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(54)  Structure for attaching exhaust gas sensor

(57)  An exhaust gas collecting groove 64 extending
in a direction of a flow of an exhaust gas is provided to
an inner wall of an exhaust port 40 between an outlet
port 43 and an exhaust pipe attachment portion 74 in a
cylinder head 31 of an internal combustion engine 2, the
outlet port 43 being an upstream entrance to the exhaust
port 40, the exhaust pipe attachment portion 74 being an
exhaust port exit, and the exhaust gas sensor 62 is at-
tached in a way that a front end portion of the exhaust
gas sensor 62 is situated in the rear of the exhaust gas
collecting groove 64.
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Description

[0001] The present invention relates to a structure for
attaching an exhaust gas sensor.

[0002] It has been desired that an exhaust gas sensor
having no heater structure (a heaterless oxygen sensor)
should be configured to be capable of securing a tem-
perature needed for its reaction as early as possible, and
thus of starting to detect oxygen with higher accuracy as
early as possible. On the other hand, because the ex-
haust gas sensor is exposed to a high-temperature ex-
haust gas during the operation, a problem to be solved
is to enhance the accuracy of detecting oxygen while
securing the heat resistance of the exhaust gas sensor.
[0003] Examples of the prior art include an example in
which a part of an exhaust pipe is divided into two pas-
sages. One of the two passages serves as an exhaust
gas main discharge passage having a larger cross sec-
tion, while the other of the two passages serves as an
exhaust gas sensor attachment passage having a small-
er cross section. The exhaust gas main discharge pas-
sage is provided with a quantity-of-flow control valve.
Control is performed by use of a controller unit and an
actuatorin a way that: until the temperature of an element
of the exhaust gas sensor reaches an activation temper-
ature, the quantity-of-flow control valve is shut off to in-
crease the quantity of the exhaust gas flowing to the ex-
haust gas sensor attachment passage and to thereby
raise the temperature of the element; once the temper-
ature of the element of the exhaust gas sensor becomes
equal to or higher than a temperature which thermally
deteriorates the element, the quantity-of-flow control
valve is opened to decrease the quantity of the exhaust
gas flowing to the exhaust gas sensor attachment pas-
sage and to thereby inhibit the rise in the temperature of
the element (see Japanese examined Utility Model pub-
lication No. Hei 1-43461, for example).

[0004] An object of the present invention is to provide
means which allows an exhaust gas sensor having no
heater structure to start detecting oxygen with higher ac-
curacy as early as possible after an internal combustion
engine starts, without depending on the control of the
quantity of flow of the exhaust gas as in the example
described above; and which enhances the accuracy of
detecting oxygen while securing the heat resistance of
the exhaust gas sensor.

[0005] The presentinvention is one which have solved
the problems described above, and a first aspect of the
invention relates to a structure for attaching an exhaust
gas sensor, characterized in that an exhaust gas collect-
ing groove (64) extending in a direction of a flow of an
exhaust gas is provided to an inner wall of an exhaust
port (40) between an outlet port (43) and an exhaust pipe
attachment portion (74) in a cylinder head (31) of an in-
ternal combustion engine (2), the outlet port (43) being
an upstream entrance to the exhaust port (40), the ex-
haust pipe attachment portion (74) being an exhaust port
exit, and the exhaust gas sensor (62) is attached in a
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way that a front end portion of the exhaust gas sensor
(62) is situated in the rear of the exhaust gas collecting
groove (64).

[0006] Asecond aspectoftheinventionis the structure
for attaching an exhaust gas sensor of the first aspect,
characterized in that a base of an element protecting cap
(71) of the exhaust gas sensor (62) is situated in an ex-
haust gas sensor attachment hole (63), and a front end
portion of the element protecting cap is situated in a gas
passage of the exhaust port (40).

[0007] A third aspect of the invention is the structure
for attaching an exhaust gas sensor of the second aspect,
characterized in that a passage shape of the exhaust
port (40) is curved from the outlet port (43), which is an
opening and closing port of an exhaust valve (44), toward
the exhaust pipe attachment portion (74) in a side view
(Fig. 3) extending in a direction of a cylinder axial line
(C), the passage shape of the exhaust port (40) is also
curved in aleft-rightdirection when viewed in the direction
of the cylinder axial line (C) (Fig. 4), and the exhaust gas
collecting groove (64) is provided in a curved exhaust
port’s internal-side inner wall surface (77) and the ex-
haust gas sensor (62) is attached thereto.

[0008] A fourth aspect of the invention is the structure
for attaching an exhaust gas sensor of any one of the
first and second aspects, characterized in that the ex-
haust gas collecting groove (64) is formed, extending up-
stream and downstream of a holding portion (79) for hold-
ing a valve guide (45) (a vicinity of a neck portion (80) of
the exhaust port), which is provided to the exhaust port
(40).

[0009] A fifth aspect of the invention is the structure
for attaching an exhaust gas sensor of the fourth aspect,
characterized in that the exhaust gas collecting groove
(64) is formed in a way that an rear-extended imaginary
termination portion (75), which is formed by extending a
wall surface of the exhaust gas collecting groove (64) in
adownstream direction, almost coincides with an oxygen
concentration detector (69) of the exhaust gas sensor
(62).

[0010] A sixth aspect of the invention is the structure
for attaching an exhaust gas sensor of the fifth aspect,
characterized in that, when the internal combustion en-
gine (2) is started, the internal combustion engine (2) is
controlled by controlling an ignition timing and a fuel in-
jection amount with an amount of the intake air kept con-
stant.

[0011] A seventh aspect of the invention is the struc-
ture for attaching an exhaust gas sensor of any one of
the fourth and fifth aspects, characterized in that the ex-
haust gas sensor (62) is placed in the groove in a way
that the exhaust gas sensor (62) projects from a down-
stream side to an upstream side with respect to a pas-
sage center line (E) of the exhaust port (40).

[0012] Aneighthaspectoftheinventionisthe structure
for attaching an exhaust gas sensor of the seventh as-
pect, characterized in that an axial line (S) of the exhaust
gas sensor (62) is arranged to be displaced by a prede-
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termined dimension (d) from the passage center line (E)
of the exhaust port (40) toward an inner part of a curved
portion of the exhaust port (40).

[0013] According to the first aspect of the invention,
the exhaust gas is guided to the exhaust gas sensor (62)
by the exhaust gas collecting groove (64). Thus, the ex-
haust gas sensor (62) can be activated more early in the
initial stage of the operation of the internal combustion
engine (2).

[0014] According tothe second aspect ofthe invention,
the degree at which the oxygen concentration detector
(69) is exposed to the passage inside the port can be
reduced by use of the exhaust gas guiding effect to the
exhaust gas collecting groove (64). In addition, the heat
resistance of the exhaust gas sensor (62) is enhanced
because the detector (69) is less exposed to the exhaust
gas at high temperature and pressure.

[0015] According to third aspect of the invention, the
exhaust gas sensor (62) is provided in the side part of
the curved portion (Fig. 3), that is to say, the curved ex-
haust port’s internal-side inner wall surface (77). Thus,
the exhaust gas sensor (62) is less exposed to the ex-
haust gas at the high temperature and pressure, and the
heat resistance of the exhaust gas sensor (62) can be
enhanced.

[0016] According to the fourth aspect of the invention
of, even the exhaust gas whose speed is relatively slow
due to the neck portion (80) of the exhaust port (40) flows
into the exhaust gas collecting groove (64) and is then
sent to the exhaust gas sensor (62). Thus, the exhaust
gas sensor (62) can be activated more early.

[0017] According to the fifth aspect of the invention,
the stream of the exhaust gas flowing inside the exhaust
gas collecting groove (64) directly hits on the oxygen con-
centration detector (69) of the exhaust gas sensor (62)
and is thus prevented from bypassing and getting down-
stream of the exhaust gas sensor (62). Thus, the detec-
tion accuracy of the detector of the exhaust gas sensor
(62) can be enhanced.

[0018] According to the sixth aspect of the invention,
the time that it takes for the reaction to start during the
operation start can be reduced even in the internal com-
bustion engine (2) equipped with no amount-of-intake-
air controller (IACV: an idle air control valve).

[0019] According to the seventh aspect of the inven-
tion, the flow of the exhaust gas into the inside of the
oxygen concentration detector (69) can be enhanced,
and accordingly the detection accuracy is enhanced.
[0020] According to the eighth aspect of the invention,
the axial line (S) of the exhaust gas sensor (62) is ar-
ranged to be displaced by the predetermined dimension
(d) from the passage center line (E) of the exhaust port
(40) toward the inner part of the curve of the exhaust port
(40). Thus, it is possible: to prevent the exhaust gas,
which flows at a higher speed during the high output,
from adversely affecting the performance of the internal
combustion engine; and to effectively capture the ex-
haust gas, which flows toward the inner part of the curved
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portion during the operation start when the lower flow
rate is low, by use of the exhaust gas collecting groove
(64). Accordingly, the exhaust gas sensor (62) can be
activated more early.

[0021] Further features and advantages of the inven-
tion will become apparent from the following description
with reference to the drawings, wherein:

Fig. 1 is a left side view of a motorcycle of an em-
bodiment of the present invention;

Fig. 2 is a left side view of a power unit of the motor-
cycle;

Fig. 3 is a view of a longitudinal cross section of a
part of an internal combustion engine, whichincludes
a cylinder head and its vicinities, the part being
viewed from the left side;

Fig. 4 is an arrow view taken along the line IV-1V of
Fig. 3;

Fig. 5 is an arrow view viewed in a direction of the
arrow V of Fig. 4;

Fig. 6 is a longitudinal sectional view of an exhaust
gas sensor;

Fig. 7 is a cross-sectional view taken along the line
VII-VII of Fig. 3;

Fig. 8 is a solid model view of an exhaust port viewed
in a direction of the arrow VIl of Fig. 7;

Fig. 9is a solid model view of the exhaust port viewed
in a direction of the arrow IX of Fig. 8;

Fig. 10 is a magnified cross-sectional view of the
exhaust port and its vicinities shown in Fig. 3; and
Fig. 11 is a cross-sectional view taken along the line
XI-XI of Fig. 10.

[0022] Fig. 1is a left side view of a motorcycle 1 of an
embodiment of the present invention. This motorcycle 1
includes a power unit 4 into which an internal combustion
engine 2 and a power transmission system 3 are inte-
grated. The internal combustion engine 2 is a single-cyl-
inder four-stroke-cycle internal combustion engine. The
power unit 4 is installed in the motorcycle 1 with a crank-
shaft 5 directed in the left-right direction.

[0023] In this motorcycle 1, paired left and right front
forks 9 pivotally supporting a front wheel 8 are steerably
pivotally supported by a head pipe 7 situated in a front
end portion of a vehicle body frame 6 with a steering stem
10 in between. A steering handlebar 11 is attached to a
top portion of the steering stem 10.

[0024] A single main frame 12 as a front portion of the
vehicle body frame 6 extends obliquely downward from
the head pipe 7, and is subsequently bent to extend rear-
ward horizontally. A step floor 13 on which for the driver
to put his/her feet is placed on a horizontal portion of the
main frame 12.

[0025] Arearend portion of the main frame 12 is joined
to a middle portion of a cross frame 14 in the left-right
direction. The cross frame 14 extends in the left-right
direction. Paired left and right pivot plates 15 are joined
to the cross frame 14. The power unit 4 is supported by
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a suspension link 16, which is installed among the pivot
plates 15 and the power unit 4, in a way that the power
unit 4 is swingable in the vertical direction. A front end
portion of a left rear frame 17L and a front end portion of
a right rear frame 17R are joined to the respective left
and right end portions of the cross frame 14.

[0026] The left and right rear frames 17L, 17R extend
obliquely upward from the cross frame 14, and is subse-
quently bent to extend with decreased inclination. Half-
way portions of the respective left and right rear frames
17L, 17R extending obliquely upward are connected and
joined together by a cross member 18. A front half portion
of the right rear frame 17R is higher than a front half
portion of the left rear frame 17L. Rear ends of the re-
spective left and right rear frames 17L, 17R are connect-
ed and joined together by a connecting member 19 which
horizontally extends in the vehicle widthwise direction.
[0027] A seat 20 including a driver’s seat and a pillion
seat is provided above the left and right rear frames 17L,
17R. A storage box 21 is provided between the left and
right rear frames 17L, 17R under a front portion of the
seat 20. A fuel tank 22 is provided under a rear portion
of the seat 20. The vehicle body frame 6 is covered with
a body cover 23 made of a synthetic resin.

[0028] A rear portion of the power unit 4 is supported
by the left rear frame 17L with a rear cushion 24 in be-
tween. A rear wheel 25 is pivotally supported by a rear
end portion of the power transmission system 3. A front
fender 26 is provided over the front wheel 8, a rear fender
27 is provided over the rear wheel 25.

[0029] Fig. 2is a left side view of the power unit4. The
power unit 4 is formed of the internal combustion engine
2 and the power transmission system 3. A crankcase 28
of the internal combustion engine 2 and a front portion
of a case 29 of the power transmission system 3 are
connected together. The crankshaft 5 penetrates an in-
termediate wall between the internal combustion engine
2 and the powertransmission system 3. The internal com-
bustion engine 2 is formed of a cylinder block 30, a cyl-
inder head 31 and a cylinder head cover 32 which are
sequentially connected together in this order from the
rear to the front from the crankcase 28.

[0030] The power transmission system 3 is formed of
a V-belt continuously variable transmission 33 and agear
speed reducer 34. A shaft of a rearmost gear of the gear
speed reducer 34 is a rear wheel shaft 35, and the rear
wheel 25 (Fig. 1) is integrally attached to the rear wheel
shaft 35.

[0031] Fig. 3 is a view of a longitudinal cross section
of a part of the internal combustion engine 2, which in-
cludes the cylinder head 31 and its vicinities, the part
being viewed from the left side. In other words, Fig. 3 is
a view taken along a direction of a cylinder axis line C.
Descriptions of the drawings will be provided with direc-
tions of the arrows Fr, Up, Dn in the drawing denoting
frontward, upward and downward, respectively. In the
drawing, the cylinder head 31 is connected to the cylinder
block 30 by use of bolts 36. The cylinder head cover 32
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is connected to the cylinder head 31 by use of bolts, which
are not illustrated. A curved intake port 39 is formed in
an upper portion of the cylinder head 31. An upstream
end of the intake port 39 is opened upward, and a down-
stream end thereof is opened to a combustion chamber
38. A curved exhaust port 40 is formed in a lower portion
of the cylinder head 31. An upstream end of the exhaust
port 40 is opened to the combustion chamber 38, and a
downstream end thereof is opened downward.

[0032] In the cylinder head 31, an intake valve 42 for
opening and closing an inlet port 41 of the combustion
chamber 38 and an exhaust valve 44 for opening and
closing an outlet port 43 of the combustion chamber 38
are slidably fitted into their respective valve guides 45.
An intake pipe 46 is connected to an opening of the up-
stream end of the intake port 39. A throttle body 37 (Fig.
2) is connected to an upstream end of the intake pipe 46.
A fuel injection valve 47 is attached to the intake pipe 46.
A front end of the fuel injection valve 47 faces the intake
port 39. An exhaust pipe 48 (Fig. 1) is connected to a
downstream end of the exhaust port 40.

[0033] The intake and exhaust valves 42, 44 biased in
their valve-closing directions by respective valve springs
49 are driven to open and close by a valve system 51
inside a valve chamber 50 which is formed by the cylinder
head 31 and the cylinder head cover 32. A single cam
shaft 52 is horizontally, rotatably and pivotally supported
by ball bearings in the valve chamber 50. An intake cam
53 and an exhaust cam 54 are formed integrally with the
cam shaft 52. An intake rocker shaft 55 is provided to the
cylinder head 31 in front of and above the cam shaft 52.
An exhaust rocker shaft 56 is provided to the cylinder
head 31 in front of and under the cam shaft 52. An intake
rocker arm 57 and an exhaust rocker arm 58 are swing-
ably pivotally supported by the intake rocker shaft 55 and
the exhaust rocker shaft 56, respectively. Rollers 59 in
contact with the cams 53, 54 are pivotally supported by
ends of the rocker arms 57, 58, respectively. Contact
members 60 are attached to the other ends of the rocker
arms 57, 58, respectively. These contact members 60
are in contact with top portions of the intake and exhaust
valves 42, 44, respectively. The contact members 60
open and close the respective intake and exhaust valves
42, 44 in accordance with the revolution of the cam shaft
52.

[0034] An attachment hole 63 for an exhaust gas sen-
sor 62 is opened in an inner wall surface of the exhaust
port 40 in a portion close to the downstream end. A front
end portion of the exhaust gas sensor 62 is exposed to
the inside of the exhaust port 40. An exhaust gas collect-
ing groove 64 extending from an upstream portion of the
exhaust port 40 to the attachment hole 63 is provided in
the inner wall of the exhaust port 40. Descriptions will be
later provided for how this groove works.

[0035] Fig. 4 is an arrow view taken along the line IV-
IV of Fig. 3. In other words, Fig. 4 is a view of the cylinder
head 31 viewed from the rear in the direction of the cyl-
inder axis line C. Incidentally, Fig. 3 is a cross-sectional
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view taken along the line IlI-Ill of Fig. 4. The directions
indicated with the arrows Up, L, R in the drawing repre-
sent upward, leftward and rightward, respectively. Fig. 4
is a view of the cylinder head 31 viewed from the com-
bustion chamber 38. A surface around the combustion
chamber 38 is a contact surface 65 with the cylinder block
30. The inlet and outlet ports 41, 43 of the combustion
chamber 38 are shown in the drawing. The intake port
39 communicates with the inlet port 41, and the exhaust
port 40 communicates with the outlet port 43. The ex-
haust gas sensor 62 is attached to the cylinder head 31
in a way that the exhaust gas sensor 62 faces the down-
stream portion of the exhaust port 40.

[0036] In Figs. 3 and 4, the shape of the passage of
the exhaust port 40 is curved from the outlet port 43 to-
ward an exhaust pipe attachment portion 74 in the side
view of the internal combustion engine 2 (Fig. 3) taken
along the direction of the cylinder axis line C. In addition,
the shape of the passage of the exhaust port 40 is curved
in the left-right direction in the view (Fig. 4) in the direction
of the cylinder axis direction C. In the drawing, the ex-
haust gas collecting groove 64 extending in a direction
of the flow of the exhaust gas is provided in the inner wall
of the exhaust port 40 between the outlet port 43 and the
exhaust pipe attachment portion 74. The exhaust gas
sensor attachment hole 63 is provided, and the exhaust
gas sensor 62 is attached to the exhaust gas sensor at-
tachment hole 63, in a way that the front end portion of
the exhaust gas sensor 62 is located in the back of the
exhaust gas collecting groove 64. For this reason, the
exhaust gas is guided to the exhaust gas sensor 62 by
the exhaust gas collecting groove 64. Thus, the exhaust
gas sensor 62 can be activated more early when the in-
ternal combustion engine is started.

[0037] Fig. 5is an arrow view viewed in a direction of
the arrow V of Fig. 4. An uppermost portion of this drawing
represents the contact surface 65 with the cylinder block
30, and a lowermost portion of this drawing represents
a contact surface 66 with the cylinder head cover 32. An
exhaust pipe attachment flange 67 is marked with an
imaginary line. The exhaust gas sensor 62 is attached,
directed to the exhaust port 40.

[0038] Fig. 6 is a longitudinal sectional view of the ex-
haust gas sensor 62. A sensor element 68 is placed in
the middle portion of the exhaust gas sensor 62. The
sensor element 68 is obtained by: forming a solid elec-
trolyte essentially containing zirconia (ZrO,) into a
closed-end tube; and adhering a platinum (Pt) thin film
to the outer surface of the resultant closed-end tube. The
sensor element 68 is designed in a way that the atmos-
phere is introduced into the inside of the sensor element
68 while the outer portion of the sensor element 68 is
exposed to the exhaust gas. A front end portion of the
exhaust gas sensor 62 is an oxygen concentration de-
tector 69. An element protecting cap 71 having numerous
pores 70is provided to the front end portion of the exhaust
gas sensor 62. The exhaust gas enters the inside of the
exhaust gas sensor 62 through the pores 70, and comes
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into contact with the outer periphery of the sensor ele-
ment 68. The atmosphere is introduced through an at-
mosphere introducing port 72 via a filter 73. An electro-
motive force is produced due to the difference in oxygen
concentration between the inside and outside of the el-
ement 68. The detection of the oxygen concentration is
achieved by detecting the electromotive force. For the
purpose of detecting the electromotive force of the ex-
haust gas sensor 62, an electric cord 61 connected to
the inside and outside of the element is extended out
from an end portion of the exhaust gas sensor 62. It is
possible to know a change in the oxygen concentration
through a sudden change in the electromotive force
which takes place around a theoretical air-fuel ratio. A
condition in which the exhaust gas sensor 62 detects the
oxygen concentration most accurately, in other words, a
temperature of the element 68 in an activated state, is
not less than 300°C, but not greater than 900°C. For this
reason, the temperature of the element 68 is required to
be raised as early as possible, especially, when the in-
ternal combustion engine is started. In addition, the ele-
ment 68 is required not to be heated to an excessively
high temperature during the operation.

[0039] Fig. 7 is a cross-sectional view taken along the
line VII-VII of Fig. 3. Fig. 7 is a view of the cross section
of the exhaust port 40, the exhaust gas sensor 62 and
their vicinities shown in Fig. 4, the cross section being
viewed from the back of Fig. 4. This is a magnified cross-
sectional view showing an attachment portion to which
the exhaust gas sensor 62 is attached in detail. The il-
lustration of the exhaust valve 44 is omitted. The outlet
port 43 is seen in the upstream portion of the exhaust
port 40. The main stream of the exhaust gas flows in a
direction of the arrow F. The front end of the detector 69
of the exhaust gas sensor 62 is exposed to the exhaust
gas stream. The exhaust gas gets to the outer surface
of the element 68 (Fig. 6) through the multiple pores 70
which are provided in the element protecting cap 71.
[0040] In Fig. 7, the exhaust gas collecting groove 64
and the exhaust gas sensor 62 are provided to a curved
exhaust port’s internal-side inner wall surface 77. During
the high-speed operation of the internal combustion en-
gine 2, the exhaust gas at high temperature and pressure
flows at a high speed along a curved exhaust port’s ex-
ternal-side inner wall surface 78 which is away from the
exhaust gas collecting groove 64 and the exhaust gas
sensor 62. For this reason, during the high-speed oper-
ation, the exhaust gas sensor 62 is less exposed to the
exhaust gas at the high temperature and pressure, and
the heat resistance of the exhaust gas sensor 62 is ac-
cordingly enhanced.

[0041] Figs. 8 and 9 are each a solid model view of the
exhaust port 40. Although the exhaust port 40 is a space
having no solid existence, Figs. 8 and 9 are perspective
views of a model which is produced as if the exhaust port
40 had asolid existence. Fig. 8 shows a viewin a direction
of the arrow VIII of Fig. 7. Fig. 9 is a view in a direction
of the arrow IX of Fig. 8.
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[0042] In Fig. 8, the exhaust gas collecting groove 64
is formed in a way that a rearward-extended imaginary
termination end 75 of the groove, which is formed by
extending the wall surface of the groove in the down-
stream direction, almost coincides with the oxygen con-
centration detector 69 of the exhaust gas sensor 62. For
this reason, the exhaust gas flowing in the exhaust gas
collecting groove 64 directly hits on the detector 69 of
the exhaust gas sensor 62. This makes it possible to
prevent the exhaust gas from bypassing and getting
downstream of the exhaust gas sensor 62. Accordingly,
the detection accuracy of the exhaust gas sensor 62 can
be enhanced.

[0043] In Fig. 7, the exhaust gas sensor 62 is placed,
directed to the exhaust port 40 in a way that the exhaust
gas sensor 62 project from the downstream side to the
upstream side with respect to a passage center line E of
the exhaust port 40. The flow direction F of the main
stream of the exhaust gas coincides with the passage
center line E of the exhaust port 40. In other words, in
Fig. 7, an angle o between the flow direction F of the
main stream of the exhaust gas and an axial line S of the
exhaust gas sensor 62 is acute. This makes it possible
to improve the flow of the exhaust gas into the inside of
the detector 69 of the exhaust gas sensor 62, and ac-
cordingly to enhance the detection accuracy.

[0044] Fig. 10 is a magnified cross-sectional view of
the exhaust port 40 and its vicinities shown in Fig. 3. Fig.
11 is a cross-sectional view taken along the line XI-XI of
Fig. 10. The lowermost portion of each of Figs. 10 and
11 represents the contact surface 65 with the cylinder
block 30. The front end of the exhaust gas sensor 62 is
exposed to the inside of the exhaust port 40.

[0045] InFig. 10, the exhaust gas collecting groove 64
is formed, extending upstream and downstream of a neck
portion 80 (see Fig. 8 as well) where the exhaust port 40
becomes narrower due to a valve guide holding portion
79. Because even the exhaust gas whose speed slows
down due to the neck portion 80 flows into the exhaust
gas collecting groove 64, it is possible to activate the
sensor more early in an initial stage of the start.

[0046] InFig. 11, abase 71a of the element protecting
cap 71 of the exhaust gas sensor 62 is situated in the
exhaust gas sensor attachment hole 63, and a front end
portion 71b of the element protecting cap 71 is situated
in the exhaust gas passage of the exhaust port 40. The
purpose of this arrangement is to reduce the exposure
of the detector 69 to the exhaust gas at the high temper-
ature and pressure by decreasing the degree at which
the detector 69 is exposed to the gas passage in the
exhaust port 40 by use of the effect of guiding the exhaust
gas, and to enable the oxygen concentration to be de-
tected while enhancing the heat resistance of the exhaust
gas sensor 62.

[0047] InFigs.10and 11, the axial line S of the exhaust
gas sensor 62 is arranged to be displaced by a dimension
d from the passage center line E of the exhaust port 40
toward an inner part of the curve of the exhaust port 40,
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that is to say, toward the contact surface 65 with the cyl-
inder block 30. During the start of the internal combustion
engine 2, when the exhaust gas is flowing at a low speed,
the stream of the exhaust gas flows toward the inner part
of the curved portion in a direction of the arrow L in Fig.
10. This flow is effectively captured by the exhaust gas
collecting groove 64. For this reason, the activation can
be achieved early in the initial stage of the start. During
the high output of the internal combustion engine 2, the
exhaust gas sensor 62 does not obstruct the flow of the
exhaust gas because: the flow speed of the exhaust gas
is fast; and the exhaust accordingly flows in the outer
part of the curved portion in a direction of the arrow H in
Fig. 10.

[0048] The embodiment controls the ignition timing
and the fuel injection amount with the amount of the in-
take air kept constant, when the internal combustion en-
gine 2 is started. To put it specifically, the embodiment
makes it possible to reduce the time that it takes for the
reaction to start, even in a case where the control is car-
ried out by only increasing the advance angle for the ig-
nition timing and the fuel injection amount without carry-
ing out the intake air control nor the like when the engine
is started, in a structure from which the acceleration of
the engine warm-up by increasing the engine speed
through the warming-up operation cannot be expected.
[0049] As described above in detail, the embodiment
brings about the following effects.

(1) The exhaust gas is guided to the exhaust gas
sensor 62 by the exhaust gas collecting groove 64.
Thus, the exhaust gas sensor 62 can be activated
more early in the initial stage of the operation.

(2) Only the front end portion of the element protect-
ing cap 71 of the exhaust gas sensor 62 is situated
in the exhaust port 40. Thus, the function of the ex-
haust gas sensor 62 can be fully employed, and the
heat resistance of the exhaust gas sensor 62 can be
enhanced by reducing the exposure of the exhaust
gas sensor 62 to the exhaust gas at the high tem-
perature and pressure.

(3) The exhaust port 40 is shaped like a curve when
viewed in the direction of the cylinder axial line C
(Fig. 4) and the exhaust gas collecting groove 64,
and the exhaust gas sensor 62 are provided in the
internal-side inner wall of the curved exhaust port
40. Thus, the exposure of the exhaust gas sensor
62 to the exhaust gas at the high temperature and
pressure can be reduced, and the heat resistance
of the exhaust gas sensor 62 can be accordingly
enhanced.

(4) The gas whose speed is slowed down due to the
valve guide holding portion 79 also flows into the
exhaust gas collecting groove 64 and is thus sent to
the exhaust gas sensor 62, Thus, the exhaust gas
sensor 62 can be activated more early.

(5) The exhaust gas collecting groove 64 is formed
in a way that the rearward-extended imaginary ter-
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mination portion 75 of the exhaust gas collecting
groove 64, which is formed by extending the inner
wall surface thereof in the downstream direction, al-
most coincides with the oxygen concentration detec-
tor 69 of the exhaust gas sensor 62. Thus, the ex-
haust gas flowing inside the exhaust gas collecting
groove 64 concentratedly flows into the detector 69
of the exhaust gas sensor 62, and it is accordingly
possible to enhance the detection accuracy of the
detector 69 of the exhaust gas sensor 62.

(6) The time that it takes for the activation to start
can be reduced even in the internal combustion en-
gine 2 which does not control the amount of the in-
take air.

(7) The exhaust gas sensor 62 is placed in a way
that the axial line S thereof tilts toward the upstream
side with respect to the passage center line E of the
exhaust port 40. Thus, the exhaust gas flows into
the inside of the exhaust gas sensor 62 well, and the
detection performance can be accordingly en-
hanced.

(8) The exhaust gas sensor 62 is arranged to be
displaced by the predetermined dimension d from
the passage center line E of the exhaust port 40 to-
ward an inner part of the curved portion of the ex-
haust port when viewed from the side (that is to say,
toward the contact surface 65 with the cylinder block
30). Thus, even during the start of the internal com-
bustion engine 2 when the exhaust gas is flowing at
a low speed, the exhaust gas collecting groove 64
is capable of capturing the stream of the exhaust gas
effectively, and the activation can be achieved early
in the initial stage of the start. In addition, during the
high output in which the flow speed of the exhaust
gas is higher, the exhaust gas sensor 62 does not
obstruct the flow of the exhaust gas.

Main Reference Numerals

[0050]

2 internal combustion engine

31 cylinder head

40  exhaust port

43  outlet port

44  exhaust valve

45  valve guide

62  exhaust gas sensor

63  exhaust gas sensor attachment hole
64  exhaust gas collecting groove
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69  oxygen concentration detector

71  element protecting cap

74  exhaust pipe attachment portion

75 rearward-extended imaginary termination portion
of exhaust gas collecting groove 64

77  curved exhaust port’s internal-side inner wall sur-
face

78  curved exhaust port’s external-side inner wall sur-
face

79  valve guide holding portion

80  neck portion of exhaust port 40

C cylinder axial line

D dimension of displacement of exhaust gas sensor

E passage center line of exhaust port 40

S axial line of exhaust gas sensor 62

Claims

1. A structure for attaching an exhaust gas sensor,

wherein

an exhaust gas collecting groove (64) extending in
a direction of a flow of an exhaust gas is provided to
an inner wall of an exhaust port (40) between an
outlet port (43) and an exhaust pipe attachment por-
tion (74) in a cylinder head (31) of an internal com-
bustion engine (2), the outlet port (43) being an up-
stream entrance to the exhaust port (40), the exhaust
pipe attachment portion (74) being an exhaust port
exit, and

the exhaust gas sensor (62) is attached in a way that
a front end portion of the exhaust gas sensor (62) is
situated in the rear of the exhaust gas collecting
groove (64).

The structure for attaching an exhaust gas sensor
of claim 1, wherein

a base of an element protecting cap (71) of the ex-
haust gas sensor (62) is situated in an exhaust gas
sensor attachment hole (63), and

a front end portion of the element protecting cap (71)
is situated in a gas passage of the exhaust port (40).

The structure for attaching an exhaust gas sensor
of claim 2, wherein

a passage shape of the exhaust port (40) is curved
from the outlet port (43), which is an opening and
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closing port of an exhaust valve (44), toward the ex-
haust pipe attachment portion (74) in a side view
(Fig. 3) extending in a direction of a cylinder axial
line (C),

the passage shape of the exhaust port (40) is also
curved in a left-right direction when viewed in the
direction of the cylinder axial line (C) (Fig. 4), and
the exhaust gas collecting groove (64) is provided in
a curved exhaust port’s internal-side inner wall sur-
face (77) and the exhaustgas sensor (62) is attached
thereto.

The structure for attaching an exhaust gas sensor
of any one of claims 1 and 2, wherein the exhaust
gas collecting groove (64) is formed, extending up-
stream and downstream of a holding portion (79) for
holding a valve guide (45) (a vicinity of a neck portion
(80) of the exhaust port), which is provided to the
exhaust port (40).

The structure for attaching an exhaust gas sensor
of claim 4, wherein the exhaust gas collecting groove
(64) is formed in a way that an rear-extended imag-
inary termination portion (75), which is formed by
extending awall surface of the exhaust gas collecting
groove (64) in a downstream direction, almost coin-
cides with an oxygen concentration detector (69) of
the exhaust gas sensor (62).

The structure for attaching an exhaust gas sensor
of claim 5, wherein, when the internal combustion
engine (2) is started, the internal combustion engine
(2) is controlled by controlling an ignition timing and
a fuel injection amount with an amount of the intake
air kept constant.

The structure for attaching an exhaust gas sensor
of any one of claims 4 and 5, wherein the exhaust
gas sensor (62) is placed in the groove in a way that
the exhaust gas sensor (62) projects from a down-
stream side to an upstream side with respect to a
passage center line (E) of the exhaust port (40).

The structure for attaching an exhaust gas sensor
of claim 7, wherein an axial line (S) of the exhaust
gas sensor (62) is arranged to be displaced by a
predetermined dimension (d) from the passage cent-
er line (E) of the exhaust port (40) toward an inner
part of a curved portion of the exhaust port (40).
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