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(57) ABSTRACT

The gas sensor includes a sensor element, a first insulator
inside which the sensor element is inserted, a second insu-
lator disposed on a proximal side of the first insulator so as
to cover a proximal side of the sensor element, and a contact
member held by the second insulator and sandwiching the
sensor element. A proximal end portion of the first insulator
and a distal end portion of the second insulator abut on each
other in an axial direction. Each the proximal end portion
and the distal end portion is provided with a positioning
structure. The positioning structure is configured to restrict
a relative movement between the first and second insulators
in a sandwiching direction in which the sensor element is
sandwiched by the contact member and in an orthogonal
direction perpendicular to the sandwiching direction and in
the axial direction.

6 Claims, 6 Drawing Sheets
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1
GAS SENSOR

This application claims priority to Japanese Patent Appli-
cations No. 2012-113131 filed on May 17, 2012 and No.
2013-3655 filed on Jan. 11, 2013, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gas sensor for detecting
a concentration of a specific gas contained in a measurement
gas.

2. Description of Related Art

There are known various gas sensors which can be
mounted on an exhaust system of an internal engine of a
vehicle for measuring a concentration of a specific gas such
as oxygen or nitrogen oxide contained in an exhaust gas as
a measurement gas. Such gas sensors includes ones that
include a sensor element for detecting a concentration of a
specific gas contained in a measurement gas, a first insulator
through which the sensor element is inserted to be held
therein, a second insulator disposed on the proximal side of
the first insulator so as to cover the proximal side of the
sensor element, and a contact member held by the second
insulator and being in contact with electrode terminals of the
sensor element. For example, refer to Japanese Patent Appli-
cation Laid-open No. 2003-43004.

The gas sensor described in this patent document includes
a positioning structure provided in the end surface on the
distal side of each of the first and second insulators for
positioning the first and second insulators. The positioning
structure of this gas sensor is configured to restrict move-
ments of the first and second insulators in the direction
perpendicular to the direction in which the sensor element is
resiliently restrained or held by an electrode spring serving
as the contact member. Restricting movements of the first
and second insulators makes it possible to fix the positional
relationship between the sensor element and the electrode
spring in this direction to thereby provide a reliable electri-
cal continuity between them.

However, in the gas sensor described in the above patent
document, movements of the first and second insulators in
the direction in which the sensor element is resiliently held
are not restricted. Accordingly, the sensor element may
move in the direction in which the sensor element is resil-
iently held by the electrode spring at the time of assembling
the gas sensor, for example.

Therefore, it may occur that electrical continuity between
the sensor element and the electrode spring becomes insuf-
ficient due to sensor-to-sensor variation in the spring load
applied to the sensor element. Meanwhile, there is a strong
demand to make such a gas sensor compact in size for the
purpose of improving its performance (early activation, for
example) and reducing its manufacturing cost. As the size of
the gas sensor becomes smaller, the required assembly
accuracy becomes higher, and accordingly the above prob-
lem becomes more pronounced.

SUMMARY

An exemplary embodiment provides a gas sensor includ-
ing:

a sensor element for detecting a concentration of a spe-
cific gas contained in a measurement gas;

a first insulator inside which the sensor element is inserted
and held;
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2

a second insulator disposed on a proximal side of the first
insulator so as to cover a proximal side of the sensor
element; and

a contact member held by the second insulator and
sandwiching the sensor element in a state of being in contact
with an electrode terminal of the sensor element,

wherein

a proximal end portion of the first insulator and a distal
end portion of the second insulator abut on each other in an
axial direction of the gas sensor, and

each of the proximal end portion of the first insulator and
the distal end portion of the second insulator is provided
with a positioning structure,

the positioning structure being configured to restrict a
relative movement between the first and second insulators in
a sandwiching direction in which the sensor element is
sandwiched by the contact member and in an orthogonal
direction perpendicular to the sandwiching direction and in
the axial direction.

According to the exemplary embodiment, there is pro-
vided a gas sensor which is high in assembly accuracy, and
can prevent reduction of the spring load of its contact
member and a resultant defective electrical continuity.

Other advantages and features of the invention will
become apparent from the following description including
the drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a cross-sectional view of a gas sensor according
to an embodiment of the invention;

FIG. 2 is a partial cross-sectional view of the gas sensor
showing its first and second insulator and their vicinities;

FIG. 3A is a front view of the first insulator;

FIG. 3B is a diagram showing the first insulator as viewed
from the axially proximal side thereof;

FIG. 4A is a front view of the second insulator;

FIG. 4B is a diagram showing the second insulator as
viewed from the axially distal side thereof;

FIG. 5 is a cross-sectional view showing the structure of
the second insulator;

FIG. 6 is a diagram showing a sensor element included in
the gas sensor as viewed from the axially distal side of the
second insulator in a state where the sensor element is held
by a contact member; and

FIG. 7 is a cross-sectional view of FIG. 2 taken along line
VII-VIL

PREFERRED EMBODIMENTS OF THE
INVENTION

In the below-described embodiments, the term “distal
side” refers to the side of a gas sensor at which the gas sensor
is exposed to a measurement gas, and the term “proximity
side” refers to the side of the gas sensor opposite to the distal
side.

First Embodiment

A gas sensor 1 according to an embodiment of the
invention is with reference to FIGS. 1 to 7. As shown in
FIGS. 1 to 7, the gas sensor 1 according to this embodiment
includes a sensor element 2 for detecting a concentration of
a specific gas contained in a measurement gas, a first
insulator 3 through which the sensor element 2 is inserted to
be held therein, a second insulator 4 disposed on the
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proximal side of the first insulator 3 so as to cover the
proximal side of the sensor element 2 and contact members
5 held by the second insulator 4 so as to be in contact with
electrode terminals 221 of the sensor element 2 to resiliently
hold the sensor element 2.

The proximal end portion 32 of the first insulator 3 and the
distal end portion 41 of the second insulator second insulator
4 abut against each other in the axial direction X of the gas
sensor. A positioning structure 10 is provided in each of the
proximal end portion 32 of the first insulator and the distal
end portion 41 of the second insulator 4. The positioning
structure 10 is configured to restrict a relative movement
between the first insulator 3 and the second insulator 4 in the
sandwiching direction Y in which the sensor element 2 is
sandwiched by the contact members 5 and in the orthogonal
direction Z perpendicular to the sandwiching direction Y and
the axial direction X.

As shown in FIG. 1, the sensor element 2 is inserted and
held inside the first insulator 3. The first insulator 3 is held
inside a housing 11.

As shown in FIG. 2, a sealing member 191 made of filling
material is disposed between the first insulator 3 and the
housing 11. An insulating member 192 made of insulating
material is disposed on the proximal side of the sealing
member 191. A metal ring member 193 having an approxi-
mately planar shape is disposed on the proximal side of the
insulating member 192. The sealing member 191, the insu-
lating member 192 and the metal ring member 193 are
swaged and fixed in a state of being pressed in the direction
from the proximal side to the distal side by a swage cover
portion 111 formed by bending the proximal end portion of
the housing 11 inwardly, so that the space between the first
insulator 3 and the housing 11 is hermeticaly sealed. In this
embodiment, the filling material of the sealing member 191
is talc.

As shown in FIG. 1, on the distal side of the housing 11,
there is provided a double-structured distal-side cover 12
constituted of an inner cover 121 covering the distal end
portion 21 of the sensor element 2 and an outer cover 122
disposed outside the inner cover 121. Each of the inner cover
121 and the outer cover 122 is formed with air holes 123 for
introducing and discharging the measurement gas.

Afirst proximal-side cover 13 is fixed to the proximal side
of'the housing 11 so as to cover the proximal end portion 22
of the sensor element 2. A second proximal-side cover 14 is
fixed to the proximal side of the first proximal-side cover 13.
The second proximal-side cover 14 is formed with air holes
141 for introducing air. The second proximal-side cover 14
is formed with an opening at its proximal side, which is
closed by a sealing member 15 such as a rubber bushing.
Four lead members 16 are disposed so as to penetrate
through the sealing member 15 to be connected externally.

As shown in FIGS. 2 and 5, the second insulator 4
covering the proximal end portion 22 of the sensor element
2 is disposed on the proximal side of the first insulator 3
within the first proximal-side cover 13. The second insulator
4 is formed with an inner space 44 for accommodating
therein the proximal end portion 22 of the sensor element 2.
The proximal end portion 42 of the second insulator 4 is
formed with four insertion holes 421 through which the
contact members 5 penetrate, respectively. The insertion
holes 421 are in communication with the inner space 44 in
the axial direction X.

As shown in FIG. 2, the contact members 5 are held inside
the inner space 44 of the second insulator 4. The contact
members 5 are constituted of four spring terminals 51
formed by bending a metal plate. Each of the spring termi-
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nals 51 is connected to a corresponding one of leads 16.
Each of the spring terminals 51 is inserted through a
corresponding one of the insertion holes 421 formed in the
second insulator 4, and supported by the inner wall surface
440 of the inner space 44. Each of the spring terminals 51
is accommodated within the inner space 44 in a state of
being bent inward. Each of the spring terminals 51 includes
a contact portion 511 formed in its portion bent inward,
which is in contact with a corresponding one of the electrode
terminals 221.

As shown in FIG. 6, the inner wall surface 440 is formed
with four separating portions 441 (see FIGS. 4 and 5) for
preventing the spring terminals 51 from contacting with one
another within the inner space 44. As shown in FIG. 5, the
second insulator 4 is formed with a distal concave portion 43
at its distal end. The distal end surfaces 442 of the separating
portions 441 are located closer to the proximal side than the
bottom surface 439 of the distal concave portion 43 is so that
the distal end portions 442 of the separating portions 441 are
not located flush with the bottom surface 439 of the distal
concave portion 43. As a result, since increase of the
molding density during pressure molding at the corners
between the inner wall surface 440 and the surfaces of the
separating portions 441 can be prevented from occurring
near the bottom surface 439 of the distal concave portion 43,
surface undulation of the bottom surface 439 after a firing
process can be suppressed. Hence, as described later, it
becomes possible to prevent occurrence of breakage or
cracks in the bottom surface 439 due to stress concentration
in the bottom surface 439 when the abutment surface 329 of
the first insulator 3 abuts on the bottom surface 439 of the
distal concave portion 43 of the second insulator 4. Prefer-
ably, the distance between the distal end surface 442 of the
separating portions 441 and the bottom surface 439 of the
distal concave portion 43 is between 0.4 mm and 0.8 mm.

As shown in FIG. 6, each of the principal surfaces 201 and
202 of the proximal end portion 22 of the sensor element 2
is provided with a pair of the electrode terminals 221. Two
of the spring terminals 51 are disposed to be in contact with
a principal surface 201 of the sensor element 2, and the other
two of the spring terminals 51 are disposed to be in contact
with the other principal surface 202 of the sensor element 2.
Each of the spring terminals 51 includes a terminal portion
which contacts with a corresponding one of the electrode
terminals 221 of the sensor element 2. Accordingly, the
sensor element 2 is sandwiched by the four spring terminals
at its both principal surfaces 201 and 202. In this embodi-
ment, the width of the sensor element 2 in the orthogonal
direction Z perpendicular to the sandwiching direction Y is
3.9 mm.

As shown in FIG. 2, the proximal end portion 32 of the
first insulator 3 is formed in a cylindrical shape. As shown
in FIGS. 3A and 3B, the proximal end portion 32 of the first
insulator 3 is formed with the abutment surface 329 which
abuts on the distal end portion 41 of the second insulator 4.

As shown in FIGS. 4A and 4B, the distal end portion 41
of the second insulator 4 is formed with the distal concave
portion 43 dented toward the proximal side. As shown in
FIG. 5, the distal concave portion 43 is in communication
with the inner space 44 along the axial direction X. The inner
diameter of the distal concave portion 43 is larger than the
outer diameter of the proximal end portion 32 of the first
insulator 3.

As shown in FIG. 2, the proximal end portion 32 of the
first insulator 3 and the distal end portion 41 of the second
insulator 4 abut on each other in the axial direction X. More
specifically, the abutment surface 329 of the first insulator 3
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abuts on the bottom surface 439 of the distal concave portion
43 of the second insulator 4. The proximal end portion 32 of
the first insulator 3 is accommodated in the distal concave
portion 43 of the second insulator 4. The distal concave
portion 43 of the second insulator 4 covers the entire
circumference of the proximal end portion 32 of the first
insulator 3.

As shown in FIG. 7, each of the proximal end portion 32
of the first insulator 3 and the distal end portion 41 of the
second insulator 4 is formed with the positioning structure
10. The positioning structure 10 is constituted of the outer
peripheral surface 320 of the proximal end portion 32 of the
first insulator 3 and the inner peripheral surface 430 of the
distal concave portion 43 of the second insulator 4. The
positioning structure 10 is configured to restrict a relative
movement in each of the sandwiching direction Y and the
orthogonal direction Z perpendicular to the sandwiching
direction Y between the first insulator 3 and the second
insulator 4.

More specifically, the inner peripheral surface 430 of the
distal concave portion 43 of the second insulator 4 includes
a pair of planar surface portions 431 parallel to each other
and radially opposite to each other and a pair of convex
curved surface portions 432 connecting between the pair of
planar surface portions 431. The planar surface portion 431
is formed so as to extend linearly in the orthogonal direction
Z perpendicular to the sandwiching direction Y, and have its
cross section perpendicular to the axial direction X. The
curved surface portion 432 is formed to have a convex
circular-arc shape in its cross section perpendicular to the
axial direction X.

The outer peripheral surface 320 of the proximal end
portion 32 of the first insulator 3 has a shape complementary
to that of the inner peripheral surface 430 of the distal
concave portion 43 of the second insulator 4. That is, the
outer peripheral surface 320 includes a pair of planar surface
portions 321 facing the pair of the planar surface portions
431 of the second insulator 4, and a pair of curved surface
portions 322 connecting between the pair of planar surface
portions 321. The planar surface portion 321 is formed so as
to extend linearly in the orthogonal direction Z perpendicu-
lar to the sandwiching direction Y, and have its cross section
perpendicular to the axial direction X. The curved surface
portion 322 is formed to have a concave circular-arc shape
in its cross section perpendicular to the axial direction X.

Since the outer peripheral surface 320 of the proximal end
portion 32 of the first insulator 3 and the inner peripheral
surface 430 of the distal concave portion 43 of the second
insulator 4 fit each other, movements of the first and second
insulators 3 and 4 in the sandwiching direction Y and the
orthogonal direction Z are restricted. More precisely, since
the planar surface portions 321 and the curved surface
portions 322 of the outer peripheral surface 320 of the
proximal end portion 32 of the first insulator 3 respectively
fit the planar surface portions 431 and the curved surface
portions 432 of the inner peripheral surface 430 of the distal
concave portion 43 of the second insulator 4, movements of
the first and second insulators 3 and 4 in the sandwiching
direction Y and the orthogonal direction Z are restricted.

Further, since the outer peripheral surface 320 of the
proximal end portion 32 of the first insulator 3 and the inner
peripheral surface 430 of the distal concave portion 43 of the
second insulator 4 are formed so as to face and mate with
each other at their planar surface portions 321 and 431, the
first and second insulators 3 and 4 do not rotate in the
circumferential direction relative to each other. That is,
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6

relative movement in the circumferential direction between
the first and second insulators 3 and 4 are restricted.

As shown in FIG. 2, a disc spring 17 having an annular
shape is disposed between the proximal end portion 42 of the
second insulator 4 and the first proximal-side cover 13. The
second insulator 4 is held in a state of being pressed toward
the distal side, that is, toward the side of the first insulator
3 by the disc spring 17. Accordingly, movements in the axial
direction X of the first and second insulators 3 and 4 are
restricted. The load of the disc spring 17 may be set as low
as between 0.4 and 1.0 kN so that movement of the second
insulator 4 relative to the first insulator 3 is sufficiently
restricted, and also cracks do not occur in the second
insulator 4.

The gas sensor 1 described above provides the following
advantages. The proximal end portion 32 of the first insu-
lator 3 and the distal end portion 41 of the second insulator
4 abut on each other in the axial direction X. Each of the
proximal end portion 32 of the first insulator 3 and the distal
end portion 41 of the second insulator 4 is provided with the
positioning structure 10. The positioning structure 10 is
configured to restrict relative movement in the sandwiching
direction Y and the orthogonal direction Z perpendicular to
the sandwiching direction Y between the first insulator 3 and
the second insulator 4.

Since the first and second insulators 3 and 4 are restricted
from moving relative to each other in the sandwiching
direction Y, the sensor element 2 held by the first insulator
3 can be positioned accurately by the contact members 5
held by the second insulator 4. Accordingly, since variations
of the loads applied to both sides of the sensor element 2 in
the sandwiching direction Y by the contact members 5 are
small, defective electrical continuity due to reduction of the
spring load at one of both sides of the sensor element 2 can
be prevented.

Further, the first and second insulators 3 and 4 are
restricted from moving relative to each other also in the
orthogonal direction perpendicular to the sandwiching direc-
tion Y. Accordingly, the electrode terminals 221 of the sensor
element 2 held by the first insulator 3 can be accurately
reliably contacted with the contact members 5 held by the
second insulator 4 during assembly. As a result, positional
deviation in the orthogonal direction Z between the elec-
trode terminals 221 of the sensor element 2 and the contact
members 5 can be suppressed to thereby prevent deviation
of the contact members 5 and a resultant defective electrical
continuity.

Further, since the positioning structure 10 restricts relative
movement in the sandwiching direction Y and the orthogo-
nal direction Z perpendicular to the sandwiching direction Y
between the first insulator 3 and the second insulator 4 as
described above, it is possible to assemble the first and
second insulators 3 and 4 in place with a high degree of
accuracy. Accordingly, the gas sensor 1 can be made suffi-
ciently small in size without impairing assembly accuracy.

The distal end portion 41 of the second insulator 4 is
formed with the distal concave portion 43 which is dented
toward the proximal side, and covers the entire circumfer-
ence of the proximal end portion 32 of the first insulator 3.
The positioning structure is constituted of the outer periph-
eral surface 320 of the proximal end portion 32 of the first
insulator 3 and the inner peripheral surface 430 of the distal
concave portion 43 of the second insulator 4, which are
fittable to each other. Accordingly, movements in the sand-
wiching direction Y and the orthogonal direction Z of the
first and the second insulators 3 and 4 can be restricted
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further reliably, and assembly of the first and second insu-
lators 3 and 4 can be further facilitated.

The proximal end portion 32 of the first insulator 3 is
formed with the abutment surface 329 for abutment with the
distal end portion 41 of the second insulator 4. The abutment
surface 329 abuts on the bottom surface 439 of the distal
concave portion 43 of the second insulator 4. Accordingly,
the first and second insulators 3 and 4 can be positioned in
place in the axial direction X accurately and easily.

The outer peripheral surface 320 of the proximal end
portion 32 of the first insulator 3 and the inner peripheral
surface 430 of the distal concave portion 43 of the second
insulator 4 include the planar surface portions 321 and 431,
respectively, which are opposite to each other. Accordingly,
the first and second insulators 3 and 4 can be prevented from
rotating in the circumferential direction relative to each
other. That is, the first and second insulators 3 and 4 can be
prevented from moving circumferentially by the provision
of the planar surface portions 321 and 431. Also, the
provision of the planar surface portions 321 and 431 facili-
tates assembling between the first and second insulator 3 and
4.

The inner peripheral surface 430 of the distal concave
portion 43 of the second insulator 4 includes the pair of the
planar surface portions 431 radially opposite to each other,
while on the other hand, the outer peripheral surface 320 of
the proximal end portion 32 of the first insulator 3 includes
the pair of the planar surface portions 321 mating with the
pair of planar surface portions 431. Accordingly, the first and
second insulators 3 and 4 can be further reliably restricted
from moving circumferentially, and assembling between the
first and second insulator 3 and 4 can be further facilitated.

The first and second insulators 3 and 4 are pressed and
held in a state of abutting on each other in the axial direction
by the disc spring 17. Accordingly, the first and second
insulators 3 and 4 can be restricted from moving in the axial
direction X. This makes it possible to further increase the
accuracy of positioning of the first and second insulators 3
and 4.

As explained above, according to the embodiment
described above, there is provided the gas sensor 1 which is
excellent in assembling accuracy, and resistant to deviation
of the contact members 5 and to a resultant defective
electrical continuity.

In the above embodiment, the positioning structure 10 is
constituted of the outer peripheral surface 320 of the proxi-
mal end portion 32 of the first insulator 3 and the inner
peripheral surface 430 of the distal concave portion 43 of the
second insulator 4, which mate with each other. However, to
further reliably restrict movements of the first and second
insulators 3 and 4 in the sandwiching direction Y, the
orthogonal direction 7Z and the circumferential direction,
each of the outer peripheral surface 320 of the proximal end
portion 32 of the first insulator 3 and the inner peripheral
surface 430 of the distant concave portion 43 of the second
insulator 4 may be formed with a projection and a recess
which are complementary to each other.

The above explained preferred embodiments are exem-
plary of the invention of the present application which is
described solely by the claims appended below. It should be
understood that modifications of the preferred embodiments
may be made as would occur to one of skill in the art.

In the above embodiment, the number of pieces of each of
the lead members 16 and the contact members 5 is four.
However, the present invention is applicable to a case where
the number of them is other than four. That is, they may be
less than four, or five or more in number.
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What is claimed is:

1. A gas sensor comprising:

a sensor element for detecting a concentration of a spe-
cific gas contained in a measurement gas;

a first insulator inside which the sensor element is inserted
and held;

a second insulator disposed on a proximal side of the first
insulator so as to cover a proximal side of the sensor
element; and

at least one contact member held by the second insulator
and sandwiching the sensor element in a state of being
in contact with an electrode terminal of the sensor
element,

wherein

a proximal end portion of the first insulator and a distal
end portion of the second insulator abut on each other
in an axial direction of the gas sensor,

each of the proximal end portion of the first insulator and
the distal end portion of the second insulator is pro-
vided with a positioning structure,

the distal end portion of the second insulator is formed
with a distal end concave portion dented toward a
proximal side thereof and covering an entire circum-
ference of the proximal end portion of the first insula-
tor, and the positioning structure comprises a projection
including a perimeter that is part of an outer peripheral
surface of the proximal end portion of the first insulator
and comprises an inner peripheral surface of the distal
concave portion of the second insulator,

the inner peripheral surface of the distal concave portion
of the second insulator and the outer peripheral surface
of the proximal end portion of the first insulator are
fitted to each other so that the inner peripheral surface
completely surrounds the perimeter,

the positioning structure is configured to restrict a relative
movement between the first and second insulators in a
sandwiching direction in which the sensor element is
sandwiched by the contact member and in an orthogo-
nal direction perpendicular to the sandwiching direc-
tion and in the axial direction by fitting the inner
peripheral surface of the distal concave portion of the
second insulator to the outer peripheral surface of the
proximal end portion of the first insulator, and

the proximal end portion of the first insulator is formed
with an abutment surface for abutment with the distal
end portion of the second insulator, the abutment
surface abutting directly on a bottom surface of the
distal concave portion of the second insulator.

2. The gas sensor according to claim 1, wherein the

contact member is four or more in number.

3. The gas sensor according to claim 1, wherein the distal
end concave portion covering the entire circumference of the
proximal end portion of the first insulator restricts the
relative movement between the first and second insulators in
the sandwiching direction and in the orthogonal direction
perpendicular to the sandwiching direction.

4. The gas sensor according to claim 1, further comprising
an intermediate member disposed between a cover and the
second insulator, the second insulator being pressed by the
intermediate member.

5. The gas sensor according to claim 1, wherein the outer
peripheral surface of the proximal end portion of the first
insulator includes at least one first planar surface portion at
the perimeter, and the inner surface of the distal concave
portion of the second insulator includes at least one second
planar surface portion mating with the first planar surface
portion.
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6. The gas sensor according to claim 5, wherein the inner
peripheral surface of the distal concave portion of the second
insulator includes a pair of the second planar surface por-
tions parallel to each other and radially opposite to each
other, and the outer peripheral surface of the proximal end
portion of the first insulator includes, at the perimeter, a pair
of the first planar surface portions each mating with a
corresponding one of the pair of the second planar surface
portions.
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