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TEMPERATURE SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a temperature sensor hav 

ing a temperature sensing element such as a thermistor and a 
Pt resistance thermometer. 

2. Description of the Related Art 
As a temperature sensor for detecting temperature of 

exhaust gas of a vehicle or the like, a thermistor, a Pt resis 
tance thermometer, or the like based on a change in resistance 
With changing temperature has been knoWn (refer to Patent 
Documents 1 and 2). 
A con?guration of this type of temperature sensor is illus 

trated in FIG. 7. As illustrated in the upper cross-sectional 
FIG. 7, a temperature sensor 500 is con?gured by Welding and 
accommodating a thermistor 502 and a sheath member 506 in 
a metal tube 512 and ?lling a cement 514 such as alumina 
through a gap in the metal tube 512. 

The thermistor 502 includes a thermistor sinteredbody 503 
and a device electrode Wire 504. Since the device electrode 
Wire 504 is a PtiRh Wire or the like Which is expensive, the 
loW-cost sheath member 506 is connected for a reduction in 
cost. Here, the sheath member 506 includes an insulated 
sheath Wire 508 made of SUS and the like and retained by a 
sheath tube 507, and the device electrode Wire 504 and the 
sheath Wire 508 are joined through a junction 510 by laser 
spot Welding. 
[Patent Document 1] JP-A-Hei5-264368 (FIG. 1, Paragraph 

0010) 
[Patent Document 2] JP-A-2000-9778l 

3. Problems to be Solved by the Invention 
HoWever, the temperature of exhaust gas changes rapidly 

betWeen a loW temperature of about 0° C. and a high tem 
perature of about 10000 C., and accordingly a thermal cycle of 
raising/decreasing a temperature Within the temperature 
range is also applied to the temperature sensor. 

In addition, When the temperature sensor is rapidly cooled 
from a high temperature to a loW temperature, cooling starts 
from the metal tube 512 on an outer periphery side. Here, the 
metal tube 512 such as stainless steel has a thermal expansion 
coe?icient greater than that of the inside cement (alumina or 
the like) 514. Accordingly, as illustrated in the loWer cross 
section of FIG. 7, When the metal tube 512 starts cooling and 
contracts, contraction of the cement 514 cannot folloW that of 
the metal tube 512. Consequently, a leading end portion (on a 
side of the thermistor 502) of the metal tube 512 presses the 
adjacent cement 514 and the thermistor 502 rearWard (along 
an arroW A). When the thermistor 502 is pressed rearWard (on 
a side of the sheath member) as described above, a shear stress 
as shoWn by arroWs B is exerted on the junction 510 of the 
device electrode Wire 504 and the sheath Wire 508. In addi 
tion, Whenever the thermal cycle is repeated, the shear stress 
is exerted on the junction 510, strength of the junction 510 is 
reduced, and there is a concern that a break in the junction 51 0 
may occur. 

In addition, a sensor disclosed in Patent Document 1 has a 
con?guration in Which a thermistor is accommodated in a 
double tube having an inner pipe 4 and a metal tube 5. In this 
case, leading ends of the inner pipe 4 and the metal tube 5 are 
?xed by a TIG (Tungsten Inert Gas) Welding portion 15, so 
that the entire tube also contracts and the thermistor is, 
pressed rearWard. 
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2 
SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a tem 
perature sensor capable of lessening stress exerted on a junc 
tion of a device electrode Wire and a sheath Wire of a tem 

perature sensing element. 
According to a ?rst aspect (I), the above object of the 

invention has been achieved by providing a temperature sen 
sor including: a temperature sensing element having a tem 
perature sensing unit and a pair of device electrode Wires 
extending from the temperature sensing unit; a sheath mem 
ber including a sheath Wire connected at a junction to at least 
one of the device electrode Wires and a sheath outer pipe 
retaining the sheath Wire in an insulating material; an inner 
tube made of a metal Which has a bottomed cylindrical shape, 
said inner tube accommodating the temperature sensing ele 
ment and the junction in a bottom portion side of the inner 
tube serving as a leading end of the temperature sensor, and 
extending in an extension direction of the device electrode 
Wire and the sheath Wire; and an outer tube Which has a 
bottomed cylindrical shape including a gas inlet hole, said 
outer tube covering the inner tube, and being spaced from the 
inner tube on a leading end side of the junction When vieWed 
in a direction perpendicular to an axial direction of the inner 
tube. 

With such a con?guration, the inner tube is shielded by the 
outer tube. Accordingly, When the temperature sensor is rap 
idly cooled from a high temperature to a loW temperature, 
cooling starts from the outer tube on an outer periphery side, 
and the outer tube contracts. HoWever, the inner tube resists 
the rapid temperature change because it is shielded by the 
outer tube. In addition, since the outer tube is spaced from the 
inner tube on a leading end side of the junction, the contrac 
tion of the outer tube due to the rapid temperature change is 
not folloWed by the inner tube, and the degree of contraction 
of the inner tube can be reduced. Particularly, since the junc 
tion is shielded by the outer tube, stress such as a shear stress 
exerted on the junction due to contraction of the inner tube 
With changing temperature can be lessened. 

In addition, since the outer tube is provided With gas inlet 
holes at predetermined positions, the inner tube is exposed to 
the gas to be measured, respondence of the temperature sens 
ing unit including a leading end thereof is maintained, and the 
temperature of the gas to be measured can be detected With 
good precision. 

Moreover, since the junction is shielded by the outer tube, 
the temperature change in the vicinity of the junction can be 
smoothened, and thermal stress exerted on the junction can be 
reduced, thereby further enhancing reliability of the tempera 
ture sensor. 

In a preferred embodiment (2), the temperature sensor 
according to (1) above further comprises a ?xing portion for 
?xing the outer tube to the inner tube or the sheath outer pipe 
on a rear end side of the junction When vieWed in a direction 
perpendicular to the axial direction of the inner tube. 

With such a con?guration, the outer tube can be ?xed on 
the rear end side of the junction, and the contraction of the 
inner tube folloWing contraction of the outer tube due to a 
rapid temperature change can be effectively prevented. 

In another preferred embodiment (3) of the temperature 
sensor according to (l) or (2) above, the entire portion of the 
gas inlet hole is disposed on a leading end side of the junction 
When vieWed in a direction perpendicular to the axial direc 
tion of the inner tube. 
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With such a con?guration, the junction is completely 
shielded by the outer tube, so that the temperature change of 
the junction and stress exerted thereon can be further less 
ened. 

In yet another preferred embodiment (4) of the temperature 
sensor according to any of (l) to (3) above, at least a portion 
of the gas inlet hole overlaps the temperature sensing unit 
When vieWed in a direction perpendicular to the axial direc 
tion of the inner tube. 

With such a con?guration, the gas inlet hole at least par 
tially overlaps the temperature sensing unit. From the gas 
inlet hole(s), the gas to be measured (exhaust gas) ?oWs to 
contact the inner tube in the vicinity of the temperature sens 
ing unit, thereby further enhancing the respondence of the 
temperature sensing unit. 

In yet another preferred embodiment (5) of the temperature 
sensor according to any of (l) to (4) above, the insulating 
material is ?lled betWeen the temperature sensing element 
and an inner surface of the inner tube. 

With such a con?guration, heat is rapidly transferred from 
the inner tube to the temperature sensing element, thereby 
further enhancing the respondence of the temperature sensing 
element. 

Thus, in accordance With the invention, the stress exerted 
on the junction of the device electrode Wire of the temperature 
sensing element and the sheath Wire can be lessened, and a 
break in the junction can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Illustrative aspects of the invention Will next be described 
in detail With reference to the folloWing ?gures Wherein: 

FIG. 1 is a cross-sectional vieW illustrating a con?guration 
of a temperature sensor that is partially cut aWay, according to 
a ?rst embodiment of the invention; 

FIG. 2 is a partially enlarged vieW of FIG. 1 (upper cross 
section), and a loWer cross-section shoWing contraction of 
outer tube 120 upon cooling; 

FIG. 3 is a cross-sectional vieW illustrating a con?guration 
of a temperature sensor that is partially cut aWay, according to 
a second embodiment of the invention; 

FIGS. 4(a) and 4(b) are partial cross-sectional vieWs illus 
trating a ?xed state of an outer tube in the temperature sensor 
according to the second embodiment of the invention; 

FIG. 5 is a partially enlarged vieW of a cross-section of a 
temperature sensor according to a third embodiment of the 
invention; 

FIG. 6 is a vieW illustrating the temperature respondence of 
the temperature sensors of Example and Comparative 
Examples; and 

FIG. 7 is a partially enlarged vieW of a cross-section of a 
related art temperature sensor (upper cross-section), and a 
loWer cross-section shoWing compressive force A and shear 
stress B acting on the sensor components upon cooling. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, exemplary embodiments of the invention Will 
be described With reference to the draWings. HoWever, the 
present invention should not be construed as being limited 
thereto. 

FIG. 1 illustrates a cross-sectional con?guration of a tem 
perature sensor 100x that is partially cut aWay, according to a 
?rst embodiment of the invention. The temperature sensor 
100x is inserted through an opening of a side Wall 200 of an 
exhaust pipe to be mounted therein, and detects the tempera 
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4 
ture of a vehicle exhaust gas. In addition, as the temperature 
of the exhaust gas changes rapidly betWeen a loW temperature 
of about 0° C. and a high temperature of about 10000 C., a 
thermal cycle of raising/ decreasing the temperature Within 
the temperature range is applied to the temperature sensor 
100x. 
The temperature sensor 100x includes a thermistor (tem 

perature sensing element) 102, a sheath member 106 con 
nected to the thermistor 102, an inner tube 112 made of a 
metal (SUS310S is used in this embodiment) Which has a 
bottomed cylindrical shape accommodating the thermistor 
102 and the sheath member 106, an outer tube 120 made of a 
metal (SUS310S is used in this embodiment) Which is aligned 
coaxially With the inner tube 112 and has a bottomed cylin 
drical shape covering the inner tube 112, a ?ange member 140 
?tted to an outer periphery of the inner tube 112, a mounting 
member 150 loosely ?tted to an outer periphery of the ?ange 
member 140, a cylindrical joint 160 made of a metal Which is 
mounted to a rear end side of the ?ange member 140, and an 
elastic seal member 174 Which is mounted to a rear end of the 
joint 160 to pull out a lead 173. 

In the temperature sensor 100x of this embodiment, a loWer 
end side of the inner tube 112 is referred to as a “leading end,” 
and an open end side of the inner tube 112 is referred to as a 
“rear side.” 
The thermistor (temperature sensing element) 102 includes 

a thermistor sintered body (temperature sensing unit) 103 for 
measuring temperature and a pair of device electrode Wires 
104 extending from an end (rear end side) of the thermistor 
sintered body 103. 
The thermistor sintered body 103 has a hexagonal prism 

shape, provided in the inner tube 112 While an axial direction 
of the prism is perpendicular to an axial direction of the inner 
tube 112. As the thermistor sintered body 103, a perovskite 
structured oxide having (Sr,Y)(Al,Mn,Fe)O3 as a base com 
position may be used, but is not limited thereto. In addition, as 
the temperature sensing unit, a resistance thermometer such 
as Pt in addition to the thermistor may be used. 
The sheath member 106 includes a sheath Wire 108 con 

nected to each of the pair of device electrode Wires 104 of the 
thermistor 102, and a sheath outer pipe 107 accommodating 
the sheath Wire 108. An insulating material made of SiO2 is 
?lled betWeen the sheath Wire 108 and an inner surface of the 
sheath outer pipe 107. 

Typically, the device electrode Wire 504 is a PtiRh Wire or 
the like that is expensive. Therefore, by connecting a sheath 
Wire 108 made of SUS or the like Which is inexpensive, a 
reduction in cost can be achieved. 
The ?ange member 140 has a substantially cylindrical 

shape in Which a center hole through Which the inner tube 1 12 
is to be inserted opens in an axial direction. From the leading 
end side of the temperature sensor 100x, a ?ange portion 142 
having a large diameter, a tubular sheathing portion 143 hav 
ing a smaller diameter than the ?ange portion 142, a ?rst 
stepped portion 144 de?ning a leading end side of the sheath 
ing portion 143, and a second stepped portion 146 Which 
de?nes a rear end side of the sheathing portion 143 and has a 
smaller diameter than the ?rst stepped portion 144, are 
sequentially formed. A leading end surface of the ?ange por 
tion 142 is provided With a tapered seating surface 145, and 
When the mounting member 150 described beloW is screWed 
to the exhaust pipe, the seating surface 145 is mounted to the 
side Wall 200 of the exhaust pipe for sealing. 
The ?ange member 140 is press-?tted to a rear end portion 

of the inner tube 112, and the entire periphery of the second 
stepped portion 146 and the inner tube 112 are ?xed to each 
other by laser Welding. 
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In addition, the joint 160 is press-?tted to an outer periph 
ery of the ?rst stepped portion 144, and the tWo are ?xed to 
each other by laser-Welding the entire periphery. The joint 
160 covers the inner tube 112 on a rear end side by the ?ange 
member 140, and accommodates and retains a connection 
portion of the sheath Wire 108 pulled from the sheath member 
106 of the inner tube 112, and the lead 173. 
The mounting member 150 has a center hole With a diam 

eter slightly larger than the outer periphery of the joint 160 in 
an axial direction and is provided With a screW portion 152 
and a hexagonal nut portion 151 having a diameter larger than 
that of the screW portion 152, from a leading end side. In 
addition, While a rear surface of the ?ange portion 142 of the 
?ange member 140 comes in contact With a front surface of 
the screW portion 152, the mounting member 150 is loosely 
?tted to the outer periphery of the ?ange member 140 (the 
joint 160) and is rotatable in the axial direction. 

In addition, by screWing the screW portion 152 to a prede 
termined screW hole of the exhaust pipe, the temperature 
sensor 100x is mounted to the side Wall 200 of the exhaust 
pipe. 

The outer tube 120 is bottomed-cylindrical, and the bottom 
portion thereof covers the inner tube 1 12 toWard a leading end 
side of the inner tube 112. The outer tube 120 is crimped at a 
substantially center position of a portion of the inner tube 112 
disposed on a leading end side of the ?ange member 140 to 
form a crimping portion (?xing portion) 120!) and so as to be 
?xed to the inner tube 112. A bottom surface and side surfaces 
of the outer tube 120 are provided With a plurality of gas inlet 
holes 122 (122a to 1220) described beloW, and a rear end of 
the outer tube 120 extends to a position substantially contact 
ing the seating surface 145 of the ?ange portion 142. 

In addition, a diameter of the opening of the side Wall 200 
of the exhaust pipe is slightly larger than an outside diameter 
of the outer tube 120 such that the outer tube 120 is accom 
modated in the opening of the side Wall 200. 
From a rear end of the sheath outer pipe 107 of the sheath 

member 106, the tWo sheath Wires 108 are pulled, and an end 
of each sheath Wire 108 is connected to a tightening terminal 
172. The tightening terminal 172 is connected to the lead 173. 
In addition, each of the sheath Wires 108 and the tightening 
terminal 172 is insulated by an insulating tube 171. 

In addition, each lead 173 is pulled out through a lead 
insertion hole of the elastic seal member 174 ?tted to a rear 
end inner side of the joint 160 and connected to an external 
circuit through a connector. 

Next, the outer tube 120 is described With reference to FIG. 
2 that is a partially enlarged vieW of FIG. 1. In addition, FIG. 
2 illustrates a cross-section taken in an axial direction of the 
temperature sensor to include one of the tWo device electrode 
Wires. 

In FIG. 2, the thermistor 102 is disposed in an internal 
space of a bottom portion (leading end side) of the inner tube 
112, and the device electrode Wire 104 extends from a rear 
end 103r of the thermistor sintered body 103 along the axial 
direction L of the inner tube 112. In addition, the sheath outer 
pipe 107 of the sheath member 106 is accommodated in the 
inner tube 112 coaxially With the inner tube 112, and the 
sheath Wire 108 pulled from a leading end of the sheath outer 
pipe 107 of the sheath member 106 overlaps With a leading 
end of the device electrode Wire 104. 

In addition, an overlapping portion of the device electrode 
Wire 104 and the sheath Wire 108 is formed as a junction 110 
by laser spot Welding, and the tWo are joined at the junction 
110. The thermistor 102 and the sheath member 106 are 
connected as described above to be accommodated in the 
inner tube 112, and the insulating material 114 ?lls a space, so 
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6 
that the thermistor 102 and the sheath member 106 are 
retained in the inner tube 112. The insulating material 114 
may be formed by ?lling and solidifying an unconsolidated 
cement having alumina and silica as a main constituent and an 
aggregate, respectively, in the space. 

Here, When vieWed in a direction perpendicular to the axial 
direction L of the inner tube 112, a leading end of the junction 
110 is denoted by J, a position of the rear end 103r of the 
thermistor sintered body 103 is denoted by R, and a position 
of a leading end 103f of the thermistor sintered body 103 is 
denoted by F. 

In this case, the outer tube 120 is spaced from the inner tube 
112 on a leading end side of the position I. 
When tie outer tube 120 is con?gured as described above, 

the inner tube 112 (including the junction 110) is shielded by 
the outer tube 120. Accordingly, When the temperature sensor 
100x is rapidly cooled from a high temperature to a loW 
temperature, cooling starts from the outer tube 120 on an 
outer periphery side. In addition, as illustrated in loWer FIG. 
2, although the outer tube 120 contracts, the inner tube 112 
shielded by the outer tube 120 is resistant to the rapid tem 
perature change. Moreover, since the outer tube 120 is spaced 
from the inner tube 112 on the leading end side from the 
junction 110, contraction of the outer tube 120 due to the 
rapid temperature change is not folloWed by the inner tube 
112, and the degree of contraction of the inner tube 112 can be 
reduced. Particularly, since the junction 110 (position I) is 
shielded by the outer tube 120, stress such as shear stress 
exerted on the junction 110 Which is caused by the contraction 
of the inner tube 112 With a change in temperature can be 
lessened. 

In addition, since the outer tube 120 is provided With gas 
inlet holes 112 at predetermined positions so as to expose the 
inner tube 112 to the exhaust gas, respondence of the ther 
mistor sintered body (temperature sensing unit) 103 included 
in the inner tube 112 is not deteriorated, and the temperature 
of the exhaust gas can be measured With good precision. 

In addition, since the junction 110 is shielded by the outer 
tube 120, the temperature change in the vicinity of the junc 
tion 1 1 0 can be smoothened, and thermal stress exerted on the 
junction 110 can be reduced, thereby further enhancing reli 
ability of the temperature sensor. 

In addition, in this embodiment, the outer tube 120 is ?xed 
to the inner tube 112 by the tightening portion 120!) on a rear 
end side from the position I. When a ?xing position of the 
inner tube 112 and the outer tube 120 is on the rear end side of 
the position I, the contraction of the inner tube 112 folloWing 
the contraction of the outer tube 120 due to the rapid tem 
perature change can be effectively prevented. Particularly, the 
?xing position of the inner tube 112 and the outer tube 120 is 
more preferably on a rear end side of the position S. 

In addition, the rear end of the outer tube 120 needs to 
extend at least to a rear end (position S) of the sheath Wire 108 
(the sheath Wire 108 taken out of the leading end of the sheath 
outer pipe 107) extending from the junction 110. 

In addition, in his embodiment, When vieWed in a direction 
perpendicular to the axial direction L of the inner tube 112, all 
of the gas inlet holes 122 (122a to 1220) are disposed on the 
leading end side of the junction 110 (position I). With such a 
con?guration, the junction 110 can be completely shielded by 
the outer tube 120, so that stress such as shear stress exerted 
on the junction 110 due to contraction of the inner tube 112 
With a change in temperature can further be lessened. 

In addition, in this embodiment, When vieWed in a direction 
perpendicular to the axial direction L of the inner tube 112, 
the gas inlet holes 1221) are disposed betWeen the position F 
and the position R. With such a con?guration, the gas inlet 
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holes at least partially overlap the thermistor sintered body 
(temperature sensing unit) 103, and from the gas inlet holes, 
the gas to be measured (exhaust gas) ?oWs to contact the inner 
tube 112 in the vicinity of the temperature sensing unit 103, 
thereby further enhancing respondence of the temperature 
sensing unit 103. 

In addition, in this embodiment, the insulating material 1 14 
?lls the space betWeen the thermistor sintered body (tempera 
ture sensing unit) 103 and the inner tube 112, and the ther 
mistor sintered body 103 and the inner tube 112 are formed 
integrally With one another. Accordingly, the extent of press 
ing the thermistor sintered body 103 to the rear side (sheath 
member side) When the inner tube 112 contracts With a 
change in temperature is increased, so as to exhibit the sig 
ni?cant effects of this embodiment of the invention. In addi 
tion, When the insulating member ?lls the space betWeen the 
thermistor sintered body 103 and the inner tube 112, heat is 
rapidly transferred from the inner tube 112 to the thermistor 
sintered body 103, thereby further enhancing the respon 
dence of the thermistor sintered body 103. 

Various con?gurations for retaining the thermistor sintered 
body 103 in the inner tube 112 include, in addition to the 
above-mentioned ?lling of the insulating material, a retaining 
con?guration for retaining the thermistor sintered body 103 
by disposing a holder in the vicinity of the thermistor sintered 
body 103 and ?lling the holder With an insulating material, a 
retaining con?guration of alloWing the thermistor sintered 
body 103 to come in contact With (be adhered to, or the like) 
a leading end inner Wall or a side Wall of the inner tube 112, 
or the like. In this embodiment of the invention, the above 
mentioned retaining con?guration is employed. 

Next, a temperature sensor 100y according to a second 
embodiment of the invention Will be described With reference 
to FIG. 3. FIG. 3 illustrates a cross-sectional con?guration of 
the temperature sensor 100y that is partially cut aWay. The 
temperature sensor 100y is the same as that of the ?rst 
embodiment, except that the con?gurations of a ?ange mem 
ber 140y and an outer tube 120y differ from those of the ?rst 
embodiment. Like elements in the ?rst embodiment are 
denoted by like reference numerals, and a detailed description 
thereof Will be omitted. 

The temperature sensor 100y is different from that of the 
?rst embodiment in that outer tube 120y is not ?xed by crimp 
ing to the inner tube 112, but rather by means of the ?ange 
member 140y. Speci?cally, a cylindrical guide portion 145a 
extends from the seating surface 145 formed on the leading 
end surface of the ?ange portion 142 of the ?ange member 
140y toWard the leading end side. The guide portion 14511 has 
a center hole provided coaxially With the ?ange member 
140y, and an outside diameter of the guide portion 14511 is 
slightly larger than an inside diameter of the outer tube 120y. 

In addition, as illustrated in FIG. 4, When the outer tube 
120y is insert-?tted to the guide portion 145a and Welded 
thereto, the outer tube 120y is ?xed to the guide portion 14511 
With a Welding portion W (FIG. 4(a)). The temperature sensor 
100y con?gured as described above is mounted to the side 
Wall 200 (of the exhaust pipe). 

In addition, as a method of ?xing the outer tube Without 
Welding, as illustrated in FIG. 4(b), a ?ange portion 1202 is 
provided by increasing a diameter of a rear end of the outer 
tube 120y such that the rear end is along the seating surface 
145. In this case, When the temperature sensor 100y is inserted 
into the side Wall 200 (of the exhaust pipe) after insert-?tting 
the outer tube 120y to the guide portion 14511, the ?ange 
portion 1202 is ?tted and retained betWeen the seating surface 
145 and the side Wall 200. 
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In addition, in the second embodiment illustrated in FIG. 

4(a), the guide portion 145a serves as the ?xing portion of the 
outer tube. In addition, in the second embodiment illustrated 
in FIG. 4(b), the seating surface 145 serves as the ?xing 
portion of the outer tube, and When the temperature sensor 
100y is mounted to an object, the seating surface 145 func 
tions as the ?xing portion. 

Next, a temperature sensor 1002 according to a third 
embodiment of the invention Will be described With reference 
to FIG. 5. FIG. 5 is a partially enlarged vieW corresponding to 
FIG. 2, and illustrates a cross-section taken in a direction 
parallel With an axial direction of the temperature sensor 1002 
to include one of the tWo device electrode Wires 104. The 
temperature sensor 1002 is the same as that of the ?rst 
embodiment, except that a con?guration of the inner tube 
1120 is different. Like elements in the ?rst embodiment are 
denoted by like reference numerals, and a detailed description 
thereof Will be omitted. In addition, a con?guration of parts 
not shoWn in FIG. 5 is the same as in FIG. 1. 

In the temperature sensor 1002, the inner tube 1120 covers 
a region from the thermistor 102 to the position S, and the 
entire periphery thereof is laser-Welded to the leading end of 
the sheath outer pipe 107 in the vicinity of the position S. In 
this manner, the inner tube 1120 is not present on a rear end 
side of the Welding position so as to expose the sheath outer 
pipe 107. In addition, the outer tube 120 is tightened (tight 
ening portion 12019) and ?xed to the sheath outer pipe 107. 
Moreover, a rear end side of the sheath member 106 is 
inserted through the center hole of the ?ange member 140 and 
retained by the ?ange member 140. 
The invention is not limited to the above embodiments, and 

various changes in form and detail of the invention as shoWn 
and described above can be made Without departing from the 
spirit and scope of the claims appended hereto. For example, 
the material of the outer tube is not particularly limited, and 
various types of heat-resistant materials such as ceramics may 
be used in addition to the metal. 

EXAMPLES 

The temperature sensor illustrated in FIG. 1 Was manufac 
tured by a typical procedure and used as a basis for the 
Examples. Here, a con?guration Was employed in Which the 
outside diameter of the outer tube 120 is 4.45 mm, a distance 
from a leading end of the outer tube 120 and a leading end of 
the inner tube 112 is 3 mm, and the rear end of the outer tube 
120 extends to the leading end side of the ?ange member 140. 
In addition, at the surface of the outer tube 120, one gas inlet 
hole (With a diameter of 1.5 mm) Was provided at a position 
corresponding to the gas inlet hole 12211 of FIG. 2, four gas 
inlet holes (With a diameter of 1.5 mm) Were provided at a 
position corresponding to the gas inlet hole 122!) of FIG. 2 
(providing an angle of 90° With respect to a radial direction), 
and similarly, four gas inlet holes (With a diameter of 1 .5 mm) 
Were provided at a position corresponding to the gas inlet hole 
1220 of FIG. 2. 
As Comparative Example 1, a temperature sensor the same 

as that of the Example Was manufactured, except that no outer 
tube 120 Was provided so as to expose the inner tube. 
As Comparative Example 2, a temperature sensor the same 

as that of the Example Was manufactured, except that the 
outer tube 120 Was not provided With gas inlet holes. 
The temperature sensors of the Example and the Compara 

tive Examples Were mounted to a doWnstream side pipe of an 
electric fumace at a temperature of 600° C., and the tempera 
ture Was measured While a ?oW rate in the pipe Was set to 20 
m/ sec. 
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The results thus obtained are shown in FIG. 6. As shown in 
FIG. 6, due to the gas inlet holes provided in the outer tube, a 
temperature respondence close to that of the case Where an 
outer tube is not provided Was obtained, and due to the gas 
inlet holes, the inner tube Was properly exposed to the gas to 
be measured. 

This application is based on Japanese Patent Application 
No. 2008-123025, ?led May 9, 2008, the disclosure ofWhich 
is incorporated herein by reference in its entirety. 

What is claimed is: 
1. A temperature sensor comprising: 
a temperature sensing device having a temperature sensing 

unit and a pair of device electrode Wires extending from 
the temperature sensing unit; 

a sheath member including a sheath Wire connected at a 
junction to at least one of the device electrode Wires and 
a sheath outer pipe retaining the sheath Wire in an insu 
lating material; 

an inner tube made of a metal Which has a cylindrical shape 
having a closed bottom at a front end thereof, said inner 
tube accommodating the temperature sensing element 
and the junction in the closed bottom of the inner tube 
serving as a leading detecting end of the temperature 
sensor, and extending in an extension direction of the 
device electrode Wire and the sheath Wire; and 
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an outer tube Which has a cylindrical shape having a closed 

bottom at a front end thereof and including a gas inlet 
hole, said outer tube covering the inner tube, and being 
spaced from the inner tube frontWard of the junction 
When vieWed in a direction perpendicular to an axial 
direction of the inner tube, 

Wherein the sheath member is disposed Within the inner 
tube, and a front end of the sheath outer pipe is rearWard 
of the junction. 

2. The temperature sensor according to claim 1, further 
comprising a ?xing portion for ?xing the outer tube to the 
inner tube or the sheath outer pipe rearWard of the junction 
When vieWed in a direction perpendicular to the axial direc 
tion of the inner tube. 

3. The temperature sensor according to claim 1, 
Wherein the entire portion of the gas inlet hole is disposed 

frontWard of the junction When vieWed in a direction 
perpendicular to the axial direction of the inner tube. 

4. The temperature sensor according to claim 1, 
Wherein at least a portion of the gas inlet hole overlaps the 

temperature sensing unit When vieWed in a direction 
perpendicular to the axial direction of the inner tube. 

5. The temperature sensor according to claim 1, 
Wherein the insulating material is ?lled betWeen the tem 

perature sensing element and an inner surface of the 
inner tube. 


