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GAS SENSOR FITTING STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a gas sensor ?tting structure. 
2. Description of the Related Art 
In an internal combustion engine, gas sensors such as an 

air-fuel ratio sensor and an oxygen sensor are ?tted to an 

exhaust pipe. Such gas sensor usually includes a sensor ele 
ment, a heater that activates the sensor element, and a cover 
that covers the sensor element. A vent-hole is formed in the 
cover so that the sensor element is exposed to the exhaust gas 
that ?oWs into the gas sensor through the vent-hole. 

Japanese Patent Application Publication No. 10-148623 
(JP-A-l0-l48623) describes a ?uid sensor ?tting structure. 
More speci?cally, JP-A-l0-l48623 describes a structure in 
Which a ?uid sensor is ?tted to a ?uid pipe With the central 
axis of the ?uid sensor inclined With respect to the direction 
that is perpendicular to the direction in Which the ?uid ?oWs. 
This ?tting structure reduces the possibility that foreign mat 
ter contained in the ?uid in the cover Will adhere to a sensor 
element. 

During start-up of an internal combustion engine, the Water 
that has been condensed from the exhaust gas may remain in 
an exhaust pipe after the immediately preceding engine stop, 
or Water may be condensed from the exhaust gas that is 
discharged from the internal combustion engine after the 
engine start if the exhaust gas contacts an inner Wall of the 
exhaust pipe that is at a loW temperature. If the condensed 
Water contacts a sensor element While the sensor element is 

heated by a heater, a crack may occur in the sensor element. 
The condensed Water generated in the exhaust pipe disperses 
in various directions as the exhaust gas ?oWs. Therefore, even 
if the ?tting structure described in JP-A-lO- 1 48623 is applied 
to, for example, the above-described air-fuel ratio sensor, 
there is still a possibility that the condensed Water Will contact 
the sensor element. 

SUMMARY OF THE INVENTION 

The invention provides a gas sensor ?tting structure Which 
makes it possible to suppress entry of condensed Water into a 
cover and to minimiZe occurrence of a crack in a sensor 

element due to contact of the condensed Water With the sensor 
element. 
A ?rst aspect of the invention relates to a gas sensor ?tting 

structure for ?tting a gas sensor to an exhaust pipe of an 
internal combustion engine, and the gas sensor includes a 
sensor element and a cover Which covers the sensor element, 
and has a vent-hole at an endportion of the cover. The exhaust 
pipe has multiple inlet portions, and the gas sensor is ?tted to 
the exhaust pipe at a predetermined ?tting angle so that the 
end portion is not visible from any position of the multiple 
inlet portions. With this ?tting structure, it is possible to 
suppress entry of the condensed Water into the cover through 
the vent-hole formed in the end portion of the cover. Thus, it 
is possible to minimiZe occurrence of a crack in the sensor 
element due to contact of the condensed Water With the sensor 
element. 
A second aspect of the invention relates to a gas sensor 

?tting structure for ?tting a gas sensor to an exhaust pipe of an 
internal combustion engine, and the gas sensor includes a 
sensor element and a cover Which covers the sensor element, 
and has a vent-hole at an endportion of the cover. The exhaust 
pipe has a bent portion, and the gas sensor is ?tted to the 
exhaust pipe at a predetermined ?tting angle so that the end 
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2 
portion is not visible via the bent portion from any position of 
an inlet portion of the exhaust pipe. With this ?tting structure 
as Well, it is possible to suppress entry of the condensed Water 
into the cover through the vent-hole formed in the end portion 
of the cover. 

In the gas sensor ?tting structure according to the ?rst 
aspect of the invention, the exhaust pipe may have a bent 
portion, and the gas sensor may be ?tted to the exhaust pipe at 
the predetermined ?tting angle so that the end portion is not 
visible via the bent portion from any position of the inlet 
portions of the exhaust pipe. 
The gas sensor may be ?tted to the exhaust pipe at the 

predetermined ?tting angle so that the end portion is not 
visible from any position on a virtual plane that is surrounded 
by the inlet portion. 
The virtual plane may include an end face of the inlet 

portion of the exhaust pipe 
The predetermined ?tting angle 6 satis?es the folloWing 

formula; 6; 90°—arctan {(h—t)/l } Where h is a diameter of the 
exhaust pipe, t is a distance from an inner Wall face of the 
exhaust pipe to the end portion, and l is a distance from the 
inlet portion of the exhaust pipe to the gas sensor. 
The distance from the inlet portion of the exhaust pipe to 

the gas sensor may be a length of a line segment in parallel 
With an axis of the exhaust pipe While extending from the inlet 
portion of the exhaust pipe to the end portion, and the prede 
termined ?tting angle of the gas sensor With respect to the 
exhaust pipe may be the angle betWeen the axis of the exhaust 
pipe and the axis of the gas sensor. 

The inlet portion of the exhaust pipe may be connected to 
an exhaust port of the internal combustion engine, and the 
predetermined ?tting angle of the gas sensor With respect to 
the exhaust pipe may be decreased as the distance betWeen the 
inlet portion and the gas sensor decreases. 
The gas sensor may be an air-fuel ratio sensor that linearly 

detects an air-fuel ratio based on an oxygen concentration in 
exhaust gas that is discharged from the internal combustion 
engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further features and advantages of the 
invention Will become apparent from the folloWing descrip 
tion of example embodiments With reference to the accom 
panying draWings, Wherein the same or corresponding por 
tions Will be denoted by the same reference numerals and 
Wherein: 

FIG. 1 shoWs a gas sensor ?tting structure according to a 
?rst embodiment of the invention; 

FIG. 2 shoWs a gas sensor ?tting structure according to 
related art; 

FIGS. 3A and 3B are vieWs for comparing the gas sensor 
?tting structure according to the ?rst embodiment of the 
invention With the gas sensor ?tting structure according to the 
related art; 

FIG. 4 shoWs an angle at Which the gas sensor is ?tted to an 
exhaust pipe according to the ?rst embodiment of the inven 
tion; 

FIGS. 5A and 5B shoW the relationship betWeen a position 
at Which the gas sensor is ?tted to the exhaust pipe and an 
angle at Which the gas sensor is ?tted to the exhaust pipe 
according to the ?rst embodiment of the invention; 

FIGS. 6A to 6C each shoW a gas sensor ?tting structure for 
?tting a gas sensor to an exhaust pipe that has a bent portion 
according to a second embodiment of the invention; 
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FIG. 7 shows a gas sensor ?tting structure for ?tting a gas 
sensor to an exhaust pipe of a multi-cylinder internal com 
bustion engine according to a third embodiment of the inven 

tion; 
FIGS. 8A to SC shoW the gas sensor being visible from 

multiple inlet portions of the exhaust pipes; 
FIGS. 9A and 9B shoW a ?rst example of the gas sensor 

?tting structure according to the third embodiment of the 
invention; 

FIGS. 10A to 10C shoW a second example of the gas sensor 
?tting structure according to the third embodiment of the 
invention; and 

FIG. 11 shoWs a third example of the gas sensor ?tting 
structure according to the third embodiment of the invention. 

DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

Hereafter, a ?rst embodiment of the invention Will be 
described With reference to the accompanying draWings. 

FIG. 1 is a vieW shoWing a gas sensor ?tting structure 
according to the ?rst embodiment of the invention. A gas 
sensor 20 according to the ?rst embodiment of the invention 
is an air-fuel ratio sensor that linearly detects an air-fuel ratio 
based on an oxygen concentration in the exhaust gas. HoW 
ever, the gas sensor 20 is not limited to such air-fuel ratio 
sensor. The gas sensor 20 may be an oxygen sensor that 
determines Whether an air-fuel ratio is richer or leaner than 
the stoichiometric air-fuel ratio based on an oxygen concen 

tration in the exhaust gas or various gas sensors that detect, for 
example, a NOx concentration, a CO concentration, and a HC 
concentration. The gas sensor 20 includes a stacked sensor 

element 21. Alternatively, the gas sensor 20 may include a 
cup-shaped sensor element. 

The gas sensor 20 is ?tted to an exhaust pipe 10 in such a 
manner that a portion of the gas sensor 20 projects into the 
space Within the exhaust pipe 10. As shoWn in FIG. 1, the gas 
sensor 20 is ?tted to the exhaust pipe 10 in such a manner that 
the gas sensor 20 is inclined With respect to the exhaust pipe 
10. An inlet portion 11 of the exhaust pipe 10 is connected to 
an exhaust port 40 of an internal combustion engine. The inlet 
portion 11 is formed in an annular shape. The gas sensor 20 is 
?tted to the exhaust pipe 1 0 that linearly extends from the inlet 
portion 11. In FIG. 1, the inlet portion 11 and the exhaust port 
40 are shoWn in a separated manner in order to clearly indicate 
the inlet portion 11 of the exhaust pipe 10. The exhaust port 40 
is formed in a cylinder head 30 of the internal combustion 
engine. The exhaust gas discharged from the exhaust port 40 
is introduced into the exhaust pipe 10 and discharged to the 
outside of the internal combustion engine after toxic compo 
nents are removed by an exhaust gas catalyst (not shoWn) that 
is arranged in a doWnstream portion of the exhaust pipe 10. 
A cover that covers the sensor element 21 of the gas sensor 

20 has a double structure formed of an outer cover 22 and an 
inner cover 23. The inner cover 23 is formed in a cylindrical 
shape, and has a circular end face (end portion) 232. The outer 
cover 22 is also formed in a cylindrical shape, but does not 
have an end face. The outer cover 22 is formed in such a 
manner that the end face 232 of the inner cover 23 is exposed 
to the exhaust gas in the exhaust pipe 10. 

Vent-holes 221 are formed in a side face of the outer cover 
22, and vent-holes 231 are formed in a side face of the inner 
cover 23. A vent-hole 233 is formed in the end face 232 of the 
inner cover 23. The exhaust gas ?oWs into the inside of the 
outer cover 22 through the vent-holes 221, ?oWs into the 
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4 
inside of the inner cover 23 through the vent-holes 231, con 
tacts the sensor element 21, and is discharged to the outside of 
the gas sensor 20. 
A heater (not shoWn) that increases the temperature of the 

sensor element 21 to an activation temperature is embedded 
in the sensor element 21. The operation of the heater is con 
trolled by an electronic control unit (not shoWn). 

Next, inconveniences caused by a gas sensor ?tting struc 
ture according to related art Will be described. FIG. 2 shoWs 
the gas sensor ?tting structure according to the related art. 
Portions in FIG. 2 that are the same as those in FIG. 1 are 
denoted by the same reference numerals as those in FIG. 1, 
and description thereof Will not be provided beloW. As shoWn 
in FIG. 2, in a ?tting structure for ?tting a gas sensor 20x to the 
exhaust pipe 10 according to the related art, the gas sensor 20x 
is ?tted to the exhaust pipe 10 in such a manner that the gas 
sensor 20x is slightly inclined With respect to the exhaust pipe 
10. Therefore, condensed Water FW that is generated in the 
exhaust pipe 10 may reach a sensor element 21x through a 
vent-hole 233x. 

HoWever, in the gas sensor ?tting structure according to the 
?rst embodiment of the invention shoWn in FIG. 1, the gas 
sensor 20 is ?tted to the exhaust pipe 10 in such a manner that 
the gas sensor 20 is inclined With respect to the exhaust pipe 
10 by an amount larger than that in the gas sensor ?tting 
structure according to the related art. Therefore, although 
there is a possibility that the condensed Water FW Will adhere 
to an end portion of the outer cover 22, it is possible to 
minimiZe the possibility that the condensed Water FW Will 
enter the inside of the inner cover 23 through the vent-hole 
233. Accordingly, it is possible to minimiZe occurrence of a 
crack in the sensor element 21 due to the condensed Water 
FW. 

Next, the effects of the gas sensor ?tting structure accord 
ing to the ?rst embodiment of the invention Will be described. 
FIGS. 3A and 3B are vieWs for comparing the gas sensor 
?tting structure according to the ?rst embodiment of the 
invention With the gas sensor ?tting structure according to 
related art. FIG. 3A shoWs the gas sensor ?tting structure 
according to the ?rst embodiment of the invention, and FIG. 
3B shoWs the gas sensor ?tting structure according to the 
related art. FIGS. 3A and 3B schematically shoW the structure 
of the gas sensor 20 and the structure of a gas sensor 20x11, 
respectively, to facilitate the explanation. FIG. 3B shoWs a 
case in Which the gas sensor 20x11 is ?tted to the exhaust pipe 
10 in such a manner that the axis of the gas sensor 20x11 
extends perpendicularly to the axis of the exhaust pipe 10. 
As shoWn in FIG. 3A, the gas sensor 20 is ?tted to the 

exhaust pipe 10 in such a manner that the gas sensor 20 is 
inclined largely With respect to the exhaust pipe 10. As a 
result, the end face 232 of the gas sensor 20 is not visible from 
the inlet portion 11. More speci?cally, the gas sensor 20 is 
?tted to the exhaust pipe 10 at a predetermined ?tting angle so 
that the end face 232 is not visible from any position on a 
virtual plane that includes the end face of the inlet portion 11 
and that is surrounded by the inlet portion 11. 

In FIG. 3A, directions in Which line segments from points 
on the edge of the inlet portion 11 to the center of the end face 
232 extend are referred to as eye directions OL. As shoWn in 
FIG. 3A, the center of the end face 232 is not visible from any 
of the eye directions OL. Therefore, the vent-hole 233 formed 
in the end face 232 is not visible from the inlet portion 11. 
Accordingly, it is possible to minimize occurrence of the 
situation in Which the condensed Water that adheres to an 
inner peripheral Wall face of the inlet portion 11 or an inner 
peripheral Wall face of the exhaust port 40 Will disperse due to 
a How of the exhaust gas and enter the vent-hole 233 formed 
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in the end face 232. Thus, it is possible to minimize occur 
rence of a crack in the sensor element 21 due to the condensed 
Water. 

In contrast, according to the related art shoWn in FIG. 3B, 
the gas sensor 20x11 is ?tted to the exhaust pipe 10 in such a 
manner that the axis of the gas sensor 20x11 extends perpen 
dicularly to the axis of the exhaust pipe 10. Therefore, When 
the gas sensor 20x11 is ?tted to the exhaust pipe 10, an end face 
232x11 is visible from a part ofthe inlet portion 11. In FIG. 3B, 
directions in Which line segments from points on the upper 
side portion of the edge of the inlet portion 11 to the center of 
the end face 232x11 extend are referred to as eye directions OL 

(indicated by dashed lines), and directions in Which line seg 
ments from points on the loWer-side portion of the edge of the 
inlet portion 11 to the center of the end face 232x11 extend are 
referred to as eye directions NL (indicated by solid lines). As 
shoWn in FIG. 3B, the center of the end face 232x11 is not 
visible from the eye directions OL but visible from the eye 
directions NL. 

Therefore, there is only a loW possibility that the con 
densed Water, Which adheres to portions near the vieWpoints 
from Which the line segments extend in the eye directions OL, 
Will adhere to the end face 232x11, but there is a high possi 
bility that the condensed Water, Which adheres to portions 
near the vieWpoints from Which the line segments extend in 
the eye directions NL, Will disperse due to a How of the 
exhaust gas and adhere to the end face 232x11. If the con 
densed Water adheres to the end face 232x11, the condensed 
Water may enter the inside of an inner cover 23x through the 
vent-hole 233x formed in the end face 232x11 and reach the 
sensor element 21x. 

HoWever, according to the ?rst embodiment of the inven 
tion shoWn in FIG. 3A, it is possible to minimiZe the possi 
bility that the condensed Water Will contact the sensor element 
21. This is because, as shoWn in FIG. 3A, the gas sensor 20 is 
?tted to the exhaust pipe 10 in such a manner that the gas 
sensor 20 is inclined With respect to the exhaust pipe 10. 
Therefore, the end face 232 is not visible from the inlet 
portion 11. 

Next, an angle at Which the gas sensor 20 is ?tted to the 
exhaust pipe 10 (hereinafter, referred to as “?tting angle of the 
gas sensor 20” Where appropriate) according to the ?rst 
embodiment of the invention Will be described. FIG. 4 is a 
vieW illustrating the ?tting angle of the gas sensor 20 accord 
ing to the ?rst embodiment of the invention. A case in Which 
the gas sensor 20 is ?tted to a linearly formed portion of the 
exhaust pipe 10 Will be described beloW. 
A reference character “h” denotes the diameter of the 

exhaust pipe 10. A reference character “t” denotes the dis 
tance from the inner Wall face of the exhaust pipe 10 to the end 
face 232 of the gas sensor 20. More speci?cally, the reference 
character “t” denotes the distance from the inner Wall face of 
the exhaust pipe 10 to the center of the end face 232. A 
reference character “1” denotes the distance from the inlet 
portion 11 to the gas sensor 20. More speci?cally, the refer 
ence character “1” denotes the length of the line that extends 
in parallel With an axis EA of the exhaust pipe 10 and that 
extends from the inlet portion 11 to the center of the end face 
232. A reference character “6” denotes an inclination angle 
(?tting angle) at Which the gas sensor 20 is ?tted to the 
exhaust pipe 10. More speci?cally, the reference character 
“6” denotes an angle betWeen the axis EA of the exhaust pipe 
10 and an axis SA ofthe gas sensor 20. As shoWn in FIG. 4, if 
the line, Which extends in the eye direction When the end face 
232 is visible from the vieWpoint that lies in the loWer end 
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6 
portion of the inlet portion 11, is in parallel With the end face 
232, Equation 1 is satis?ed. 

tan(90°—6):(h—l)/1 Equation 1 

Equation 1 may be modi?ed into Equation 2. 

6:90°—arctan {(h—l)/1} Equation 2 

Accordingly, When the inclination angle 6 of the gas sensor 
20 satis?es Equation 3, the end face 232 is not visible from the 
inlet portion 11. 

Next, a concrete example of the relationship betWeen a 
position at Which the gas sensor 20 is ?tted to the exhaust pipe 
10 (hereinafter; referred to as “?tting position of the gas 
sensor 20” Where appropriate) and an angle at Which the gas 
sensor 20 is ?tted to the exhaust pipe 10 (hereinafter, referred 
to as “?tting angle of the gas sensor 20” Where appropriate) 
according to the ?rst embodiment of the invention Will be 
described With reference to FIGS. 5A and 5B. FIG. 5A is a 
map that shoWs the relationship betWeen the distance from the 
inlet portion 11 of the exhaust pipe 10 to the gas sensor 20 and 
the ?tting angle of the gas sensor 20. 
When a ?tting angle of the gas sensor 20 is equal to or 

smaller than the ?tting angle indicated by the line in FIG. 5A, 
the end face 232 is not visible from the inlet portion 11. As the 
distance from the inlet portion 11 to the gas sensor 20 
decreases, the ?tting angle of the gas sensor 20 needs to be 
decreased. That is, as the distance from the inlet portion 11 to 
the gas sensor 20 decreases, the gas sensor 20 needs to be 
?tted to the exhaust pipe 10 at a smaller ?tting angle. FIG. 5B 
shoWs the ?tting angle When the distance from the inlet por 
tion 11 to the ?tting position of the gas sensor 20 is 65 
millimeters, and the ?tting angle When the distance from the 
inlet portion 11 to the ?tting position of the gas sensor 20 is 
200 millimeters. When the distance from the inlet portion 11 
to the ?tting position of the gas sensor 20 is 65 millimeters, 
the ?tting angle of the gas sensor 20 needs to be equal to or 
smaller than approximately 65 degrees With respect to the 
axis EA of the exhaust pipe 10. When the distance is 200 
millimeters, the ?tting angle needs to be equal to or smaller 
than approximately 82 degrees With respect to the axis EA of 
the exhaust pipe 10. 

It is possible to set the ?tting position of the gas sensor 20 
to a position near the inlet portion 11 While minimiZing the 
possibility of a contact of the condensed Water With the sensor 
element 21 by changing the ?tting angle of the gas sensor 20 
based on the ?tting position of the gas sensor 20 as described 
above. It is possible to expose the gas sensor 20 to the exhaust 
gas having a higher temperature by ?tting the gas sensor 20 to 
a portion closer to the inlet portion 11. Thus, for example, 
When the internal combustion engine is started While it is cold, 
the sensor element 21 of the gas sensor 20 is activated more 
promptly. When the gas sensor ?tting structure according to 
the ?rst embodiment of the invention is applied to a multi 
cylinder internal combustion engine, a gas sensor should be 
?tted to an exhaust pipe in such a manner that Equation 3 is 
satis?ed on all multiple inlet portions of the exhaust pipe. In 
this Way, it is possible to minimiZe the possibility that the 
condensed Water Will contact a sensor element. 

Next, a gas sensor ?tting structure according to a second 
embodiment of the invention Will be described. In the second 
embodiment of the invention, a gas sensor is ?tted to an 
exhaust pipe that includes a bent portion. FIGS. 6A to 6C each 
shoW the gas sensor ?tting structure for ?tting the gas sensor 
to the exhaust pipe that includes the bent portion. FIG. 6A 
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shows a case in which an end face of the gas sensor is visible 
from an inlet portion of the exhaust pipe. 
As shown in FIG. 6A, a bent portion 12a is formed at a 

middle portion of an exhaust pipe 10a, and a gas sensor 20xb 
is ?tted to the exhaust pipe 1011 at a position downstream of 
the bent portion 12a. In FIG. 6A, directions in which line 
segments from points on the lower-side portion of the edge of 
an inlet portion 11a to the center of an end face 232xd extend 
are referred to as eye directions OL (indicated by dashed 
lines), and directions in which line segments from points on 
the upper-side portion of the edge of the inlet portion 11a to 
the center of the end face 232xd extend are referred to as eye 
directions NL (indicated by solid lines).As shown in FIG. 6A, 
the end face 232xd is not visible from any of the eye directions 
OL, because the view is blocked by the bent portion 12a. In 
contrast, the end face 232xd is visible from the eye directions 
NL, because the view is not blocked by the bent portion 1211. 
As shown in FIG. 6A, when the end face 232xd is visible 

from a part of the inlet portion 1111 despite the presence of the 
bent portion 1211, there is a possibility that the condensed 
water, which adheres to a portion near the part of the inlet 
portion 11a, will adhere to the end face 232xd due to a ?ow of 
the exhaust gas. Therefore, the condensed water may ?ow 
into the gas sensor through the vent-hole formed in the end 
face 232xd and contact a sensor element of the gas sensor 
20xb. 

FIG. 6B shows a case in which an end face of a gas sensor 
is not visible from any position of an inlet portion of the 
exhaust pipe. As shown in FIG. 6B, a gas sensor 20b is ?tted 
to the exhaust pipe 1011 at a position that is farther from the 
inlet portion 1111 than the gas sensor 20xb is. In FIG. 6B, 
directions in which line segments from points on the edge of 
the inlet portion 11a to the center of an end face 232b extend 
are referred to as eye directions OL (indicated by dashed 
lines). As shown in FIG. 6B, the end face 232b is not visible 
from any of the eye directions OL because the view is com 
pletely blocked by the bent portion 1211. 

Therefore, a vent-hole formed in the end face 232b is not 
visible as well. If the gas sensor 20b is ?tted to the exhaust 
pipe 1 0a in such a manner that the vent-hole formed in the end 
face 232b is not visible due to the presence of the bent portion 
1211, it is possible to suppress entry of the condensed water 
that adheres to a portion near the inlet portion 1111 into the gas 
sensor 20b through the vent-hole formed in the end face 232b. 

FIG. 6C shows another example of a case in which an end 
face of a gas sensor is not visible from any position of an inlet 
portion of the exhaust pipe. As shown in FIG. 6C, a gas sensor 
200 is ?tted to the exhaust pipe 1011 at a position substantially 
the same as the position at which the gas sensor 20xb shown 
in FIG. 6A is ?tted to the exhaust pipe 10a. However, the gas 
sensor 200 differs from the gas sensor 20xb in the ?tting 
angle. The gas sensor 200 is ?tted to the exhaust pipe 10a in 
such a manner that an end face 2320 faces away from the 
plane surrounded by the inlet portion 1111 by an amount larger 
than that in the gas sensor 20xb. The end face 2320 faces away 
from the plane surrounded by the inlet portion 1111 at a pre 
determined ?tting angle. 

In FIG. 6C, directions in which line segments from points 
on the edge of the inlet portion 11a to the center of the end 
face 232c extend are referred to as eye directions OL (indi 
cated by dashed lines). As shown in FIG. 6C, the end face 
2320 is not visible from any position on the lower-side portion 
of the inlet portion 11a in the eye directions OL, because the 
view is blocked by the bent portion 12a. In addition, unlike 
the case of the gas sensor 20xb shown in FIG. 6A, the end face 
2320 is not visible from any position on the upper-side portion 
of the inlet portion 11a in the, eye directions OL. This is 
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8 
because the gas sensor 200 is ?tted to the exhaust pipe 1011 at 
the predetermined ?tting angle so that the end face 2320 faces 
away from the plane surrounded by the inlet portion 1111. If 
the gas sensor 200 is ?tted to the exhaust pipe in this manner, 
it is possible to suppress entry of the condensed water that 
adheres to a portion near the inlet portion 1111 into the gas 
sensor 200 through a vent-hole formed in the end face 2320. 

Next, a third embodiment of the invention will be 
described. The third embodiment of the invention relates to a 
gas sensor ?tting structure for ?tting a gas sensor to an 
exhaust pipe of a multi-cylinder internal combustion engine. 
FIG. 7 shows a gas sensor ?tting structure for ?tting the gas 
sensor to the exhaust pipe of a multi-cylinder internal com 
bustion engine. As shown in FIG. 7, an exhaust pipe 10b is 
formed in such a manner that upstream-side exhaust pipes 
13b1, 13b2 and 13b3 that include inlet portions 11b1, 11b2 
and 11b3, respectively, join into one exhaust pipe via a merg 
ing portion 14b. The inlet portions 11b1, 11b2, 11b3 are 
connected to exhaust ports of respective cylinders. As shown 
in FIG. 7, a gas sensor 20x0 is ?tted to an exhaust pipe 10b at 
a position near the merging portion 14b. Another gas sensor 
20d is ?tted to the exhaust pipe 10b at a position that is 
downstream of the merging portion 14b in the direction in 
which exhaust gas ?ows. 

FIG. 8A to SC show the gas sensor 20x0 visible from the 
inlet portions 11b1, 11b2 and 11b3 ofthe exhaust pipes 13b1, 
13b2 and 13b3, respectively. As shown in FIGS. 8A and 8B, 
when the gas sensor 20x0 is visible from the inlet portions 
11b1 and 11b2 in the downstream direction, an end face 
232xc of the gas sensor 20x0 is not visible. However, when the 
gas sensor 20x0 is visible from the inlet portion 11b3 in the 
downstream direction, the end face 232xc is visible. This is 
because the direction from which the end face 232xc is visible 
varies among the inlet portions 11b1, 11b2 and 11b3. 

Therefore, there is a possibility that the condensed water 
that adheres to a portion near the inlet portion 11b3 will ?ow 
through the upstream-side exhaust pipe 13b3 and enter a 
vent-hole that is formed in the end face 232xc. In contrast, the 
gas sensor 20d shown in FIG. 7 is ?tted to the exhaust pipe 
10b at a position downstream of the merging portion 14b so 
that an end face 232d is not visible from any of the inlet 
portions 11b1, 11b2, 11b3. Therefore, it is possible to mini 
miZe the possibility that the condensed water will contact the 
gas sensor 20d. As a result, it is possible to suppress occur 
rence of a crack in a sensor element of the gas sensor 20d due, 
to entry of the condensed water into the gas sensor 20d. 

Next, concrete examples of the gas sensor ?tting structure 
according to the third embodiment of the invention will be 
described brie?y. FIGS. 9A and 9B show a ?rst example of 
the gas sensor ?tting structure according to the third embodi 
ment of the invention. FIG. 9A is a top view of an exhaust pipe 
10e, and FIG. 9B is a side view of the exhaust pipe 10e. The 
exhaust pipe 10e includes inlet portions 11e1 to 11e4, and a 
gas sensor 20e is ?tted to the exhaust pipe 10e at a position 
near a merging portion Me. The gas sensor 20e is ?tted to the 
exhaust pipe 10e at a position upstream of a catalyst 50e that 
is arranged in the exhaust pipe 10e. As shown in FIG. 9B, the 
gas sensor 20e is ?tted to the exhaust pipe 10e in such a 
manner that the gas sensor 20e itself is visible from the inlet 
portions 11e1 to 11e4 but an end face 232e is not visible from 
any of the inlet portions 11e1 to 11e4. As described above, 
even when the gas sensor 20e is ?tted to the exhaust pipe 10e 
at a position near the merging portion Me, if the end face 232e 
is not visible from any of the inlet portions 11e1 to 11e4, it is 
possible to minimiZe occurrence of a crack in a sensor ele 
ment of the gas sensor 20e due to entry of the condensed water 
into the gas sensor 20e. 
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FIGS. 10A to 10C show a second example of the gas sensor 
?tting structure according to the third embodiment of the 
invention. FIG. 10A is a top vieW of an exhaust pipe 10], FIG. 
10B is a perspective vieW of the exhaust pipe 10], and FIG. 
10C is a side vieW of the exhaust pipe 10]. The exhaust pipe 
10f includes inlet portions 11f1 to 11f4. As shoWn in FIG. 
10A, a gas sensor 20f is ?tted to the exhaust pipe 10f at a 
position doWnstream of the merging portion 14]. As shoWn in 
FIG. 10C, the gas sensor 20f is ?tted to the exhaust pipe 10f in 
such a manner that an end face 232f is not visible from any of 
the inlet portions 11f1 to 11f4. Thus, it is possible to minimiZe 
occurrence of a crack in a sensor element of the gas sensor 20f 
due to entry of the condensed Water into the gas sensor 20]. 

FIG. 11 is a third example of the gas sensor ?tting structure 
according to the third embodiment of the invention. As shoWn 
in FIG. 11, a gas sensor 20xg is ?tted to an exhaust pipe 10g 
at a position near a merging portion 14g, and an end face 
232xg is visible from all of inlet portions 11g1 to 11g3. 
Therefore, there is a possibility that a crack Will occur in a 
sensor element of the gas sensor 20xg due to entry of the 
condensed Water into the gas sensor 20xg. In contrast, a gas 
sensor 20g is ?tted to the exhaust pipe 10g at a position 
doWnstream of the gas sensor 20xg so that an end face 232g is 
not visible from any of the inlet portions 11g1 to 11g3. There 
fore, it is possible to minimiZe occurrence of a crack in a 
sensor element of the gas sensor 20g due to entry of the 
condensed Water into the gas sensor 20g. The gas sensor 20g 
is ?tted to the exhaust pipe 10g at a position upstream of a 
catalyst 50g. 

While the invention has been described With reference to 
example embodiments thereof, it is to be understood that the 
invention is not limited to the described embodiments or 
constructions. To the contrary, the invention is intended to 
cover various modi?cations and equivalent arrangements. In 
addition, While the various elements of the example embodi 
ments are shoWn in various combinations and con?gurations, 
other combinations and con?gurations, including more, less 
or only a single element, are also Within the scope of the 
claimed invention. 

The invention claimed is: 
1. A gas sensor ?tting structure for ?tting a gas sensor to an 

exhaust pipe of an internal combustion engine, comprising: 
a gas sensor including 

a sensor element, and 
a cover that covers the sensor element, the cover includ 

ing 
an inner cover member having a vent-hole through an 

end face of the inner cover member, and 
an outer cover member disposed around the inner 

cover member, the outer cover member being open 
at an end corresponding to the end face of the inner 
cover member such that the end face of the inner 
cover member is uncovered, 

Wherein the exhaust pipe has multiple inlet portions, and 
Wherein the gas sensor is ?tted to the exhaust pipe at a 

predetermined ?tting angle so that the end face of the 
inner cover member is not visible from any position of 
the multiple inlet portions. 

2. A gas sensor ?tting structure for ?tting a gas sensor to an 
exhaust pipe of an internal combustion engine, comprising: 

a gas sensor including 
a sensor element, and 
a cover that covers the sensor element, the cover includ 

ing 
an inner cover member having a vent-hole through an 

end face of the inner cover member, and 
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10 
an outer cover member disposed around the inner 

cover member, the outer cover member being open 
at an end corresponding to the end face of the inner 
cover member such that the end face of the inner 
cover member is uncovered, 

Wherein the exhaust pipe has a bent portion, and 
Wherein the gas sensor is ?tted to the exhaust pipe at a 

predetermined ?tting angle so that the end face of the 
inner cover member is not visible via the bent portion 
from any position of an inlet portion of the exhaust pipe. 

3. The gas sensor ?tting structure according to claim 1, 
Wherein the exhaust pipe has a bent portion, and 

Wherein the gas sensor is ?tted to the exhaust pipe at the 
predetermined ?tting angle so that the end face of the 
inner cover member is not visible via the bent portion 
from any position of the inlet portions of the exhaust 
pipe. 

4. The gas sensor ?tting structure according to claim 1, 
Wherein the gas sensor is ?tted to the exhaust pipe at the 
predetermined ?tting angle so that the end face of the inner 
cover member is not visible from any position on a virtual 
plane that is surrounded by one of the inlet portions. 

5. The gas sensor ?tting structure according to claim 4, 
Wherein the virtual plane includes an end face of the one of the 
inlet portions of the exhaust pipe. 

6. The gas sensor ?tting structure according to claim 1, 
Wherein the predetermined ?tting angle 0 satis?es the folloW 
ing formula: 

Where h is a diameter of the exhaust pipe, t is a distance 
from an inner Wall face of the exhaust pipe to the end 
face of the inner cover member, and 1 is a distance from 
one of the inlet portions of the exhaust pipe to the gas 
sensor. 

7. The gas sensor ?tting structure according to claim 6, 
Wherein the distance from the one of the inlet portions of the 
exhaust pipe to the gas sensor is a length of a line segment in 
parallel With an axis of the exhaust pipe While extending from 
the one of the inlet portions of the exhaust pipe to the end face 
of the inner cover member; and 

Wherein the predetermined ?tting angle of the gas sensor 
With respect to the exhaust pipe is an angle betWeen the 
axis of the exhaust pipe and an axis of the gas sensor. 

8. The gas sensor ?tting structure according to claim 6, 
Wherein the one of the inlet portions of the exhaust pipe is 
connected to an exhaust port of the internal combustion 
engine, and 

Wherein the predetermined ?tting angle of the gas sensor 
With respect to the exhaust pipe is decreased as the 
distance betWeen the one of the inlet portions and the gas 
sensor decreases. 

9. The gas sensor ?tting structure according to claim 1, 
Wherein the gas sensor is an air-fuel ratio sensor that linearly 
detects an air-fuel ratio based on an oxygen concentration in 
exhaust gas that is discharged from the internal combustion 
engine. 

10. The gas sensor ?tting structure according to claim 2, 
Wherein the gas sensor is ?tted to the exhaust pipe at the 
predetermined ?tting angle so that the end face of the inner 
cover member is not visible from any position on a virtual 
plane that is surrounded by the inlet portion. 

11. The gas sensor ?tting structure according to claim 10, 
Wherein the virtual plane includes an end face of the inlet 
portion of the exhaust pipe. 
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12. The gas sensor ?tting structure according to claim 2, 
wherein the predetermined ?tting angle 6 satis?es the folloW 
ing formula: 

Where h is a diameter of the exhaust pipe, t is a distance 
from an inner Wall face of the exhaust pipe to the end 
face of the inner cover member, and l is a distance from 
the inlet portion of the exhaust pipe to the gas sensor. 

13. The gas sensor ?tting structure according to claim 12, 
Wherein the distance from the inlet portion of the exhaust pipe 
to the gas sensor is a length of a line segment in parallel With 
an axis of the exhaust pipe While extending from the inlet 
portion of the exhaust pipe to the end face of the inner cover 
member; and 

Wherein the predetermined ?tting angle of the gas sensor 
With respect to the exhaust pipe is an angle betWeen the 
axis of the exhaust pipe and an axis of the gas sensor. 

14. The gas sensor ?tting structure according to claim 12, 
Wherein the inlet portion of the exhaust pipe is connected to 
an exhaust port of the internal combustion engine, and 

the predetermined ?tting angle of the gas sensor With 
respect to the exhaust pipe is decreased as the distance 
betWeen the inlet portion and the gas sensor decreases. 

15. The gas sensor ?tting structure according to claim 2, 
Wherein the gas sensor is an air-fuel ratio sensor that linearly 
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detects an air-fuel ratio based on an oxygen concentration in 
exhaust gas that is discharged from the internal combustion 
engine. 

16. An apparatus, comprising: 
an exhaust pipe including an inlet portion; and 
a gas sensor disposed through a Wall of the exhaust pipe at 

a predetermined ?tting angle such that an axis of the gas 
sensor is inclined With respect to an axis of the exhaust 
pipe, the gas sensor including 
a sensor element, 
a tubular inner cover having a closed end face and a 

Vent-hole through the closed end face, an area of the 
Vent-hole being less than an area of the closed end 
face, and 

a tubular outer cover that surrounds longitudinal sides of 
the inner cover, an end of the outer cover, Which 
corresponds to the end face of the inner cover member 
such that the closed end face of the inner cover mem 
ber is directly exposed to an interior of the exhaust 
Pipe, 

Wherein the gas sensor is inclined in the exhaust pipe such 
that a straight line from any position of the inlet portion 
does not intersect the closed end face of the inner cover 
unless the straight line ?rst intersects the outer cover. 

* * * * * 


