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A gas sensor includes: a sensor element including a sensing
part on one end portion thereof; a casing; and a connector
disposed in the casing to electrically connect the sensor
element to an outside, wherein the casing includes: an outer
tube including a main portion in which a reference gas is
included and a sealing portion with a diameter smaller than
the main portion so that another end portion of the sensor
element protrudes to the main portion; a rubber seal member
fitted into the sealing portion; and a spacer intervening
between the seal member and the connector, and the spacer
is secured by being sandwiched between the connector and
the seal member due to friction force acting on a contact
surface with the seal member which occurs by that load acts
on the spacer from the seal member in accordance with
reduction in the diameter by swaging.
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GAS SENSOR AND CASING FOR
CONTAINING SENSOR ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2022-058995, filed on Mar. 31, 2022, the
contents of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a gas sensor and, in
particular, to securing of a spacer disposed in a casing for
containing a sensor element.

Description of the Background Art

[0003] As a device for measuring a concentration of a
predetermined gas component in a measurement gas, such as
a combustion gas and an exhaust gas from an internal
combustion engine typified by an engine of a vehicle, a gas
sensor including a sensor element formed of oxygen-ion
conductive solid electrolyte ceramics, such as zirconia
(ZrO,), has been conventionally known.

[0004] As the gas sensor, a gas sensor having a configu-
ration in which an elongated planar sensor element (detec-
tion element) including oxygen-ion conductive ceramics
(e.g., yttria stabilized zirconia) as a main constituent mate-
rial thereof is contained in a tubular containment member
(casing) made of metal has widely been known. The gas
sensor is attached along an exhaust path of the internal
combustion engine, and is used to sense the predetermined
gas component in the exhaust gas and to measure the
concentration thereof.

[0005] One end portion of the casing has an opening, and
a seal member made of rubber is fit into the opening. A
protective cover through which the exhaust gas can enter
and exit is attached to the other end portion of the casing.
The sensor element is contained in the casing while a portion
between the both end portions is sealed to be airtight. This
allows one end portion of the sensor element to be in contact
with a reference gas (typically, ambient air) in the casing on
a side of the one end portion of the casing, and allows the
other end portion of the sensor element to be exposed in the
protective cover to be in contact with the exhaust gas on a
side of the other end portion of the casing in the gas sensor.
The reference gas and the exhaust gas are not in contact with
each other.

[0006] The seal member made of rubber is fit into the
opening of the casing after a lead for electrically connecting
the sensor element to an outside is inserted into a through
hole formed in advance, and the fit portion of the casing is
swaged from a side part thereof together with the seal
member to prevent ingress of water from outside through the
opening.

[0007] A contact point holding member (connector) made
of ceramic including a connection terminal for being elec-
trically connected to the sensor element is disposed in the
casing, and the lead lines connected to the connection
terminal pass through the seal member to extend outside. In
such a case, also already known is a configuration that a
member made of ceramic, for example, referred to as a
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spacer or a separator is disposed between the seal member
and the contact point holding member for a purpose of
isolation or heat insulation (refer to Japanese Patent No.
6787810, for example). A position of the member such as the
spacer is preferably secured so that a member such as an
electrode is not broken due to vibration from outside or
application of impact, for example.

[0008] In a gas sensor disclosed in Japanese Patent No.
6787810, an end portion of a sensor element referred to as
a detection element is contained in a contact point holding
member referred to as a tip end side separator, and a spacer
member referred to as a back end side separator intervenes
between a seal member referred to as a block member and
the tip end side separator.

[0009] A position of the back end side separator in a
longitudinal direction (axial direction) is fixed by sandwich-
ing the back end side separator between the block member
and the tip end side separator. In the meanwhile, a position
of'the back end side separator in a direction (radial direction)
perpendicular to the axial direction is fixed by forming a
convex-concave structure on each of an end surface of the
tip end side separator and an end surface of the back end side
separator so as to fit each other and fitting those convex-
concave portions.

[0010] It is not preferable to provide the convex-concave
structure for fitting the contact point holding member and
the spacer to each other as disclosed in Japanese Patent No.
6787810 by reason that such a structure causes increase in
manufacturing cost from a viewpoint that processing is
complex and positioning (phase focusing) in assembling
needs to be performed.

[0011] There is a growing demand for shortening (reduc-
ing a length) and downsizing of a gas sensor due to a
narrowed component attachment space of the internal com-
bustion engine in recent years. The configuration that the
contact point holding member and the spacer having the
convex-concave structure are fitted to each other as dis-
closed in Japanese Patent No. 6787810 is disadvantageous
from a viewpoint of shortening and downsizing in both the
axial direction and the radial direction in a point that fitting
portions need to be ensured.

SUMMARY

[0012] The present invention is directed to a gas sensor
and, in particular, to securing of a spacer disposed in a casing
for containing a sensor element.

[0013] According to the present invention, a gas sensor for
sensing a predetermined gas component contained in a
measurement gas, the gas sensor includes: a sensor element
including a sensing part on one end portion thereof; a casing
in which the sensor element is contained and secured; and a
connector disposed in the casing to electrically connect the
sensor element to an outside, wherein the casing includes: an
outer tube including a main portion in which a reference gas
is included and a sealing portion being an end portion having
a smaller diameter than the main portion, another end
portion of the sensor element protrudes to the main portion,
a rubber seal member fitted into the sealing portion to seal
the outer tube, and a ceramic spacer intervening between the
seal member and the connector in the outer tube. A prede-
termined position on a lateral side of the sealing portion is
a swaging portion swaged from an outside, and the outer
tube is sealed with reduction in a diameter of the seal
member in the swaging portion. The spacer includes: a first
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end surface being flat and having contact with the connector,
and a second end surface being flat and having contact with
the seal member. The spacer is secured by being sandwiched
between the connector and the seal member due to friction
force between the spacer and the seal member acting on the
second end surface which occurs by that predetermined load
acts on the spacer from the seal member in accordance with
reduction in the diameter of the seal member in the swaging
portion.

[0014] According to the invention, in the gas sensor hav-
ing the configuration that both end surfaces of the spacer are
flat, the end surfaces have surface contact with the connector
and the seal member, respectively, and the spacer is not
constrained from the lateral side, the securement of the
spacer by sandwiching with the connector and the seal
member is implemented.

[0015] It is preferable that when an outer diameter of the
seal member in a portion other than the swaging portion is
A, an outer diameter of the seal member in the swaging
portion is B, a distance from a contact surface of the seal
member having contact with the second end surface to the
swaging portion is C, a width of the swaging portion is D,
k is a proportional constant, and the predetermined load is F,
F=k-(A-B)D/C is satisfied, and when a minimum value of
the predetermined load for sandwiching and securing the
spacer by the connector and the seal member is F,,,,, and a
value of the predetermined load in a case where a contact
point deviation occurring between the connector and the
sensor element coincides with a maximum allowable range
is F .0 Fou/k=(A-B)D/C<F,,  /k is satisfied.

[0016] In such a case, the spacer can be stably secured by
being sandwiched between the connector and the seal mem-
ber without occurrence of the contact point deviation
exceeding the allowable range between the connector and
the sensor element.

[0017] Accordingly, the object of the present invention is
to provide a gas sensor in which a spacer is stably secured
without a complex structure.

[0018] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a main-part cross-sectional view along a
length of a gas sensor 100.

[0020] FIG. 2 is a diagram illustrating a contact point
deviation distance of the gas sensor 100 in a level 1 to a level
4 as a margin for a contact point deviation allowable
distance.

[0021] FIG. 3 is a cross-sectional view along a length of
a sensor element 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Configuration of Gas Sensor

[0022] FIG. 1 is a partial cross-sectional view along a
length of a gas sensor 100 (more particularly, a main body
thereof) according to an embodiment of the present inven-
tion. More particularly, a cross-sectional view of the gas
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sensor 100 is illustrated above a break line ZL., and only
appearance of the gas sensor 100 is illustrated below the
break line ZL.

[0023] The gas sensor 100 is for detecting a predetermined
gas component (e.g., NOx) using a sensor element 10
included therein. The gas sensor 100 generally has a con-
figuration in which an elongated columnar or laminar sensor
element (detection element) 10 is surrounded by a tubular
body 1, a protective cover 2, a securing bolt 3, and an outer
tube 4. The tubular body 1, the protective cover 2, and the
outer tube 4 as a whole constitute a containment member
(casing) for containing the sensor element 10 therein. On the
other hand, the securing bolt 3 is fit around an outer side
surface of the tubular body 1.

[0024] The sensor element 10 is disposed coaxially with
the tubular body 1, the protective cover 2, the securing bolt
3, and the outer tube 4. A direction of extension of a central
axis of the sensor element 10 is also referred to as an axial
direction. In FIG. 1, the axial direction matches an up-down
direction in FIG. 1.

[0025] More particularly, one end portion (e.g., a first end
portion E1 in FIG. 3) of the sensor element 10 is surrounded
by the protective cover 2, the other end portion of the sensor
element 10 protrudes into the outer tube 4, and a substan-
tially middle portion between the end portions is secured in
the tubular body 1 by an unillustrated ceramic green com-
pact or ceramic component while being sealed to be airtight.

[0026] The sensor element 10 includes a sensing part (e.g.,
a gas inlet, an internal chamber, and a sensing electrode) on
a side of the one end portion thereof surrounded by the
protective cover 2. The sensor element 10 further includes
various electrodes and wiring patterns on a surface of and in
an element body thereof.

[0027] For example, in one aspect of the sensor element
10, a measurement gas introduced into the element is
reduced or decomposed in the element to generate oxygen
ions. The gas sensor 100 including the sensor element 10
having such a configuration determines the concentration of
a gas component to be sensed in the measurement gas based
on a quantity of oxygen ions flowing through the element
proportional to the concentration of the gas component.

[0028] The tubular body 1 is a metal tubular member also
referred to as a main metal fitting. The tubular body 1 is
barely exposed to an outside of the gas sensor 100, and
extends from an upper end portion in FIG. 1 of the protective
cover 2 to a lower end portion in FIG. 1 of the outer tube 4.
The sensor element 10 and a securing component (the
ceramic green compact or the ceramic component) fit around
the sensor element 10 are contained in the tubular body 1. In
other words, the tubular body 1 is further fit around the fit
component, which is fit around the sensor element 10.

[0029] The protective cover 2 is a substantially cylindrical
exterior member for protecting a predetermined range of the
first end portion E1 of the sensor element 10 to be in direct
contact with the measurement gas when being in use. The
protective cover 2 is secured to a lower end portion in FIG.
1 of the tubular body 1 by welding.

[0030] The protective cover 2 has a plurality of through
holes H through which gas can pass. The measurement gas
flowing into the protective cover 2 through the through holes
H is a direct sensing target of the sensor element 10. The
types, the numbers, the locations, and the shapes of the
through holes illustrated in FIG. 1 are just examples, and
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may be determined as appropriate in view of flow of
measurement gas into the protective cover 2 into consider-
ation.

[0031] The securing bolt 3 is an annular member used
when the gas sensor 100 is secured to a measurement
location. The securing bolt 3 includes a threaded bolt portion
3a and a holding portion 35 held when the bolt portion 3a
is engaged. The bolt portion 3a engages with a nut disposed
at an attachment location of the gas sensor 100. The gas
sensor 100 is thereby secured at the measurement location
with a side of the protective cover 2 thereof being in contact
with a gas to be measured. For example, the bolt portion 3
a engages with a nut portion disposed on an exhaust pipe of
a vehicle so that the gas sensor 100 is secured to the exhaust
pipe with the side of the protective cover 2 thereof being
exposed in the exhaust pipe.

[0032] The outer tube 4 is a cylindrical member having
one end portion (a lower end portion in FIG. 1) is secured
to an outer peripheral end portion of unillustrated upper side
of the tubular body 1 by welding. The outer tube 4 includes
a main portion 4a extending from a part where the outer tube
4 is secured to the tubular body 1 by welding to have a
constant diameter in the axial direction, and a sealing portion
4b contiguous with the main portion 4a in the axial direc-
tion. The sealing portion 45 is an end portion having a
smaller diameter than the main portion 4a.

[0033] An internal space of the outer tube 4 is a reference
gas (ambient air) atmosphere. A connector (also referred to
as a contact point holding member) 5 and the spacer 7 are
disposed in the main portion 4a.

[0034] On the other hand, the sealing portion 44 is a
portion laterally swaged with the seal member 6 being fit
into the sealing portion 45 to seal the other end portion (an
upper end portion in FIG. 1) of the outer tube 4.

[0035] The outer tube 4 is sealed by swaging an entire
circumference of the sealing portion 456 from outside in a
swaging portion S lateral to the seal member 6 in FIG. 1 so
that the seal member 6 generates radially outward reaction
force.

[0036] The seal member 6 is made of rubber. Thus, the
seal member 6 is also referred to as a rubber plug or a
grommet. The rubber to be used is typically fluororubber.
The seal member 6 has a uniform cylindrical shape before
being fitted into the sealing portion 45, but is deformed in a
radial direction by fitting and swaging. The seal member 6
has contact with the spacer 7 at an end surface 6a in the outer
tube 4 (a lower end portion in FIG. 1).

[0037] The other end portion (e.g., a second end portion
E2 in FIG. 3) of the sensor element 10 is inserted into the
connector 5. The connector 5 includes a plurality of contact
point members 51 made of metal to be in contact with a
plurality of electrode terminals 160 (see FIG. 3) of the
sensor element 10 when the sensor element 10 is inserted.
One end portion (a lower end portion in FIG. 1) of each of
the contact point members 51 is a hooked portion 51a
hooked to the connector 5, the other end portion (an upper
end portion in FIG. 1) of each of the contact point members
51 is a crimping portion 515 to which a lead 8 is secured by
crimping, and a portion between the end portions is a leaf
spring portion. The contact point members 51 are secured by
being sandwiched between the connector 5 and the sensor
element 10, so that the electrode terminals 160 of the sensor
element 10 and the contact point members 51 are electrically
connected.
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[0038] The connector 5 has contact with the spacer 7 at an
end surface 5e on a side opposite to a side on which the
sensor element 10 is inserted (an upper end portion in FIG.
1).

[0039] The spacer 7 is sandwiched (intervenes) between
the connector 5 and the seal member 6 in the outer tube 4.
The spacer 7 is provided to suppress increase in temperature
of the seal member 6 in using the gas sensor 100. Ceramics
is selected as a material of the spacer 7 from a viewpoint of
ensuring strength.

[0040] Preferably selected is ceramics having a thermal
conductivity of 32 W/m'K or less, which is suitable from a
viewpoint of heat insulating properties. More preferably,
alumina (thermal conductivity: 32 W/m-K) or steatite (ther-
mal conductivity: 2 W/m'K) is selected.

[0041] The spacer 7 has contact with the end surface Se of
the connector 5 at an end surface 7a on a side of one end
portion thereof (a lower end portion in FIG. 1), and has
contact with the end surface 6a of the seal member 6 at an
end surface 7e on a side of the other end portion (an upper
end portion in FIG. 1). Both the end surface 7a and the end
surface 7e of the spacer 7 are flat except for a through hole
9. Thus, in the gas sensor 100 according to the present
embodiment, the spacer 7 is secured by being sandwiched
between the connector 5 and the seal member 6 while the
connector 5 and the spacer 7 have surface contact with each
other, and the seal member 6 and the spacer 7 have surface
contact with each other.

[0042] Each of leads 8 is inserted into through holes 9
sequentially provided in the seal member 6 and the spacer 7,
and has one end portion secured to the crimping portion 515
of the contact point member 51 by crimping and the other
end portion connected to a controller 50 and various power
supplies (see FIG. 3) outside the gas sensor 100. The sensor
element 10 is thereby electrically connected to the controller
50 and the various power supplies through the contact point
members 51 and the leads 8. While only two contact point
members 51 and two leads 8 are illustrated in FIG. 1, they
are for ease of illustration, and the required number of leads
for electrical connection described above are actually pro-
vided.

[0043] The gas sensor 100 having the above configuration
can be manufactured by a method similar to a conventional
method. Schematically, prior to swaging at the swaging
portion S, the connector 5 into which the sensor element 10
has been inserted and in which the contact point members 51
have been connected to the leads 8 is disposed in the main
portion 4a of the outer tube 4 in advance. Subsequently, the
spacer 7 and the seal member 6 are then stacked on the
connector 5 in this order while the leads 8 are inserted into
the through holes 9 therein. The seal member 6 into which
the leads 8 are inserted is fitted into the sealing portion 45
before swaging. Typically, ambient air as the reference gas
has already entered the outer tube 4 before the seal member
6 is fit into sealing portion 4. The swaging portion S is
swaged by a predetermined swaging means after the seal
member 6 is fitted.

[0044] It is a favorable example to swage the swaging
portion S continuously extending over the outer periphery of
sealing portion 4b, however, the swaging portion S may
discontinuously extend in a circumferential direction of
sealing portion 4b as long as a favorable swaging securing
is achieved.
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Dimension Relationship in Seal Member

[0045] As described above, in the gas sensor 100 accord-
ing to the present embodiment, both the end portion 7a and
the end portion 7e of the spacer 7 are flat, and the end portion
7a and the end portion 7e have surface contact with the
connector 5 and the seal member 6, respectively. Accord-
ingly, the spacer 7 is secured by being sandwiched between
the connector 5 and the seal member 6 in the axial direction
(the up-down direction FIG. 1, the same applies to the
description hereinafter), but is not constrained from the
lateral side (radial direction) at all. However, in the gas
sensor 100, the seal member 6 satisfies a predetermined
dimension relationship in securing by swaging described
above, thus a stable securing state of the spacer 7 is achieved
in not only the axial direction but also the radial direction
perpendicular to the axial direction.

[0046] Schematically, this is achieved by using (static)
friction force occurring between the seal member 6 and the
spacer 7 in the radial direction. The friction force occurs as
a result that the seal member 6 generates reaction force
toward an outer side in the radial direction due to the
swaging of the swaging portion S by a predetermined
swaging means in a process of assembling the gas sensor
100 described above and is to be elongated and deformed in
the axial direction, thereby to apply the load to the spacer 7
in the axial direction so that the spacer 7 is pressed against
the connector 5. The friction force is proportional to a
predetermined friction coefficient and the axial direction
load acting on the spacer 7.

[0047] In the gas sensor 100 according to the present
embodiment, the swaging portion S is swaged in a manner
that the friction force described above preferably acts
between the seal member 6 and the spacer 7, thus the
movement of the spacer 7 in the radial direction is sup-
pressed even when external force acts on the spacer 7 due to
vibration, despite that both the end surfaces 7a and 7e are flat
and the spacer 7 and the connector 5 are not bound to each
other. That is to say, the spacer 7 is stably secured in the
radial direction.

[0048] It is preferable that dimensions A, B, C, and D
(unit: mm) in four positions in FIG. 1 described hereinafter
satisfy a predetermined relationship to stably achieve the
state where the spacer 7 is secured.

[0049] A: an outer diameter of the seal member 6 other
than the swaging portion S (or before swaging);

[0050] B: an outer diameter of the seal member 6 in the
swaging portion S (after swaging);

[0051] C: a distance from the end surface 6a to the
swaging portion S (referred to as a swaging pitch hereinaf-
ter); and

[0052] D: a width of the swaging portion S (referred to as
a swaging length hereinafter).

[0053] Firstly, when the axial direction load acting on the
spacer 7 from the seal member 6 in swaging is F, the axial
direction load F is considered to be proportional to a depth
of swaging (a difference of the outer diameter of the seal
member 6 before and after swaging) A-B and the swaging
length D and is inversely proportional to a pitch C. Thus, the
following relational expression is established:

F=k-(4-B)D/C (1)
Herein, a proportional constant k is a value determined

according to materials of the seal member 6 and the spacer
7.
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[0054] The value of the proportional constant k can be
obtained by Expression (1) when both values of the four
dimensions A, B, C, and D of the gas sensor 100 and the
value of the axial direction load F in the gas sensor are
already known.

[0055] As for the axial direction load F, there exists a
range appropriate to secure the spacer 7. That is to say, the
following expression is satisfied:

Fruin=SESF @

[0056] F,,,. a minimum value of the axial direction load
F (minimum axial direction load) in Expression (2), is a
minimum magnitude of the axial direction load F deter-
mined to be required to generate the friction force for
achieving the stable securing of the spacer 7, on a premise
of preferably performing swaging of the seal member 6.
[0057] In the meanwhile, F,, ., a maximum value of the
axial direction load F (maximum axial direction load), is a
magnitude of the axial direction load F when a distance
(referred to as a contact point deviation distance) of a
positional deviation for the contact point member 51 of the
connector 5 with respect to an electrode terminal 160 of the
sensor element 10 (referred to as a contact point deviation
hereinafter) coincides with a maximum allowable distance
(a contact point deviation allowable distance) which has
been previously set. The deviation may occur in the longi-
tudinal direction of the sensor element 10 caused by the
spacer 7, which has received the axial direction load F from
the seal member 6, making downward force in FIG. 1 act on
the connector 5. When the axial direction load F is exces-
sively large to exceed the maximum axial direction load F.,
the contact state between contact point member 51 of the
connector 5 and the electrode terminal 160 of the sensor
element 10 is no longer maintained due to force acting on the
connector 5 from the spacer 7 in swaging, thus the axial
direction load F needs to be equal to or smaller than the
maximum axial direction load F,, ..

[0058] When Expression (1) is assigned to Expression (2),
the following expression is satisfied:

F,./ks(4-B)D/C<F,, /k 3)

[0059] Expression (3) is a relational expression which is
desired to be satisfied by the dimensions A, B, C, and D in
four positions in achieving the stable securing of the spacer
7.

[0060] Described next is a specific setting of a range
indicated by Expression (3) by specifying the proportional

constant k, the minimum axial direction load F,,,,,, and the
maximum axial direction load F,, ..
[0061] The minimum axial direction load F,, ,,,, is assumed

to be 10 (N) based on a result of a preliminary experiment
previously performed to specify a relationship between the
magnitude of the axial direction load F and the quality of the
securing of the spacer 7.

[0062] Next, identification of the proportional constant k
is described. Table 1 shows a list of the values of four
dimensions A, B, C, and D in a case where a combination of
the values of the dimensions A, B, C, and D are changed in
four levels (a level 1 to a level 4), values of (A-B)D/C
calculated based on those values, and a result of determi-
nation whether or not the contact point deviation occurs in
the gas sensor 100 corresponding to each level. Twelve gas
sensors 100 were prepared in the level 1, ten gas sensors 100
were prepared in each of the level 2 and the level 3, and five
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gas sensors 100 were prepared in the level 4 to confirm
whether or not the contact point deviation occurred in each
level.

TABLE 1
Contact point
A B C D (A-B)D/C deviation
Level 1 11 9.4 2.3 4.4 3.06 Present
Level 2 11 9.4 2.3 2.4 1.67 None
Level 3 11 9.4 4.3 2.4 0.89 None
Level 4 11 9.4 6.3 2.4 0.61 None

[0063] It is confirmed by the preliminary experiment
which has been previously performed that the axial direction
load in the gas sensor 100 of the level 2 is 150 (N). Then,
in accordance with Table 1 and Expression (1), the following
expression is satisfied:

F=k1.67 (mm)=150 (N)

[0064] Thus, the value of the proportional constant k is
obtained as:

k=150/1.67=89.8 (N/mm)

[0065] Then, the following relational expression is estab-
lished by Expression (3).

F,,/89.8<(4-B)D/C<F,,, /39.8 (3a)

[0066] In the meanwhile, the maximum axial direction
load F,, . is the value which can be set based on the result
of the preliminary experiment considering a margin (unit:
%) for the contact point deviation allowable distance which
has been previously set.
[0067] FIG. 2 is a diagram illustrating a contact point
deviation distance of the gas sensor 100 in the level 1 to the
level 4 shown in Table 1 as the margin for the contact
deviation allowable distance.
[0068] The margin of the contact point deviation distance
for the contact point deviation allowable distance is
expressed by the following expression.
Margin (%)=100x(1-contact point deviation dis-
tance/contact point deviation allowable dis-
tance) 4

[0069] In accordance with Expression (4), a state where
the margin is 100% indicates that no contact point deviation
occurs, a state where the margin is 0% indicates that the
contact point deviation distance coincides with the contact
point deviation allowable distance, and a state where the
margin is negative indicates that the contact point deviation
distance exceeds the contact point deviation allowable dis-
tance.

[0070] Confirmed from FIG. 2 and Table 1 is that the
contact point deviation exceeding the contact point deviation
allowable distance occurs in almost all of the gas sensors
100 in the level 1, however, the contact point deviation
exceeding the contact point deviation allowable distance
does not occur in the gas sensor 100 in the level 2 to the level
4. However, it is confirmed that the margin is almost 100%
and the contact point deviation does not substantially occur
in the gas sensor 100 in the level 4, and on the other hand,
some gas sensor 100 in the level 2 has the margin of 0%.

[0071] Inlight of the above results, in the present embodi-
ment, a value slightly smaller than the axial direction load F
acting on the spacer 7 in the gas sensor 100 in the level 2 is
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set as the maximum axial direction load F,, .. Specifically,
the maximum axial direction load is set to 148 (N).

[0072] In such a case, the following relational expression
is introduced by assigning the values of F,, and F, ,_to
Expression (3a).

10/89.8=(4-B)D/C=148/89.8

0.11=(4-B)D/C=1.65 )

Expression (5) is nothing less than a specific relational
expression of Expression (3).

[0073] As described above, according to the present
embodiment, in the gas sensor having the configuration that
both end surfaces of the spacer are flat, the end surfaces have
surface contact with the connector and the seal member,
respectively, and the spacer is not constrained from the
lateral side, the securement of the spacer by sandwiching
with the connector and the seal member is implemented.
[0074] Furthermore, the dimensions A, B, C, and D of four
positions regarding the seal member satisfy Expression (3)
and further Expression (5), thus the spacer can be stably
sandwiched and secured without occurrence of the contact
point deviation exceeding the allowable range between the
connector and the sensor element. The spacer is stably
secured without a complex structure such that the spacer and
the connector are fitted to each other.

[0075] A value of a ratio S1/S2 between the area S1 of the
end surface 64 of the seal member 6 and the area S2 of end
surface 7e of the spacer 7 having contact with the end
surface 6 a is preferably within a range of 0.9 to 1.1 to
preferably and stably sandwiching and securing the spacer.
When the ratio S1/S2 is smaller than 0.9, the seal member
6 is deformed to escape to an outer side of the spacer 7 in
swaging, and significantly appears is that the axial direction
load is weakened and friction force decreases, thus such a
ratio is not preferable. A configuration that the ratio S1/S2
exceeds 1.1 requires to increase the diameter of the outer
tube 4 and increase the size of the gas sensor 100, thus such
a ratio is not preferable.

Example of Configuration of Sensor Element

[0076] A configuration of the sensor element 10 for detect-
ing NOx as an example of the sensor element 10 will finally
be described. FIG. 3 is a cross-sectional view along the
length of the sensor element 10 for detecting NOx. In this
case, the sensor element 10 is a so-called limiting current
type gas sensor element. FIG. 3 illustrates a pump cell power
supply 30, a heater power supply 40, and the controller 50
of the gas sensor 100 in addition to the sensor element 10.
[0077] As illustrated in FIG. 3, the sensor element 10
generally has a configuration that a portion of an elongated
planar element base 11 on the side of the first end portion E1
is covered with a porous leading-end protective layer 12.
The element base 11 includes an elongated planar ceramic
body 101 as a main structure, and main-surface protective
layers 170 (170a and 1704) are arranged on two main
surfaces of the ceramic body 101. Furthermore, in the sensor
element 10, the leading-end protective layer 12 (an inner
leading-end protective layer 12a¢ and an outer leading-end
protective layer 125) is disposed outside an end surface (a
leading end surface 101e of the ceramic body 101) and four
side surfaces on a side of one leading end portion.

[0078] In the present embodiment, end portions of the
ceramic body 101 and the sensor element 10 on the side of
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the first end portion E1 of the element base 11 are also
referred to as first end portions E1 and end portions of the
ceramic body 101 and the sensor element 10 on a side of the
second end portion E2 of the eclement base 11 are also
referred to as second end portions E2 for the sake of
convenience.

[0079] The ceramic body 101 is made of ceramics includ-
ing, as a main component, zirconia (yttrium stabilized
zirconia), which is an oxygen-ion conductive solid electro-
lyte. The ceramic body 101 is dense and airtight.

[0080] The sensor element 10 illustrated in FIG. 3 is a
so-called serial three-chamber structure type gas sensor
element including a first internal chamber 102, a second
internal chamber 103, and a third internal chamber 104
inside the ceramic body 101. That is to say, in the sensor
element 10, the first internal chamber 102 communicates,
through a first diffusion control part 110 and a second
diffusion control part 120, with a gas inlet 105 opening to the
outside on the side of the first end portion E1 of the ceramic
body 101 (to be precise, communicating with the outside
through the leading-end protective layer 12), the second
internal chamber 103 communicates with the first internal
chamber 102 through a third diffusion control part 130, and
the third internal chamber 104 communicates with the
second internal chamber 103 through a fourth diffusion
control part 140, in outline. A path from the gas inlet 105 to
the third internal chamber 104 is also referred to as a gas
distribution part. In the sensor element 10 according to the
present embodiment, the distribution part is provided
straight along the longitudinal of the ceramic body 101.
[0081] The first diffusion control part 110, the second
diffusion control part 120, the third diffusion control part
130, and the fourth diffusion control part 140 are each
provided as two slits vertically arranged in FIG. 3. The first
diffusion control part 110, the second diffusion control part
120, the third diffusion control part 130, and the fourth
diffusion control part 140 provide predetermined diffusion
resistance to the measurement gas passing therethrough. A
buffer space 115 having an effect of buffering pulsation of
the measurement gas is provided between the first diffusion
control part 110 and the second diffusion control part 120.
[0082] An outer pump electrode 141 is provided on an
outer surface of the ceramic body 101, and an inner pump
electrode 142 is provided in the first internal chamber 102.
Furthermore, an auxiliary pump electrode 143 is provided in
the second internal chamber 103, and a measurement elec-
trode 145 as the sensing part for directly sensing a gas
component to be measured is provided in the third internal
chamber 104. In addition, a reference gas inlet 106 which
communicates with the outside and through which the
reference gas is introduced is provided on the side of the
second end portion E2 of the ceramic body 101, and a
reference electrode 147 is provided in the reference gas inlet
106.

[0083] In the gas sensor 100 including the sensor element
10, the concentration of a NOx gas in the measurement gas
is calculated by a process as described below.

[0084] First, the measurement gas flowing into the pro-
tective cover 2 through the through holes H and introduced
into the first internal chamber 102 through the gas inlet 105
is adjusted to have an approximately constant oxygen con-
centration by a pumping action (pumping in or out of
oxygen) of a main pump cell P1, and then introduced into the
second internal chamber 103. The main pump cell P1 is an
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electrochemical pump cell including the outer pump elec-
trode 141, the inner pump electrode 142, and a ceramic layer
101a that is a portion of the ceramic body 101 present
between these electrodes. In the second internal chamber
103, oxygen in the measurement gas is pumped out of the
element by a pumping action of an auxiliary pump cell P2,
which is also an electrochemical pump cell, so that the
measurement gas is in a sufficiently low oxygen partial
pressure state. The auxiliary pump cell P2 includes the outer
pump electrode 141, the auxiliary pump electrode 143, and
a ceramic layer 1015 that is a portion of the ceramic body
101 present between these electrodes.

[0085] The outer pump electrode 141, the inner pump
electrode 142, and the auxiliary pump electrode 143 are each
formed as a porous cermet electrode (e.g., a cermet electrode
made of ZrO, and Pt that includes Au of 1%). The inner
pump electrode 142 and the auxiliary pump electrode 143 to
be in contact with the measurement gas are each formed
using a material having weakened or no reducing ability
with respect to a NOx component in the measurement gas.
[0086] NOx in the measurement gas caused by the auxil-
iary pump cell P2 to be in the low oxygen partial pressure
state is introduced into the third internal chamber 104, and
reduced or decomposed by the measurement electrode 145
provided in the third internal chamber 104. The measure-
ment electrode 145 is a porous cermet electrode also func-
tioning as a NOx reduction catalyst that reduces NOx
present in an atmosphere in the third internal chamber 104.
During the reduction or decomposition, a potential differ-
ence between the measurement electrode 145 and the ref-
erence electrode 147 is maintained constant. Oxygen ions
generated by the above-mentioned reduction or decomposi-
tion are pumped out of the element by a measurement pump
cell P3. The measurement pump cell P3 includes the outer
pump electrode 141, the measurement electrode 145, and a
ceramic layer 101¢ that is a portion of the ceramic body 101
existing between these electrodes. The measurement pump
cell P3 is an electrochemical pump cell pumping out oxygen
generated by decomposition of NOx in an atmosphere
around the measurement electrode 145.

[0087] Pumping (pumping in or out of oxygen) of the
main pump cell P1, the auxiliary pump cell P2, and the
measurement pump cell P3 is achieved, under control per-
formed by the controller 50, by the pump cell power supply
(variable power supply) 30 applying voltage necessary for
pumping across electrodes included in each of the pump
cells. In a case of the measurement pump cell P3, a voltage
is applied across the outer pump electrode 141 and the
measurement electrode 145 so that the potential difference
between the measurement electrode 145 and the reference
electrode 147 is maintained at a predetermined value. The
pump cell power supply 30 is typically provided for each
pump cell.

[0088] The controller 50 detects a pump current Ip2 flow-
ing between the measurement electrode 145 and the outer
pump electrode 141 in accordance with the amount of
oxygen pumped out by the measurement pump cell P3, and
calculates a NOx concentration in the measurement gas
based on a linear relationship between a current value (NOx
signal) of the pump current Ip2 and the concentration of
decomposed NOx.

[0089] The gas sensor 100 preferably includes a plurality
of unillustrated electrochemical sensor cells sensing the
potential difference between each pump electrode and the
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reference electrode 147, and each pump cell is controlled by
the controller 50 based on a detected signal in each sensor
cell.

[0090] In the sensor element 10, the heater 150 is buried
in the ceramic body 101. The heater 150 is provided, below
the gas distribution part in FIG. 3, over a range from the
vicinity of the first end portion E1 to at least a location of
formation of the measurement electrode 145 and the refer-
ence electrode 147. The heater 150 generates heat by being
powered from the heater power supply 40 under control
performed by the controller 50. The heater 150 is provided
mainly to heat the sensor element 10 to enhance oxygen-ion
conductivity of the solid electrolyte forming the ceramic
body 101 when the sensor element 10 is in use. The sensor
element 10 is heated so that the temperature at least in a
range from the first internal chamber 102 to the second
internal chamber 103 becomes 500° C. or more.

[0091] More specifically, the heater 150 is a resistance
heating body made, for example, of platinum, and is pro-
vided to be surrounded by an insulating layer 151.

[0092] The plurality of electrode terminals 160 are formed
on the respective main surfaces of the ceramic body 101 on
the side of the second end portion E2 to establish electrical
connection between the sensor element 10 and the outside.
These electrode terminals 160 are electrically connected to
the above-mentioned five electrodes, opposite ends of the
heater 150, and unillustrated internal wiring for detecting
heater resistance through unillustrated internal wiring pro-
vided within the ceramic body 101 to have a predetermined
correspondence relationship. As described above, the elec-
trode terminals 160 are connected to the leads 8 via the
contact point members 51, and application of a voltage from
the pump cell power supply 30 to each pump cell of the
sensor element 10 and heating using the heater 150 by being
powered from the heater power supply 40 are thus per-
formed through the leads 8, the contact point members 51,
and the electrode terminals 160.

[0093] The main-surface protective layers 170 are layers
made of alumina, having a thickness of approximately 5 pm
to 30 um, and including pores with a porosity of approxi-
mately 20% to 40%, and are provided to prevent adherence
of any foreign matter and poisoning substances to the two
main surfaces of the ceramic body 101 and the outer pump
electrode 141. The main-surface protective layer 170a thus
functions as a pump electrode protective layer for protecting
the outer pump electrode 141.

[0094] The leading-end protective layer 12 is provided
around an outermost periphery of the element base 11 in a
predetermined range from the first end portion E1. The
leading-end protective layer 12 is provided in a manner of
surrounding a portion of the element base 11 in which the
temperature is high (up to approximately 700° C. to 800° C.)
when the gas sensor 100 is in use, in order to ensure water
resistance in the portion to thereby suppress the occurrence
of cracking (water-induced breakage) of the element base 11
due to thermal shock caused by local temperature reduction
upon direct exposure of the portion to water.

[0095] In addition, the leading-end protective layer 12 is
also provided to ensure poisoning resistance to prevent
poisoning substance such as Mg from entering into the
sensor element 10.

[0096] The inner leading-end protective layer 12a is made
of alumina, has a porosity of 45% to 60%, and has a
thickness of 450 um to 650 pm. The outer leading-end

Oct. 5, 2023

protective layer 125 is made of alumina, has a porosity of
10% to 40%, which is lower than the porosity of the inner
leading-end protective layer 124, and has a thickness of 50
pum to 300 um. The inner leading-end protective layer 12a is
provided as a low-thermal conductivity layer to have a
function of suppressing thermal conduction from the outside
to the element base 11.

[0097] The inner leading-end protective layer 124 and the
outer leading-end protective layer 126 are formed by
sequentially thermal spraying (plasma-spraying) constituent
materials with respect to the element base 11 having a
surface on which an underlying layer 13 has been formed.
[0098] As illustrated in FIG. 3, the underlying layer 13 is
provided between the inner leading-end protective layer 12a
and the element base 11 to secure an adhesion of the inner
leading-end protective layer 12a. The underlying layer 13 is
provided at least on the two main surfaces of the element
base 11. The underlying layer 13 is made of alumina, has a
porosity of 30% to 60%, and has a thickness of 15 um to 50
pm.

Modification

[0099] While the limiting current type sensor element
having three internal chambers and detecting NOx as a gas
component to be detected is shown as an example of the
sensor element 10 in the above-mentioned embodiment, the
number of internal chambers may not be three and a gas
component other than NOx may be detected in the sensor
element 10 of the gas sensor 100. Alternatively, the sensor
element may be a sensor element having no internal cham-
bers, such as a mixed potential type sensor element.

Example

[0100] A vibration test was performed on the gas sensor
100 in each of the level 2, the level 3, and the level 4
described above for a purpose of confirming stability in
securing the spacer 7. The gas sensor having the axial
direction load of 10N or less which is lower than the
minimum axial direction load F,,, was also prepared to
perform the vibration test in the similar manner.

[0101] Specifically, each gas sensor 100 is fixed on a
predetermined test table to perform the test under the
following conditions:

[0102] Acceleration rate: 40 G;

[0103] Sweep frequency: 1000 Hz to 3300 Hz; and Sweep
speed: 0.057 oct/min.

[0104] In the observation of the gas sensor 100 after the
test, it is confirmed that a positional deviation in the radial
direction occurred in the spacer 7 in the gas sensor having
the axial direction load of 10N or less. In the meanwhile, a
positional deviation in the radial direction did not occur in
the spacer 7 in the gas sensor 100 in the level 2 in which a
value of (A-B)D/C slightly exceeded the range of Expres-
sion (5) as well as the gas sensors 100 in the level 3 and the
level 4 in which a value of (A-B)D/C was within the range
of Expression (5).

[0105] The above results indicate that the spacer 7 is
stably secured by satisfying at least Expression (5).

[0106] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustra-
tive and not restrictive. It is therefore understood that
numerous modifications and variations can be devised with-
out departing from the scope of the invention.
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What is claimed is:

1. A gas sensor for sensing a predetermined gas compo-
nent contained in a measurement gas, the gas sensor com-
prising:

a sensor element including a sensing part on a side of one

end portion thereof;
a casing in which the sensor element is contained and
secured; and
a connector disposed in the casing to electrically connect
the sensor element to an outside, wherein the casing
includes:
an outer tube including a main portion in which a
reference gas is included and a sealing portion being
an end portion having a smaller diameter than the
main portion, another end portion of the sensor
element protruding to the main portion,

a rubber seal member fitted into the sealing portion to
seal the outer tube, and

a ceramic spacer intervening between the seal member
and the connector in the outer tube,

a predetermined position on a lateral side of the sealing
portion is a swaging portion swaged from an outside,
and the outer tube is sealed with reduction in a diameter
of the seal member in the swaging portion,

the spacer includes:

a first end surface being flat and having contact with the
connector, and

a second end surface being flat and having contact with
the seal member,

and, the spacer is secured by being sandwiched between
the connector and the seal member due to friction force
between the spacer and the seal member acting on the
second end surface, which occurs by that predeter-
mined load acts on the spacer from the seal member in
accordance with reduction in the diameter of the seal
member in the swaging portion.

2. The gas sensor according to claim 1, wherein

when an outer diameter of the seal member in a portion
other than the swaging portion is A, an outer diameter
of the seal member in the swaging portion is B, a
distance from a contact surface of the seal member
having contact with the second end surface to the
swaging portion is C, a width of the swaging portion is
D, k is a proportional constant, and the predetermined
load is F,

F=k-(A-B)D/C is satisfied, and

when a minimum value of the predetermined load for
sandwiching and securing the spacer by the connector
and the seal member is F,,,, and a value of the
predetermined load in a case where a contact point
deviation occurring between the connector and the
sensor element coincides with a maximum allowable
range is F,, .,

F,./k=(A-B)D/C<F,, . /k is satisfied.

3. The gas sensor according to claim 2, wherein

0.11=(A-B)D/C<1.65 is satisfied.

4. The gas sensor according to claim 1, wherein

a value of a ratio S1/S2 between an area S1 of a contact
surface of the seal member having contact with the
spacer and an area S2 of the second end surface of the
spacer having contact with the contact surface is within
a range of 0.9 to 1.1.

5. The gas sensor according to claim 1, wherein

the seal member is made of fluororubber.
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6. The gas sensor according to claim 1, wherein

a thermal conductivity of the spacer is equal to or smaller

than 32W/m'K.

7. A sensor element containment casing for containing a
sensor element and a connector while securing the sensor
element therein, the sensor element including, on a side of
one end portion thereof, a sensing part for sensing a prede-
termined gas component contained in a measurement gas,
the connector electrically connecting the sensor element to
an outside, the sensor element containment casing compris-
ing:

an outer tube including a main portion in which a refer-

ence gas is included and a sealing portion being an end
portion having a smaller diameter than the main por-
tion, another end portion of the sensor element pro-
truding to the main portion,

a rubber seal member fitted into the sealing portion to seal

the outer tube, and

a ceramic spacer intervening between the seal member

and the connector in the outer tube, wherein

a predetermined position on a lateral side of the sealing

portion is a swaging portion swaged from an outside,
and the outer tube is sealed with reduction in a diameter
of the seal member in the swaging portion,
the spacer includes:
a first end surface being flat and having contact with the
connector, and
a second end surface being flat and having contact with
the seal member,
and, the spacer is secured by being sandwiched between
the connector and the seal member due to friction force
between the spacer and the seal member acting on the
second end surface which occurs by that predetermined
load acts on the spacer from the seal member in
accordance with reduction in the diameter of the seal
member in the swaging portion.
8. The sensor element containment casing according to
claim 7, wherein
when an outer diameter of the seal member in a portion
other than the swaging portion is A, an outer diameter
of the seal member in the swaging portion is B, a
distance from a contact surface of the seal member
having contact with the second end surface to the
swaging portion is C, a width of the swaging portion is
D, k is a proportional constant, and the predetermined
load is F,

F=k-(A-B)D/C is satisfied, and

when a minimum value of the predetermined load for
sandwiching and securing the spacer by the connector
and the seal member is F,,, and a value of the
predetermined load in a case where a contact point
deviation occurring between the connector and the
sensor element coincides with a maximum allowable
range is F,, .,

F,.../k=(A-B)D/C<F,, . /k is satisfied.

9. The sensor element containment casing according to
claim 8, wherein

0.11=(A-B)D/Cx<1.65 is satisfied.

10. The sensor element containment casing according to
claim 7, wherein

a value of a ratio S1/S2 between an area S1 of a contact

surface of the seal member having contact with the
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spacer and an area S2 of the second end surface of the
spacer having contact with the contact surface is within
a range of 0.9 to 1.1.
11. The sensor element containment casing according to
claim 7, wherein
the seal member is made of fluororubber.
12. The sensor element containment casing according to
claim 7, wherein
a thermal conductivity of the spacer is equal to or smaller
than 32W/m'K.
13. The gas sensor according to claim 2, wherein
a value of a ratio S1/S2 between an area S1 of a contact
surface of the seal member having contact with the
spacer and an area S2 of the second end surface of the
spacer having contact with the contact surface is within
a range of 0.9 to 1.1.
14. The gas sensor according to claim 3, wherein
a value of a ratio S1/S2 between an area S1 of a contact
surface of the seal member having contact with the
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spacer and an area S2 of the second end surface of the
spacer having contact with the contact surface is within
a range of 0.9 to 1.1.

15. The gas sensor according to claim 2, wherein

the seal member is made of fluororubber.

16. The gas sensor according to claim 3, wherein

the seal member is made of fluororubber.

17. The gas sensor according to claim 4, wherein

the seal member is made of fluororubber.

18. The gas sensor according to claim 2, wherein

a thermal conductivity of the spacer is equal to or smaller
than 32W/m'K.

19. The gas sensor according to claim 3, wherein

a thermal conductivity of the spacer is equal to or smaller
than 32W/m'K.

20. The gas sensor according to claim 4, wherein

a thermal conductivity of the spacer is equal to or smaller
than 32W/m'K.



