional view showing a second
embodiment of the temperature sensor for high temperature.

[0054] FIG. 3 is a cross-sectional view in the radial direc-
tion of an MI cable that is connected to the temperature sensor
for high temperature.

[0055] FIG. 4 is a cross-sectional view showing a conven-
tional temperature sensor using a platinum resistance ther-
mometer element.

MODES FOR CARRYING OUT THE INVENTION

First Embodiment

[0056] FIG. 1 shows a first embodiment of a temperature
sensor for high temperature according to the present inven-
tion. Although FIG. 1 is a cross-sectional view, a platinum
resistance thermometer element main body 5 is shown in the
external shape thereof. Furthermore, FIG. 3 shows a cross-
sectional view in the radial direction of an MI cable 3 that is
connected to a temperature sensor 1 for high temperature.
Hereinafter, the first embodiment will be described with ref-
erence to FIGS. 1 and 3.

[0057] The temperature sensor 1 for high temperature is
configured by a platinum resistance thermometer element 4,
an inner frame 8, an outer frame 7, and an inner frame fixing
member 11, and is provided at an end of the MI cable 3.

[0058] The outer frame 7 is made of metal, and has a bot-
tomed cylindrical shape inside of which the inner frame 8 is
provided. The outer side face of inner frame 8 is roughly in
contact with the inner side face of the outer frame 7, and the
lower end face of the inner frame 8 is roughly in contact with
the inner face of the bottom of the outer frame 7.

[0059] The platinum resistance thermometer element 4 in
which platinum lead wires 6 are exposed from the platinum
resistance thermometer element main body 5 is positioned
inside the inner frame 8. The platinum resistance thermom-
eter element main body 5 is a portion containing a platinum
resistance wire for measuring the temperature. In the draw-
ing, the exposed portions of the platinum lead wires 6 joined
to the platinum resistance wire are shown.

[0060] A ring-like flange protrudes from the upper end of
the inner frame 8, and a step is formed in the inner face of the
outer frame 7 by reducing the wall thickness of the upper
portion of the outer frame 7. In a state where the flange on the
inner frame 8 is caught on the step on the inner face of the
outer frame 7 and the inner frame 8 is suspended on the outer
frame 7, the upper face of the flange is pressed by the metal
inner frame fixing member 11 in the shape of a cylinder, so
that the upper end portion of the inner frame 8 is fixed to the
outer frame 7. The inner frame fixing member 11 is fixed by
welding to the outer frame 7. The inner frame fixing member
11 may be fixed by brazing to the outer frame 7.

[0061] Ends of the platinum lead wires 6 are joined by
welding to ends 16 of three electric conductive wires 14
stripped out of a metal sheath 13 of the MI cable 3 in which the
three electric conductive wires 14 are accommodated via an
inorganic insulating powder 15 in the metal sheath 13. The
temperature is measured by the platinum resistance thermom-
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eter element 4 using three-wire measurement, and, thus, the
number of electric conductive wires 14 of the MI cable 3 is
three.

[0062] The inside of the inner frame 8 and a portion inside
the outer frame 7 where the inner frame 8 is not present are
filled with an insulating filler 9.

[0063] In the first embodiment, the outer frame 7 and the
inner frame 8 each have a cylindrical shape, but may have a
tubular shape with a quadrangular or other cross-section, and
the inner frame 8 may have a bottomed shape. The shape of
the inner frame fixing member 11 is not absolutely limited to
a cylindrical shape, as long as the flange on the inner frame 8
can be fixed. Furthermore, the platinum resistance thermom-
eter element main body 5 may be of any type, such as an
element in which a coiled platinum resistance wire is accom-
modated in a ceramic insulator, an element in which a plati-
num resistance wire wound around a glass bobbin is coated by
glass, or an element in which a platinum thin film in the form
of'a meandering wire is formed on a thin film made of ceramic
or the like to form a platinum resistance wire, and the surface
thereof is insulated by coating.

[0064] Furthermore, the number of platinum resistance
thermometer elements 4 is not limited to one, and a plurality
of platinum resistance thermometer elements may be electri-
cally connected in series by a platinum wire. Five 100Q2
platinum resistance thermometer elements connected in
series correspond to one 500€2 platinum resistance thermom-
eter element.

[0065] Next, the materials used in a manufacture example
of this embodiment will be described. The outer frame 7, the
inner frame fixing member 11, and the metal sheath 13 were
formed from NCF600, but may be formed from other metal
such as SUS304 or SUS316 stainless steel. The electric con-
ductive wires 14 were formed from nickel alloy containing a
trace amount of other metal, but may be formed from other
metal such as NCF600.

[0066] The insulating filler 9 was formed from a ceramic
adhesive mainly made of alumina, and the inner frame 8 was
formed from ceramic made of alumina. Since alumina has a
coefficient of thermal expansion close to that of platinum, the
platinum lead wires 6 can be effectively prevented from being
broken.

[0067] The insulating filler 9 may be formed from a
ceramic adhesive mainly made of zirconia or a mixture of
alumina and zirconia, both of which, like alumina, have a
coefficient of thermal expansion close to that of platinum.
Alternatively, a ceramic powder made of alumina, zirconia, or
a mixture of alumina and zirconia, tightly filled at a high
density, may be used as the insulating filler 9. However, such
a ceramic powder may absorb moisture and deteriorate in the
insulation resistance, causing errors in the temperature mea-
surement. Thus, when the ceramic powder is used as the
insulating filler 9, it is desirable that an opening at the upper
portion of the outer frame 7 is provided with a metal lid, and
the lid is welded or brazed to the outer frame 7 and the metal
sheath 13 of the MI cable 3, so that the inside of the outer
frame 7 is shielded from the outside air.

[0068] Also,the inner frame 8 may be formed from ceramic
made of zirconia or a mixture of alumina and zirconia, both of
which have a coefficient of thermal expansion close to that of
platinum.

[0069] The inorganic insulating powder 15 of the MI cable
3 was made of magnesia, but may be made of other material
such as alumina.
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[0070] In the temperature sensor 1 for high temperature of
this embodiment, the inner frame 8 is fixed, only at the upper
end portion thereof, to the outer frame 7. Thus, when the outer
frame 7 and the inner frame 8 are heated and expanded at
different degrees, the inner frame 8 slides about the fixed
portion thereof functioning as a fulcrum, relative to the outer
frame 7. Accordingly, the inner frame 8 is not pulled by
significant thermal expansion of the outer frame 7. That is,
contrary to conventional examples in which stress is gener-
ated in the platinum lead wires 6 by the influence of thermal
expansion of the outer frame 7, such stress is not generated in
the platinum lead wires 6 according to this embodiment.
Furthermore, there is almost no stress from the insulating
filler 9 to the platinum lead wires 6, because the inner frame
8 and the insulating filler 9 are made of or mainly made of
alumina or zirconia, both of which, among ceramic materials,
have a coefficient of thermal expansion extremely close to
that of platinum. Thus, even when used in a high temperature
environment or in an environment where the temperature
repeatedly and significantly changes between a high tempera-
ture and a low temperature, the platinum lead wires 6 can be
substantially prevented from being broken. Furthermore, also
in a case where the platinum resistance thermometer element
4 is configured by a plurality of platinum resistance thermom-
eter elements that are electrically connected in series by a
platinum wire, this platinum wire can be substantially pre-
vented from being broken in a similar manner.

[0071] According to this embodiment, most portion of the
electric conductive wires 14 stripped out of the metal sheath
13 of the MI cable 3 is inside the inner frame 8. The electric
conductive wires 14 are usually formed from nickel or nickel
alloy, both of which have a coefficient of thermal expansion
close to that of NCF600 or stainless steel forming the outer
frame 7. However, these materials forming the electric con-
ductive wires 14 have a coefficient of thermal expansion
larger than that of materials of which the inner frame 8 and the
insulating filler 9 are made or mainly made, and tensile stress
is hardly generated, and, furthermore, the electric conductive
wires 14 used are thicker than the platinum lead wires 6, so
that the electric conductive wires 14 are rarely broken even
when they are inside the inner frame 8 having a small coeffi-
cient of thermal expansion.

[0072] In view of thermal resistance, there are platinum
resistance thermometer elements 4 that can be used at a high
temperature of approximately 1000° C., if an increase in the
errors to some extent is allowed, and all materials forming the
constituent members other than the platinum resistance ther-
mometer element 4 in the temperature sensor 1 for high
temperature are resistant to heat at a temperature of approxi-
mately 1000° C., and, thus, the temperature sensor 1 for high
temperature can be used in a high temperature range up to
approximately 1000° C. In addition, since the platinum resis-
tance thermometer element 4 that is fragile is protected by the
metal outer frame 7, the temperature sensor 1 for high tem-
perature can be used in an environment where an external
force such as vibrations is applied.

Second Embodiment

[0073] FIG. 2 shows a second embodiment of the tempera-
ture sensor for high temperature according to the present
invention. Although FIG. 2 is a cross-sectional view, the
platinum resistance thermometer element main body 5 is
shown in the external shape thereof. Furthermore, FIG. 3
shows a cross-sectional view in the radial direction of the MI
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cable 3 that is connected to a temperature sensor 2 for high
temperature. Hereinafter, the second embodiment will be
described with reference to FIGS. 2 and 3.

[0074] Hereinafter, a description will be given focusing on
differences from the first embodiment. Features, effects, and
the like of the second embodiment other than the differences
are similar to those of the first embodiment.

[0075] As shown in FIG. 2, the second embodiment is
different from the first embodiment in that a metal lid 12 is
additionally provided as a constituent member, and in that a
position in the axial direction at which the upper end portion
of'the inner frame 8 is fixed to the outer frame 7 substantially
matches a position at which the ends of the platinum lead
wires 6 and the electric conductive wires 14 of the MI cable 3
are joined to each other.

[0076] The lid 12 is attached by welding around the entire
circumference thereof to the outer frame 7 and the metal
sheath 13 of the MI cable 3, so that the inside of the outer
frame 7 is shielded from the outside air. The attachment may
be performed not by welding around the entire circumference
but by brazing around the entire circumference.

[0077] According to this embodiment, the inside of the
outer frame 7 is shielded from the outside air. Thus, even
when a ceramic powder is used as the insulating filler 9, there
is no possibility that moisture is absorbed and lowers the
insulating performance, contrary to the first embodiment.
[0078] Furthermore, contrary to the first embodiment, in
order to fix the upper end portion of the inner frame 8 to the
outer frame 7, it is not absolutely necessary to weld or braze
the inner frame fixing member 11 to the outer frame 7. In a
manufacture example of this embodiment, in a state where the
inner frame fixing member 11 was pressed by the lid 12 from
above, the lid 12 was welded to the outer frame 7 and the
metal sheath 13 of the MI cable 3, so that the upper end
portion of the inner frame 8 was fixed to the outer frame 7. A
specific welding procedure is such that the lid 12 is first
welded to the metal sheath 13, after which, in a state where the
inner frame fixing member 11 is pressed by the lid 12 from
above, the lid 12 is welded to the outer frame 7. The inner
frame fixing member 11 is not welded or brazed to the outer
frame 7.

[0079] The lid 12 is formed from NCF600, which is the
same material as the outer frame 7, but may be formed from
other metal such as SUS304 or SUS316 stainless steel. Fur-
thermore, in a case where welding or brazing to the outer
frame 7 is not performed, the inner frame fixing member 11
does not necessarily have to be made of metal, and may be
made of ceramic.

[0080] This embodiment is different from the first embodi-
ment in that a position in the axial direction at which the upper
end portion of the inner frame 8 is fixed to the outer frame 7
substantially matches a position at which the ends of the
platinum lead wires 6 and the electric conductive wires 14 of
the MI cable 3 are joined to each other.

[0081] The electric conductive wires 14 of the MI cable 3
for high temperature are usually formed from nickel or nickel
alloy, and, according to this embodiment, they are formed
from nickel alloy as described above. These materials each
have a coefficient of thermal expansion closer to that of the
metal forming the outer frame 7 than to ceramic, such as
alumina or zirconia, of which the inner frame 8 and the
insulating filler 9 are made or mainly made, and, thus, accord-
ing to this embodiment, stress generated in the electric con-
ductive wires 14 stripped out of the metal sheath 13 ofthe MI
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cable 3 is reduced, and a break in the electric conductive wires
14, which occurs only rarely, can be prevented.

[0082] This feature is applicable also to the first embodi-
ment. That is to say, in FIG. 1 showing the first embodiment,
if a position in the axial direction of the upper end portion of
the inner frame 8 substantially matches a position at which the
ends of the platinum lead wires 6 and the electric conductive
wires 14 of the MI cable 3 are joined to each other, a break in
the electric conductive wires 14, which occurs only rarely,
can be prevented as in the second embodiment.

[0083] Note that, in the structure of the embodiment shown
in FIG. 2, the inner frame fixing member 11 may be formed in
one piece with the inner frame 8. In this case, the electric
conductive wires 14 stripped out of the metal sheath 13 of the
MI cable 3 are positioned inside the inner frame 8 made of
ceramic having a small coefficient of thermal expansion, and,
thus, the effect of preventing a break in the electric conductive
wires 14 cannot be obtained, but this configuration is eco-
nomically advantageous because the number of constituent
members is reduced.

[0084] According to this embodiment, the platinum lead
wires 6 are not broken as in the first embodiment. Further-
more, also in a case where the platinum resistance thermom-
eter element 4 is configured by a plurality of platinum resis-
tance thermometer elements that are electrically connected in
series by a platinum wire, this platinum wire is not broken as
in the first embodiment.

[0085] (Thermal Cycling Test)

[0086] Inorderto check the effects ofthe present invention,
the temperature sensor 2 for high temperature of the second
embodiment shown in FIG. 2 was subjected to a thermal
cycling test.

[0087] The platinum resistance thermometer element 4 of
the temperature sensor 2 for high temperature subjected to the
test was formed as follows. That is, five 100€2 platinum resis-
tance thermometer elements, in each of which a platinum thin
film in the form of a meandering wire was formed on a thin
film made of ceramic or the like to form a platinum resistance
wire, and the surface thereof was insulated by coating, were
electrically connected in series by a platinum wire, forming
the platinum resistance thermometer element 4. The outer
frame 7 had an outer diameter of about 6 mm, and a length in
the axial direction of about 16 mm.

[0088] The materials forming the constituent members
were as described above. In summary, the outer frame 7, the
inner frame fixing member 11, and the lid 12 were formed
from NCF600, the inner frame 8 was formed from ceramic
made of alumina, and the insulating filler 9 was formed from
a ceramic adhesive mainly made of alumina.

[0089] Six temperature sensors 2 for high temperature were
prepared, and were each subjected to 2000 thermal cycles in
which the temperature was repeatedly increased and
decreased between room temperature and 930° C. With these
thermal cycles, the platinum lead wires 6 of conventional
examples had been broken, whereas in the six temperature
sensors 2, none of the platinum lead wires 6 was broken, and
no other portion was broken or damaged. With this result, it
was confirmed that the present invention is effective.

[0090] The embodiments disclosed herein are to be consid-
ered in all respects as illustrative and not limiting. The scope
of the invention is indicated by the appended claims rather
than by the foregoing description. All changes which come
within the meaning and range of equivalency of the claims are
intended to be embraced therein.
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INDUSTRIAL APPLICABILITY

[0091] The temperature sensor for high temperature of the
present invention is suitable as a sensor for measuring the
temperature of an object in which the temperature is high and
frequently changes. Specifically, this temperature sensor can
be preferably used as a temperature sensor for monitoring the
temperature of a catalyst tank of a thruster engine provided on
a satellite, a temperature sensor for controlling the tempera-
ture of a small electric furnace in which the temperature
significantly changes, and the like.

DESCRIPTION OF REFERENCE NUMERALS

[0092] Temperature sensor for high temperature (first
embodiment)

[0093] Temperature sensor for high temperature (second
embodiment)

[0094] MI cable

[0095] Platinum resistance thermometer element

[0096] Platinum resistance thermometer element main
body

[0097] Platinum lead wire

[0098] Outer frame

[0099] Inner frame

[0100] Insulating filler

[0101] Inner frame fixing member

[0102] Lid

[0103] Metal sheath

[0104] Electric conductive wire

[0105] Inorganic insulating powder

What is claimed is:

1. A temperature sensor for high temperature, provided at
an end of an MI cable in which electric conductive wires are
accommodated via an inorganic insulating powder in a metal
sheath, comprising:

an outer frame made of metal, and having a bottomed
tubular shape;

an inner frame made of ceramic, having a bottomed or
non-bottomed tubular shape, and disposed inside the
outer frame in a state where the inner frame is roughly in
contact, at an outer side face thereof, with an inner side
face of the outer frame, is roughly in contact, at a lower
end face thereof, with an inner face of a bottom of the
outer frame, and is fixed, at an upper end portion thereof,
to the outer frame;

a platinum resistance thermometer element disposed inside
the inner frame, configured by a platinum resistance
thermometer element main body containing a platinum
resistance wire, and platinum lead wires joined to the
platinum resistance wire and partially exposed from the
platinum resistance thermometer element main body,
wherein ends of the platinum lead wires exposed from
the platinum resistance thermometer element main body
are joined to the electric conductive wires of the MI
cable; and

an insulating filler made of a ceramic adhesive or a ceramic
powder tightly filled at a high density, and filled inside
the inner frame and a portion inside the outer frame
where the inner frame is not present.

2. The temperature sensor for high temperature according

to claim 1, wherein a material forming the inner frame, and a
main material forming the ceramic adhesive of the insulating
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filler or a material forming the ceramic powder of the insu-
lating filler are any of alumina, zirconia, and a mixture of
alumina and zirconia.

3. The temperature sensor for high temperature according
to claim 2, wherein a position in an axial direction of the upper
end portion of the inner frame fixed to the outer frame sub-
stantially matches a position at which the ends of the platinum
lead wires and the electric conductive wires of the MI cable
are joined to each other.

4. The temperature sensor for high temperature according
to claim 1, further comprising:

an inner frame fixing member that is made of metal, and

can press an upper face of the inner frame;

wherein the inner frame is provided, on an outer face of the

upper end portion thereof, with a flange,

the outer frame is provided, in an inner face of an upper

portion thereof, with a step, by reducing a wall thickness
of the upper portion, and

the upper end portion of the inner frame is fixed to the outer

frame by welding or brazing the inner frame fixing
member and the outer frame to each other in a state
where the flange on the inner frame is caught on the step
in the outer frame and the inner frame is suspended on
the outer frame, and an upper face of the flange on the
inner frame is pressed by the inner frame fixing member.
5. The temperature sensor for high temperature according
to claim 1, further comprising:
a lid that is made of metal, and can be attached to an
opening at an upper portion of the outer frame;

wherein the inside of the outer frame is shielded from the
outside air by welding or brazing the lid to the outer
frame and the metal sheath of the MI cable.
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6. The temperature sensor for high temperature according
to claim 1, further comprising:

an inner frame fixing member that is made of metal, and

can press an upper face of the inner frame; and

a lid that is made of metal, and can be attached to an

opening at an upper portion of the outer frame;
wherein the inner frame is provided, on an outer face of the
upper end portion thereof, with a flange,

the outer frame is provided, in an inner face of an upper

portion thereof, with a step, by reducing a wall thickness
of the upper portion, and

the upper end portion of the inner frame is fixed to the outer

frame, and the inside of the outer frame is shielded from
the outside air, by welding or brazing the lid to the outer
frame and the metal sheath of the MI cable in a state
where the flange on the inner frame is caught on the step
in the outer frame and the inner frame is suspended on
the outer frame, the inner frame fixing member is placed
on an upper face of the flange on the inner frame, the lid
is attached to an upper face of the inner frame fixing
member, and the upper face of the inner frame fixing
member is pressed by the lid.

7. The temperature sensor for high temperature according
to claim 6, wherein the inner frame fixing member is formed
in one piece with the inner frame.

8. The temperature sensor for high temperature according
to claim 1, wherein the platinum resistance thermometer ele-
ment disposed inside the inner frame is configured by a plu-
rality of platinum resistance thermometer elements that are
connected in series by a platinum wire.
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