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FIG. 2 
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SUCTION STRUCTURE FOR INTERNAL 
COMBUSTION ENGINES 

TECHNICAL FIELD 

[0001] The present invention relates to an air intake appa 
ratus for an internal combustion engine, and particularly to 
an air intake apparatus in Which a magnetic inertia effect is 
employed. 

BACKGROUND ART 

[0002] The above-mentioned art is disclosed, for example, 
in Japanese Patent Application Laid-Open No. 60-224924, 
Japanese Patent Application Laid-Open No. 6-81719, Japa 
nese Patent Application Laid-Open No. 6-81735, and J apa 
nese Patent Application Laid-Open No. 8-170536. 

[0003] In the apparatus shoWn in FIG. 2 of the Japanese 
Patent Application Laid-Open No. 60-224924, an output 
torque of the internal combustion engine is increased using 
the magnetic inertia effect, because the position of an 
opening to an intake pipe is changed by rotating an approxi 
mately cylindrical surge tank and the length of the intake 
pipe is thus changed. 

[0004] In the apparatus shoWn in FIG. 33 of the Japanese 
Patent Application Laid-Open No. 6-81719 or FIG. 3 of the 
Japanese Patent Application Laid-Open No. 6-81735, an 
output torque of the internal combustion engine When 
rotated in a loW speed is increased by providing a to increase 
the length of an intake pipe by closing a switching valve 
provided in the middle of the intake pipe When the internal 
combustion engine rotates at a loW speed. 

[0005] In the apparatus described in the Japanese Patent 
Application Laid-Open No. 8-170536, tWo intake pipes of 
Which the length are different from each other are employed 
and a cylindrical blocking mechanism is provided in the 
middle of the shorter intake pipe. An output torque of the 
internal combustion engine is increased by using both of 
short and long intake pipes to increase the sectional area of 
a ?oW passage or by using only the long intake pipe 

[0006] In the above-mentioned prior art, the length of the 
intake pipe or the sectional area of its ?oW passage is 
changed in order to increase the output torque by using the 
inertia effect of the intake air to the internal combustion 
engine. Further, a butter?y valve or a cylindrical sWitching 
valve is used to change them. 

[0007] The apparatus in Which the butter?y valve is used 
has a valve body and a an axis of rotation. These members 
are made separately and screWed to each other. The axis of 
rotation is an elongated and rod-shaped member to Which a 
plurality of butter?y valves are ?xed. Further, a bearing is 
provided not only at both ends of the axis of rotation but 
betWeen the butter?y valves so that the rotation may be not 
prevent due to the de?ection. Because it is necessary to 
divide the intake pipe into tWo to install the valve body With 
such structure and the bearing in the middle of the intake 
pipe, there is a fear that the dimensional accuracy in assem 
bly is deteriorated. 

[0008] While, the apparatus in Which the cylindrical 
sWitching valve is used has an opening penetrating in a 
radial direction. A valve is formed from the opening and 
members other than it. An intake air passing through the 
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opening is interrupted by the rotation of the opening. 
Because the Whole periphery of the cylinder forms an axis 
of rotation in this mechanism, the change in the shape due 
to de?ection is less than that in a butter?y valve. Further, 
because the axis and the valve can be fabricated in one, there 
is an advantage that it is easy to fabricate. Further, by using 
an assembling method in Which a hole through Which a 
cylindrical sWitching valve is inserted in a axial direction is 
fabricated integrally in a part of the intake pipe of the air 
intake apparatus, and the cylindrical sWitching valve is 
inserted into the hole, it become unnecessary to divide the 
intake pipe into tWo as in the case of the butter?y valve. It 
is, therefore, possible to prevent the deterioration of the 
dimensional accuracy in a radial direction When assembled. 

[0009] HoWever, as compared With the apparatus in Which 
the axis of rotation is made of an elongated and rod-like axis 
member as in the case that the butter?y valve is used, it is 
necessary to improve a method for ?xing in a radial direction 
in the case that the cylindrical sWitching valve is used. In the 
apparatus disclosed in the above-mentioned Japanese Patent 
Application Laid-Open No. 8-170536, one end of the cylin 
drical sWitching valve causes to be contacted on an aperture 
provided at the bottom of the hole, and it is biased in an axial 
direction With a spring not so as to it departs from the 
aperture. 

[0010] In the above prior art, the relationship betWeen the 
direction of the axis of rotation of a connection member by 
Which the rotary mechanism for rotating the cylindrical 
sWitching valve and the cylindrical sWitching valve are 
connected, and the direction of the axis of rotation of the 
cylindrical sWitching valve, is not out of consideration. 
Accordingly, there Was possibility that the rotation is not 
smoothly transmitted When there is displacement or incli 
nation betWeen them. 

DISCLOSURE OF INVENTION 

[0011] The present invention can provide an air intake 
apparatus Which can solve the problems Which can not be 
solved in the prior art. Namely, in the present invention, an 
input shaft Which is a member for connecting a cylindrical 
sWitching valve and a rotary mechanism together, and the 
cylindrical sWitching valve, are brought into contact With 
each other via a ball-like member. In the above structure, the 
ball-like member serves as a kind of ball joint, so that 
rotation can be smoothly transmitted even When there is an 
angle of inclination betWeen the direction of the axis of 
rotation of the input shaft by Which the rotary mechanism for 
rotating the cylindrical sWitching valve and the cylindrical 
sWitching valve are connected, and the direction of the axis 
of rotation of this sWitching valve. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] FIG. 1 is a perspective vieW of an air intake 
apparatus for guiding an intake air supplied to an internal 
combustion engine. 

[0013] FIG. 2 is a sectional vieW taken along a line a-a of 
FIG. 1. 

[0014] FIG. 3 is a perspective vieW of a part of a sWitching 
valve 8. 

[0015] FIG. 4 is a sectional vieW taken along a line d-d of 
FIG. 3. 
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[0016] FIG. 5 is a sectional vieW taken along a line e-e of 
FIG. 3. 

[0017] FIG. 6 is a enlarged vieW of a P portion shoWn in 
FIG. 5. 

[0018] FIG. 7 is a sectional vieW of a valve body 801. 

[0019] FIG. 8 is a sectional vieW of a valve body 801. 

[0020] FIG. 9 is a perspective vieW of a part of the 
switching valve 8. 

[0021] 
FIG. 9. 

FIG. 10 is a sectional vieW taken along a line f-f of 

[0022] FIG. 11 is a sectional vieW shoWing a connection 
portion of the sWitching valve 8 and a negative pressure 
module 9. 

[0023] FIG. 12 is a enlarged vieW of Q part shoWn in FIG. 
11. 

[0024] FIG. 13 is a perspective vieW of an input shaft 16. 

[0025] FIG. 14 is a sectional vieW shoWing a connection 
structure of the input shaft 16 and a ball 161. 

[0026] FIG. 15 is a sectional vieW shoWing a connection 
structure of the input shaft 16 and the sWitching valve 8. 

[0027] FIG. 16 is a sectional vieW shoWing an eXample of 
a bearing mechanism of the sWitching valve. 

[0028] FIG. 17 is a perspective vieW of a bearing member 
21. 

[0029] FIG. 18 is a sectional vieW shoWing another 
eXample of the mechanism similar to one of FIG. 16. 

[0030] FIG. 19 is a sectional vieW shoWing another 
eXample of the mechanism similar to one of FIG. 16. 

[0031] 
30. 

[0032] FIG. 21 is a sectional vieW taken along a line d-d 
of FIG. 3 as in FIG. 4. 

[0033] FIG. 22 is a sectional vieW taken along a line d-d 
of FIG. 3 as in FIG. 4. 

FIG. 20 is a perspective vieW of a bearing member 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0034] Embodiments of the present invention Will be 
eXplained hereinafter. 

[0035] While the present embodiment eXplains an 
eXample of a spark ignition type internal combustion engine 
Which use fuel such as gasoline, it should be noted that the 
present invention may be applied to another type engine 
such as a self-ignition type engine. 

[0036] Referring to FIG. 2 and FIG. 3, the structure of an 
air intake apparatus for an internal combustion engine Will 
be eXplained. FIG. 1 is a perspective vieW of an air intake 
apparatus for guiding an intake air supplied to an internal 
combustion engine, and FIG. 2 is a sectional vieW taken 
along a line a-a of FIG. 1. 

[0037] In FIG. 1, the air intake apparatus mainly includes 
an intake pipe 2 to guide the intake air to the internal 
combustion engine. 
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[0038] An injector 5 is provided to the intake pipe 2 to 
supply fuel to a combustion chamber 11 of a cylinder of the 
internal combustion engine shoWn in FIG. 2. A fuel pipe 4 
is provided to the injector 5 to supply the fuel. 

[0039] The intake pipe 2 comprises a collector 201 having 
one chamber, a branch 202 having air intake passages of the 
same number as cylinders of the internal combustion engine, 
a ?ange 203 to be connected to a throttle sWitching valve 
(not shoWn) for adjusting an amount of intake air, and a 
?ange 204 to be connected to an internal combustion engine 
block 1 shoWn in FIG. 2. These components are fabricated 
or assembled in one. 

[0040] To the branch 202, a valve holder 206 and a 
common volume 207 are further provided. The common 
volume 207 is a chamber having one space eXtended in a 
direction perpendicular to the plural branches 202. The 
common volume 207 has openings of the same number as 
the branches 202, each connected ?uidly to the valve holder 
206 corresponding to the branch 202. The valve holder is a 
hole-like chamber into Which a sWitching valve 8 is inserted, 
and has one space eXtending in a direction perpendicular to 
the plural branches 202. 

[0041] The sWitching valve 8 is inserted into a hole of the 
valve holder 206 and assembled so as to open and close the 
passages betWeen the common volume 207 and the branches 
202. 

[0042] A negative pressure module 9 including a differ 
ential pressure actuator 901 and an electromagnetic valve 
902 is connected to one end of the sWitching valve 8. The 
sWitching valve 8 is driven by the negative pressure module 
9. The drive mechanism such as a diaphragm actuator using 
the difference of pressure betWeen the atmospheric pressure 
and the negative pressure generated in the intake pipe during 
operation of the internal combustion engine, is Widely used. 
The negative pressure module has the above-mentioned 
principle and comprises the differential pressure actuator 
901 for converting a differential pressure into movement and 
the electromagnetic valve 902 for interrupting the pressure 
to the differential pressure actuator 901. It performs open/ 
close of the sWitching valve 8, that is, on/off control. 

[0043] The above-mentioned components and parts are 
assembled integrally and ?xed to the internal combustion 
engine as is. Thereby, it becomes easy to assemble as 
compared With the case that their parts are installed in the 
internal combustion engine one by one. As a result, the 
assembly time can be shorten. 

[0044] In a plurality of combustion chambers 11 of the 
internal combustion engine block 1 shoWn in FIG. 2, air-fuel 
mixture is burned. The eXpansion pressure generated forces 
a piston doWn to produce poWer. An ignition plug 3 ignite 
the air-fuel miXture With spark, an air intake valve 13 
introduces the intake air to the combustion chamber, and an 
eXhaust valve 14 emit a gas after combustion, 

[0045] The intake air branches from a collector 201 to 
plural branches 202, and then introduced to the combustion 
chamber 11 of the internal combustion engine. The chamber 
of the common volume 207 is connected ?uidly to the inside 
of the branches 202 via the sWitching valve 8 and the inside 
of the sub-branches 610 of the same number as the branches 
202. 
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[0046] The valve holder 206 is molded integrally With the 
branches 202 and the sub-branches 610. It is made of the 
material possible to maintain the rigidity in order to keep the 
strength. For example, it is made of metal such as steel or 
light metal alloy, or material including impact modi?er in 
the case that resin material is used. 

[0047] Because the sWitching valve 8 has the form pos 
sible to mold integrally, it is possible to make by casting or 
forging of light metal alloy, etc. 

[0048] Effects due to open or close of the sWitching valve 
8 Will be explained next. 

[0049] In the case that the engine speed of the internal 
combustion engine is loW, the sWitching valve is set to be at 
a close position. In this position, the intake air is introduced 
into the internal combustion engine via a chamber of the 
longer branch 202. When the intake air ?oWs via the longer 
passage, the intake air has a resonance point at a loW 
frequency, from a vieW of acoustic theory. Accordingly, such 
an intake pipe is suitable at a loW engine speed of the internal 
combustion engine. 

[0050] While, in the case that the engine speed of the 
internal combustion engine is high, the sWitching valve is set 
to be at an open position. Because in this position it is 
connected spatially to another branch 202 in the middle of 
the branch 202, it is possible to obtain the inertia effect at an 
engine speed corresponding to the resonance frequency of 
the pipeline having the length of the shorter sub-branch plus 
the sWitching valve. Accordingly, such an intake pipe is 
suitable at a high engine speed of the internal combustion 
engine. 

[0051] Next, the structure of the sWitching valve 8 Will be 
explained. FIG. 3 is a perspective vieW of a part of a 
sWitching valve 8. 

[0052] The sWitching valve 8 is arranged so as to intersect 
the direction of path of the sub-branch 610. 

[0053] The major components of the sWitching valve 8 are 
a valve body 801 and an axis 802. The valve body 801 has 
a plate-like shape. The axis 802 has the shape different from 
one of a butter?y valve, and it has a disk-like shape or solid 
round-bar-like shape, of Which the diameter is substantially 
the same as the axis 801. Since the forms of the valve body 
801 and the axis 802 are simple, it is easy to fabricate in one. 
For example, it may be possible to fabricate by molding of 
plastics, or by casting or forging of light metal alloy such as 
aluminium alloy, etc. It is needless to say that different 
materials may be used for the valve body 801 and the axis 
802. Agroove 803 is formed on the circumference of the axis 
802, and a seal ring 6 is ?tted in the groove 803. This seal 
ring 6 is ?tted freely in a rotation direction of the sWitching 
valve 8. The material of the seal ring 6 can be set in vieW of 
a sliding characteristic. 

[0054] 
FIG. 3. 

[0055] The outer diameter @d of the axis 802 is set to be 
smaller than the inner diameter @D of the valve holder 206, 
Which is set to be larger than the height h of the inside 
passage of the sub-branch 610. The operating angle is 
indicated by 0 as shoWn in the ?gure. It is seen that it is not 
required to rotate by 

[0056] 90 degrees. 

FIG. 4 is a sectional vieW taken along a line d-d of 
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[0057] Further, in the case that the divided portion 601 is 
provided in the seal ring 6 in order to attach the seal ring 6 
to the groove 803 of the sWitching valve 8, the effect of the 
leakage of the intake air can be lessen When the position of 
the divided portion 601 is provided on the side of common 
volume 207 as shoWn in FIG. 4. 

[0058] The relationship of the siZe of the engaging portion 
of the groove 803 of the sWitching valve 8 and the seal ring 
6 Will be explained next. 

[0059] FIG. 5 is a sectional vieW taken along a line e-e of 
FIG. 3, and FIG. 6 is a enlarged vieW of a P portion shoWn 
in FIG. 5. 

[0060] The thickness of the seal ring 6 is set to be smaller 
than the Width of the groove 803, in order to maintain the 
clearance in an axial direction of the sWitching valve 8. As 
shoWn in FIG. 6, the outer diameter of the valve holder 206 
in a free state in Which it is not yet inserted into the valve 
holder 206 is set to be larger than its inner diameter so that 
the seal ring may not change in shape. The length of the 
projecting portion of the seal ring 206 is set so that it alWays 
projects from the outer diameter of the axis 802. Further, the 
inner diameter of the valve holder 206 in a state in Which it 
is inserted into the valve holder 206 is set to be larger than 
the outer diameter of the groove 803 of the sWitching valve 
8 to obtain the clearance in a radial direction. When the 
above-mentioned assembly of the sWitching valve 8 and the 
seal ring 6 is inserted into the valve holder 206, the seal ring 
6 is pressed on the inner surface and ?xed. Therefore, it 
becomes impossible to rotate freely. Since there is the 
clearance betWeen the seal ring 6 and the groove 803 of the 
sWitching valve 8, the sWitching valve 8 can rotate freely. 

[0061] Further, the gap in the axial direction of the sWitch 
ing valve 8 is curved in the radial direction at a position of 
the groove 803, that is, it has a labyrinth structure for the 
How of intake air. It is, therefore, possible to minimiZe the 
leakage of the intake air in the axial direction. 

[0062] FIG. 7 is a sectional vieW of a valve body 801 of 
the sWitching valve 8, and shoWs the d-d section of FIG. 3 
as shoWn in FIG. 4. 

[0063] An end portion 805 of the valve body 801 touches 
internally the circle of the axis 802 With the outer diameter 
@d. The valve body 801 has a loZenge-like shape of Which 
the thickness increase linearly as it approaches from the end 
portion 805 to the center. Unlike a ?at plate With ?xed 
thickness, Such shape ensures deformation-resisting 
strength. Further, it is also possible to avoid the sudden 
increase of resistance. 

[0064] FIG. 8 shoWs another example of a sectional vieW 
of the valve body 801 of the sWitching valve 8. 

[0065] The sectional form of the valve body 801 has a 
spindle-like shape of Which the thickness increase With 
bending as it approaches from the end portion 805 to the 
center. The same effects as FIG. 7 is obtained by using such 
sectional form. 

[0066] FIG. 9 shoWs another example of the sWitching 
valve 8, and is a perspective vieW of a part of the sWitching 
valve 8. FIG. 10 is a sectional vieW taken along a line f-f of 
FIG. 9. 
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[0067] The air intake passage is obtained by forming a 
passage 806 of Which the sectional form is substantially the 
same as the sub-branch 610 inside of the switching valve 8. 
The opening and closing of the passage 806 is performed by 
rotating the Whole sWitching valve 8 by operating angle 0, 
as shoWn in FIG. 10. Because in the case of closing 
operation the sub-branch 610 is just blocked to the passage 
806, the operating angle 0 may be smaller than 90 degrees. 

[0068] Referring next to FIG. 11, the structure of a 
supporting portion of the sWitching valve 8. FIG. 11 is a 
sectional vieW shoWing a connection portion of the sWitch 
ing valve 8 and a negative pressure module 9 of the c-c 
section shoWn in FIG. 1. 

[0069] In FIG. 11, the sWitching valve 8 is inserted into 
the valve holder 206 integrated With the branch 202, and the 
negative pressure module 9 is ?xed on the end face of the 
valve holder 206. A hole 807 for engagement is provided at 
the end portion of the sWitching valve 8, into Which the ball 
161 provided at the end portion of the input shaft 16 of the 
negative pressure module 9. 

[0070] A ?ange 162 is provided to the input shaft 16, 
Which contacts a pin 804 so that the pin 804 may move When 
the ?ange 162 is rotated. 

[0071] The input shaft 16 and the sWitching valve 8 are 
forced by a spring 20 via a spring bearing 19 in a direction 
that they get aWay from each other in an axial direction. 

[0072] Abearing 15 is provided betWeen the input shaft 16 
and the negative pressure module 9, by Which the input shaft 
is supported. A lever 17 and a pin 18 are ?xed on the 
opposite side of the ball 161 of the input shaft 16. They are 
rotated pivotally around the rotation axis of the input shaft 
16 When the input shaft 16 is rotated. The lever 17 has a 
function of stop the rotation of the input shaft 16 at a 
predetermined angle. 

[0073] While, an differential actuator 901 of the negative 
pressure module 9 comprises a rod 904, a cover 905, a spring 
906, a diaphragm 907, a diaphragm bearing 908, and a 
diaphragm bearing 909. The top end of the rod 904 contacts 
the pin 18 to actuate it. 

[0074] When the negative pressure is applied by the 
electromagnetic valve 902 to a negative pressure chamber 
910 of the different actuator 901, the diaphragm 907 in FIG. 
11 move upWard. By the movement of the diaphragm 907, 
the rod 904 move upWard to actuate the pin 18. Thereby, the 
input shaft 16 is rotated. Next, the ?ange 162 of the input 
shaft 16 is rotated to actuate a pin 804 of the sWitching valve 
8. Thereby, the sWitching valve 8 is rotated. 

[0075] FIG. 12 is a enlarged vieW of Q part shoWn in FIG. 
11. 

[0076] In order to improve the coaxial property betWeen 
the sWitching valve 8 and the input shaft 16, a cylindrical 
and projecting portion 903 is provided to the negative 
pressure module 9. Therefore, the negative pressure module 
9 and the valve holder 206 can be engaged With slightly 
spaced to each other. It is possible to adjust the coaxial 
property Within the range of the small gap. 

[0077] The structure of the connection portion of the input 
shaft 16 and the sWitching valve 8 Will be explained next. 
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[0078] FIG. 13 is a perspective vieW of an input shaft 16. 
A spring bearing 19 and a spring 20 is mounted movably in 
an axial direction of the input shaft 16 betWeen the ball 161 
and the ?ange 162. Further, the ?ange 162 has a notch 163. 
Both or either one of the ball 161 of the input shaft 16 and 
the ?ange 162 is fabricated independently of the input shaft 
16, and attached to the input shaft 16. 

[0079] FIG. 14 is a sectional vieW shoWing a connection 
structure of the input shaft 16 and a ball 161. For example, 
if the ball 161 is fabricated separately, They are fastened by 
a screW 164 as shoWn in FIG. 14. They may be jointed by 
using Welding or press ?tting. 

[0080] FIG. 15 is a sectional vieW shoWing a connection 
structure of the input shaft 16 and the sWitching valve 8, and 
shoWs a part extracted from the section of FIG. 11. 

[0081] When the input shaft 16 is inserted into the engage 
ment hole 807 of the sWitching valve 8, With moving in an 
axial direction, the pin 804 of the sWitching valve 8 is 
aligned to the notch 163 of the ?ange 162. Thereby, the 
rotation of the input shaft 16 is transferred to the sWitching 
valve 8. 

[0082] Further, the spring 20 is arranged in an axial 
direction of the sWitching valve 8 by forcing the spring 
bearing 19 to the sWitching valve 8, and forcing the other 
end face of the sWitching valve 8 to the valve holder 206. 

[0083] By employing the above-mentioned structure, it 
becomes possible to absorb an error of siZe in an axial 
direction and difference in dimension due to thermal defor 
mation by expansion and contraction of the spring 20. 
Further, the engagement hole 807 and the ball 161 act as a 
universal joint to absorb the inclination of the axis line of the 
sWitching valve 8 and the input shaft 16. According to the 
present structure, it is possible to absorb the error of dimen 
sions among the sWitching valve 8, the valve holder 206 and 
the negative pressure 9. Therefore, the sWitching valve 8 can 
be alWays rotated smoothly. 

[0084] FIG. 16 is a sectional vieW shoWing an example of 
a bearing mechanism of the sWitching valve, and shoWs only 
a part of the section taken along the line c-c of FIG. 1. 

[0085] A raised portion 808 and an axis hole 809 are 
provided at the other end of the sWitching valve 8, and a 
bearing member 21 is ?tted into the axis hole 809. FIG. 17 
is a perspective vieW of a bearing member 21. A cap 22 is 
screWed to the valve holder 206 by a screW 23. Further, both 
are sealed ?uidly by an O-ring 24. Instead of the O-ring 24, 
it may be possible to ?x the cap 22 to valve holder 206 by 
press ?tting or adhesive bonding. 

[0086] A metal axis pin 25 is ?xed to the cap 22 so as to 
be inserted pivotally into the bearing member 21. If the cap 
22 is molded by using material such as resin other than 
metal, the axis pin 25 is made of metal to assure the accuracy 
and the strength of the bearing system. As a method of ?xing 
the axis pin 25 to the cap 22, the axis pin 25 provided With 
a male screW and the resinous cap 22 are molded in one as 

shoWn in the ?gure. HoWever, it may be possible to ?x the 
axis pin 25 by thermal Welding or to screW the axis pin 25 
to a nut after the nut With a female screW is molded in one. 

Further, it may be possible to make integrally the cap 22 and 
the axis pin of metal. 
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[0087] A ?ange 211 is provided to the bearing member 21 
and a ?ange 251 is provided to the axis pin 25. Both ?anges 
are contacted each other and receive a force directed to an 
axial direction generated by the spring 20 described in FIG. 
15. 

[0088] FIG. 18 is a sectional vieW shoWing another 
example of the mechanism similar to one of FIG. 16. 

[0089] As in the case of FIG. 16, the raised portion 808 
and the axis hole 809 are provided at the end of the sWitching 
valve 8, and the bearing member 21 shoWn in FIG. 17 is 
?tted into the axis hole 809. Abearing pin 26 is ?xed at the 
end face of the valve holder 206 so that the axis pin 261 of 
the bearing pin 26 and the bearing member 21 may slide 
pivotally to each other. 

[0090] Further, a thrust ring 27 is provided betWeen the 
valve holder 206 and the bearing member 21, Which contacts 
the ?ange 211 of the bearing member 21. Therefore, the 
thrust ring 27 receives the force directed to an axial direction 
generated by the spring 20 shoWn in FIG. 15. 

[0091] The material of the bearing pin 26 is metal as in the 
case of FIG. 16, and the material of the thrust ring 27 is also 
metal. 

[0092] FIG. 19 is a sectional vieW shoWing another 
example of the mechanism similar to one of FIG. 16. 

[0093] As in the case of FIG. 16, a bearing member 30 is 
?tted to the end portion of the sWitching valve 8. HoWever, 
the bearing member 30 is different from the bearing member 
21 shoWn in FIG. 17. There is no hole in the bearing 
member 30. 

[0094] 
30. 

[0095] A bearing pin 28 ?xed at the end face of the valve 
holder 206 and the bearing member 30 slide pivotally to 
each other. A spring 29 is provided inside of the bearing pin 
28. One end of the spring 29 contacts a thrust block face 281 
provided at the end face of the bearing pin 28, and the other 
end contacts one face of a spring bearing 31. The other face 
of the spring bearing 31 contacts the bearing member 30 
?xed to the sWitching valve 8 and slides. The spring 29 
forces the sWitching valve 8 to an axial direction via the 
spring bearing 31 and the bearing member 30. The material 
of the bearing pin 28, the spring bearing 31 and the bearing 
member 30 are metal. Amethod of ?xing the bearing pin 28 
to the valve holder 206 is the same as one described in FIG. 
18 

FIG. 20 is a perspective vieW of a bearing member 

[0096] Because in this example the spring 29 produces the 
?xed force directed to an axial direction of the sWitching 
valve 8, it is possible to eliminate the spring 20 shoWn in 
FIG. 13 to FIG. 15. In this case, it is required to ?x the 
sWitching valve 8 to the input shaft 16 so that the sWitching 
valve 8 does not pull out of the valve holder 206. 

[0097] FIGS. 21 and 22 each is a sectional vieWs taken 
along a line d-d of FIG. 3 as in FIG. 4. 

[0098] In FIG. 4, the position of the divided portion 601 
of the seal ring 6 has been explained. In the case that the 
sub-branch 610 and the valve holder 206 is made of the 
material With high strength, and the sWitching valve 8 is 
made of the elastic material susceptible to the change in 
form due to the external force, there is a fear that the divided 
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portion 601 of the seal ring 6 may be failed in the case of the 
position shoWn in FIG. 4. If in FIG. 21 each expands due 
to heat under the atmosphere of high temperature, major 
change in the dimension of the sWitching valve 8 occurs in 
a direction perpendicular to the draWing sheet. As a result, 
a part of the seal ring 6 projects to the air intake passage, so 
that the outer diameter of the divided portion 601 of the seal 
ring 6 becomes larger than the valve holder 206. As the 
temperature of the atmosphere is decreased, the dimension 
is recovered. HoWever, the projected portion of the divided 
portion of the seal ring 6 gets stuck on the Wall of the air 
intake passage, and therefor, the valve holder 206 can not 
return. In the case that such change in dimension is pre 
dicted, the position of the divided portion of the seal ring 6 
should be arranged at the Wall other than the air intake 
passage. For example, in FIG. 22, a projecting guide 208 is 
provided on the Wall surface of the circumference of a hole 
holder 206 in a direction perpendicular to the face of a sheet 
to guide the divided portion 601. Therefore, the divided 
portion 601 can not rotate in a direction from the Wall to the 
air intake passage. Because the guide 208 is made so as to 
block up the divided portion 601, it is possible to decrease 
the leakage of the intake air betWeen air intake passages. 

[0099] As described above, the present invention employs 
a structure in Which an input shaft Which is a member for 
connecting a cylindrical sWitching valve and a rotary mecha 
nism, and the cylindrical sWitching valve are brought into 
contact With each other via a ball-like member. By using this 
structure, the ball-like member serves as a kind of ball joint, 
so that rotation can be smoothly transmitted even When there 
is an angle of inclination betWeen the direction of the axis of 
rotation of the input shaft by Which the rotary mechanism for 
rotating the cylindrical sWitching valve and the cylindrical 
sWitching valve are connected, and the direction of the axis 
of rotation of this sWitching valve. 

[0100] Further, because the seal ring is provided to the 
sWitching valve and the divided portion of the seal ring is 
provided on the Wall of the valve holder into Which the 
sWitching valve is inserted, it is possible to solve the 
problem that the seal ring may not replace When the thermal 
expansion or shrinkage of the material is occurred. 

[0101] Further, because the above-mentioned components 
and parts are assembled integrally and then ?xed to the 
internal combustion engine as is, it is easy to assemble as 
compared With the case that they are assembled to the 
internal combustion engine one by one. Therefore, the 
assembly time can be shorten. 

1. An air intake apparatus comprising an air chamber 
connected commonly to a plurality of intake pipes for 
supplying intake air to an internal combustion engine, an air 
intake passage connected ?uidly betWeen the intake pipe and 
the air chamber, and a sWitching valve for blocking the ?oW 
in the air intake passage, further comprising; 

a drive member for operating said sWitching member, 

a connection member for connecting said drive member 
and said sWitching member, and 

a ball-like member provided betWeen said connection 
member and said sWitching member, 
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wherein movement between said connection member and 
said switching member is transferred through said 
ball-like member. 

2. An air intake apparatus according to claim 1, Wherein 
said ball-like member is ?xed to said connection member, 
and a hole into Which said ball-like member is inserted is 
provided in said sWitching member. 

3. An air intake apparatus according to claim 1, Wherein 
said sWitching member has valves of the same number as 
said air intake passages to open and close their passages, and 
said plurality of valves and a rotation aXis are fabricated 
integrally to form a rotation body. 

4. An air intake apparatus according to claim 3, Wherein 
a valve portion of said sWitching valve has a central portion 
thicker than other portions. 

5. An air intake apparatus according to claim 3, Wherein 
said sWitching valve has an opening and a Wall, and a portion 
facing said air intake passage opposes either one of the 
opening and the Wall due to the rotation operation of the 
sWitching valve. 

6. An air intake apparatus according to claim 3, Wherein 
said sWitching valve is made by using resin, and said valve 
and said rotation aXis are made by a casting method. 

7. An air intake apparatus according to claim 3, Wherein 
said sWitching valve is made by using metal, and said valve 
and said rotation aXis are made by a casting method. 

8. An air intake apparatus according to claim 1, Wherein 
an opening of said air chamber is provided only to said air 
intake passage. 

9. An air intake apparatus comprising an air chamber 
connected commonly to a plurality of intake pipes for 
supplying intake air to an internal combustion engine, an air 
intake passage connected ?uidly betWeen the intake pipe and 
the air chamber, and a sWitching valve Which can block the 
How in the air intake passage, 

Wherein a cylindrical hole into Which said sWitching 
member is inserted is provided in said air intake 
passage, 
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Wherein said sWitching member has valves of the same 
number as said air intake passages to open and close 
their passages, said plurality of valves and a rotation 
aXis are fabricated integrally to form a rotation body, 
and a groove into Which a seal ring is inserted is 
provided in the peripheral surface of the rotation aXis, 
and 

Wherein a divided portion of the seal ring is at a position 
opposed to the Wall. 

10. An air intake apparatus according to claim 9, Wherein 
a raised portion of Which the longitudinal direction is in a 
direction perpendicular to said air intake passage is provided 
on the circumferential surface of said hole, and the raised 
portion is inserted into the divided portion of the seal ring. 

11. An air intake apparatus comprising an air chamber 
connected commonly to a plurality of intake pipes for 
supplying intake air to an internal combustion engine, an air 
intake passage connected ?uidly betWeen the intake pipe and 
the air chamber, and a sWitching valve Which can block the 
How in the air intake passage, 

Wherein an opening of said air chamber is provided only 
to said air intake passage, 

Wherein said drive unit for driving the sWitching valve is 
connected to said sWitching valve, and 

Wherein said intake pipe, said air chamber, said air intake 
passage, said sWitching valve, and said drive unit are 
assembled integrally in the internal combustion engine. 

12. An air intake apparatus according to claim 11, 

Wherein a fuel supplying unit for supplying fuel to the 
internal combustion engine is provided to said intake 
pipe, and 

Wherein said intake pipe, said air chamber, said air intake 
passage, said sWitching valve, said drive unit, and said 
fuel supplying unit are assembled integrally in the 
internal combustion engine. 

* * * * * 


