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(54) Air intake apparatus for internal combustion engine

(57) An air intake apparatus for an internal combus-
tion engine includes (1,40,50) an intake manifold (20)
adapted for being connected to an engine head (2), the
intake manifold (20) including therein an intake passage
(21) through which a stream of fuel-air mixture passes
and a receiving portion (22) formed at an inner circum-
ferential surface of the intake passage (21), the receiving
portion (22) being at a downstream side of the stream of
fuel-air mixture; a valve open/close mechanism
(10,41,51) having a cartridge (11) made of resin, an open/
close valve (12) accommodated in the cartridge (11), and
a shaft (13) for rotating the open/close valve (12), the
cartridge (11) defining a first clearance (24) with the re-
ceiving portion (22) and provided with a flange (14) de-
fining a second clearance (25) with the engine head (2);
a first elastic member (30) arranged between the engine
head (2) and the cartridge (11) of the valve opening/clos-
ing mechanism (10,41,51) for elastically retaining the car-
tridge (11) in an upstream direction of the stream of fuel-
air mixture; and a second elastic member (42) arranged
between the flange (14) and the intake manifold (20) for
elastically retaining the flange (14) in a downstream di-
rection of the stream of fuel-air mixture.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an air intake
apparatus for an internal combustion engine.

BACKGROUND

[0002] From a perspective of a weight reduction of a
petrol engine for a vehicle and from a perspective of in-
creases of thermal insulating properties and design flex-
ibility of the petrol engine, an intake manifold distributing
air sucked by the engine into cylinders has been mainly
made of resin instead of metal such as aluminum alloy
in recent years. However, when a resin is applied as a
material of the intake manifold, the form accuracy tends
to deteriorate because warpage or shrinkage of the resin
is unavoidable, compared to an intake manifold made of
metal.
[0003] For example, a four-cylinder engine includes an
intake manifold having four air intake passages. Further,
the air intake manifold includes an air intake apparatus
controlling an air intake volume and a flow rate or direc-
tion of air sucked into the air intake passages when need-
ed. The air intake apparatus includes open/close valves
opened and closed by a shaft in the respective air intake
passages in accordance with rotation of the shaft. Open-
ing of the open/close valve is controlled by an actuator
so that an appropriate combustion condition is obtained
depending on driving states of a vehicle.
[0004] For example, an air intake apparatus for an in-
ternal combustion engine described in JP2006-233907A
(hereinafter referred to as Patent document 1) includes
a plurality of resin control units serving as a valve open-
ing/closing mechanism. Each of the control units is ar-
ranged in a receiving portion of an intake manifold at-
tached to a cylinder head, thereby opening and closing
each air intake passage of the intake manifold. The con-
trol unit includes a housing (cartridge) and an open/close
valve rotatably supported in the housing. The housing of
the control unit is inserted in the receiving portion of the
intake manifold while having a predetermined clearance
defined between an outer surface of the housing and the
receiving portion. Accordingly, the housing is retained to
the intake manifold via elastic members.
[0005] However, according to the Patent document 1,
when the intake manifold is expanded due to heat or de-
formed due to a dimensional change caused by water
absorption, the housing of the control unit is deformed
via the elastic members. Accordingly, the housing may
be cracked and damaged due to stress generated by the
deformation of the control unit. When the housing is de-
formed, scoring or scratches of the open/close valve ar-
ranged in the housing occurs, so that a bearing of the
shaft is not precisely aligned to a desired position. Con-
sequently, when the open/close vale is opened and
closed by the shaft in accordance with the rotation of the

shaft, a slide resistance of the open/close valve and abra-
sions of the bearing may increase. Moreover, when a
clearance between the housing and the open/close valve
is increased, a seal performance of the open/close valve
may deteriorate when the open/close valve is in a fully
closed state.
[0006] In addition, when the cylinder head and the
housing make contact with each other, stress is gener-
ated in the housing. Accordingly, the housing may be
cracked and damaged. Additionally, when a clearance
for preventing the stress is established between the cyl-
inder head and the housing, the housing is moved in the
clearance during an activation of the engine. As a result,
an abnormal noise may occur and durability of the control
unit may deteriorate.
[0007] A need thus exists for an air intake apparatus
for an internal combustion engine, which prevents scor-
ing or scratches of an open/close valve and increases of
a slide resistance of the open/close valve and abrasions
of a bearing of a shaft even when an intake manifold is
deformed, which realizes an appropriate seal perform-
ance when the open/close valve is in a fully closed state,
and which retains a cartridge in the intake manifold with-
out a contact between an engine head and the cartridge.

SUMMARY OF THE INVENTION

[0008] According to an aspect of the present invention,
an air intake apparatus for an internal combustion engine
includes an intake manifold attached to an engine head
and including an air intake passage and a receiving por-
tion formed in an inner circumferential surface of the in-
take manifold in a downstream direction of a flow of air
sucked into the air intake passage, a valve opening/clos-
ing mechanism, which has a cartridge made of resin, an
open/close valve accommodated in the cartridge, a shaft
rotating the open/close valve to open and close, a first
clearance established between the inner circumferential
surface of the receiving portion and an outer circumfer-
ential surface of the cartridge in a condition where the
cartridge is arranged in the receiving portion, and a sec-
ond clearance established between the engine head and
the cartridge, and a first elastic member arranged be-
tween the engine head and the cartridge of the valve
opening/closing mechanism and elastically retaining the
cartridge in an upstream direction of the flow of the
sucked air in the air intake passage.
[0009] Accordingly, the deformation of the intake man-
ifold is tolerated by means of the first clearance, thereby
not affecting the clearance between the cartridge and the
open/close valve and the bearing of the shaft. Accord-
ingly, when the open/close valve is opened and closed
in accordance with rotation of the shaft, a slide resistance
of the shaft and abrasions of the bearing of the shaft are
prevented from increasing. Consequently, an appropri-
ate seal performance of the open/close valve is obtained
when the open/close valve is in a fully closed state. More-
over, the deformation of the engine head is tolerated by
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an elastic force of the first elastic member, so that the
engine head and the cartridge do not make contact with
each other. Further, an excessive stress due to the de-
formation of the engine head is prevented from acting on
the cartridge. Consequently, the occurrence of cracks
and damage of the cartridge is prevented. In addition,
since the cartridge is elastically retained by the first elastic
member in the upstream direction of the sucked air in the
air intake passage, the cartridge is prevented from mov-
ing in the second clearance during the activation of the
engine. Thus, the occurrence of an abnormal noise is
prevented and the durability of the valve opening/closing
mechanism may be prevented from deteriorating.
[0010] According to another aspect of the present in-
vention, the cartridge includes the flange and the second
clearance is established between the engine head and
the flange. Moreover, the first elastic member elastically
retains the flange in the upstream direction of the flow of
the sucked air in the air intake passage.
[0011] Accordingly, the engine head and the flange do
not make contact with each other, so that an excessive
stress due to the deformation of the engine head is pre-
vented from acting on the flange. Consequently, the oc-
currence of cracks and damage of the flange may be
prevented. Moreover, the flange is prevented from mov-
ing in the second clearance during the activation of the
engine. As a result, the occurrence of an abnormal noise
is reduced, so that the durability of the valve opening/
closing mechanism may be prevented from deteriorating,
[0012] According to another aspect of the present in-
vention, the second elastic member is arranged between
the flange and the intake manifold. The second elastic
member elastically retains the flange in the downstream
direction of the flow of the sucked air in the air intake
passage.
[0013] Accordingly, the both surfaces (located in the
upstream and downstream directions of the flow of the
sucked air in the air intake passage) of the flange are
elastically retained by the first elastic member and the
second elastic member. Even when the engine head and
the intake manifold are deformed, the above-mentioned
deformation does not affect the valve opening/closing
mechanism because the first elastic member is arranged
between the engine head and the cartridge and the sec-
ond elastic member is arranged between the intake man-
ifold and the cartridge. Consequently, the operating fail-
ure of the valve opening/closing mechanism may be pre-
vented.
[0014] According to another aspect of the present in-
vention, the groove is formed in the flange, and at least
one of the first elastic member and the second elastic
member is arranged in the groove of the flange.
[0015] Accordingly, the deformation of the first elastic
member or the second elastic member in the width di-
rection is limited by the groove. Consequently, an elastic
force in the downstream direction or the upstream direc-
tion of the sucked air in the air intake passage increases,
compared to the case where the first elastic member is

arranged on a surface of the flange. As a result, the first
elastic member or the second elastic member may be
effectively compressed. In addition, when the intake
manifold is assembled on the engine head, the first elastic
member or the second elastic member may be prevented
from protruding from the groove of the flange. Thus, an
increase of a flow resistance of the sucked air in the air
intake passage due to the assembling failure between
the engine head and the intake manifold and the protru-
sion of the first elastic member or the second elastic
member from the groove of the flange is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and additional features and char-
acteristics of the present invention will become more ap-
parent from the following detailed description considered
with the reference to the accompanying drawings, where-
in:
[0017] Fig. 1 is an enlarged cross-sectional view of an
air intake apparatus for an internal combustion engine
according to a first embodiment of the present invention;
[0018] Fig. 2 is an enlarged cross-sectional view of an
air intake apparatus for an internal combustion engine
according to a second embodiment of the present inven-
tion; and
[0019] Fig. 3 is an enlarged cross-sectional view of an
air intake apparatus for an internal combustion engine
according to a third embodiment of the present invention.

DETAILED DESCRIPTION

[0020] Embodiments of the present invention will be
explained with reference to the illustrations of the figures
as follows. Fig. 1 is an exploded cross-sectional view of
an air intake apparatus 1 for an internal combustion en-
gine according to a first embodiment. The air intake ap-
paratus 1 includes a valve opening/closing mechanism
10, an intake manifold 20, and an elastic member (fist
elastic member) 30. The valve opening/closing mecha-
nism 10 is arranged within the intake manifold 20. Fur-
ther, the valve opening/closing mechanism 10 includes
a cartridge 11 made of resin, an open/close valve 12
arranged within the cartridge 11, and a shaft 13 rotating
the open/close valve 12 to open and close. The cartridge
11 includes a flange 14. The intake manifold 20 is at-
tached to an engine head 2 with a fastening member
such as a bolt. The intake manifold 20 includes an air
intake passage 21 and a receiving portion 22. The intake
manifold 20 is attached to the engine head 2. The intake
manifold 20 includes the receiving portion 22 in an inner
circumferential surface of the air intake passage 21 in a
downstream direction of a flow of air sucked into the air
intake passage 21 of the intake manifold 20. The elastic
member 30 is arranged between the engine head 2 and
the cartridge 11 of the valve opening/closing mechanism
10. The elastic member 30 elastically retains the flange
14 of the cartridge 11 in an upstream direction of the flow
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of the sucked air in the air intake passage 21 of the intake
manifold 20. An approximately 1-millimeter clearance
(first clearance) 24 is established between an outer cir-
cumferential surface 15 of the cartridge 11 and an inner
circumferential surface 23 of the receiving portion 22. An
approximately 3-millimeter clearance (second clear-
ance) 25 is established between the engine head 2 and
the flange 14.
[0021] When an engine is activated, air for combustion
of the engine is sucked into the intake manifold 20 and
flows from the upstream direction to the downstream di-
rection of the sucked air in the air intake passage 21. At
this time, the shaft 13 is rotated in response to a signal
transmitted from an engine control unit, thereby opening
and closing the open/close valve 12 of the valve opening/
closing mechanism 10. Accordingly, the flow of the
sucked air is controlled. The intake manifold 20 and the
engine head 2 are deformed due to thermal expansion
or the like in accordance with the activation (combustion)
of the engine. However, the deformation of the intake
manifold 20 is tolerated by means of the clearance 24.
In addition, the deformation of the engine head 2 is tol-
erated by the elastic member 30 arranged in the clear-
ance 25. Accordingly, the valve opening/closing mecha-
nism 10 is prevented from being deformed.
[0022] In the air intake apparatus 1 of the first embod-
iment, the clearance 24 by which the deformation of the
intake manifold 20 is tolerated, is arranged between the
outer circumferential surface 15 of the cartridge 11 and
the inner circumferential surface 23 of the receiving por-
tion 22. Further, the clearance 25 is arranged between
the engine head 2 and the flange 14. The flange 14 is
elastically retained by the elastic member 30 in the up-
stream direction of the flow of the sucked air in the air
intake passage 21, so that the deformation of the intake
manifold 20 is tolerated by means of the clearance 24.
Accordingly, a clearance 16 defined between the car-
tridge 11 and the open/close valve 12 and a bearing 17
of the shaft 13 are not affected by the deformation of the
intake manifold 20. Consequently, scoring or scratches
of the open/close valve 12 is prevented. Further, a slide
resistance of the shaft 13 opening and closing the open/
close valve 12 and abrasions of the bearing 17 of the
shaft 13 are prevented from increasing. Thus, an appro-
priate seal performance of the open/close valve 12 is
obtained when the open/close valve 12 is opened and
closed. In addition, the deformation of the engine head
2 is tolerated by an elastic force of the elastic member
30 arranged in the clearance 25, so that the flange 14
does not make contact with the engine head 2. Accord-
ingly, an excessive stress is prevented from acting on
the flange 14. Consequently, the flange 14 is prevented
from being cracked and damaged. Moreover, the flange
14 is elastically retained in the upstream direction of the
flow of the sucked air in the air intake passage 21, thereby
being prevented from moving in the clearance 25 during
the activation of the engine. Consequently, the occur-
rence of an abnormal noise during the activation of the

engine is reduced. As a result, the endurance of the valve
opening/closing mechanism 10 is prevented from dete-
riorating.
[0023] Fig. 2 is an enlarged cross-sectional view of an
air intake apparatus 40 for the internal combustion engine
according to a second embodiment. In the second em-
bodiment, same numbers are assigned to members hav-
ing similar portions and functions similar to those of the
first embodiment. A main different configuration and ef-
fects due to the configuration will be described as follows.
[0024] The air intake apparatus 40 according to the
second embodiment is different from the air intake ap-
paratus 1 of the first embodiment in that an elastic mem-
ber (second elastic member) 42 is arranged between the
flange 14 of a valve opening/closing mechanism 41 and
the intake manifold 20. The elastic member 42 elastically
retains the flange 14 in the downstream direction of the
flow of the sucked air in the air intake passage 21. Other
configurations are the same as the configurations of the
valve opening/closing mechanism 10 of the first embod-
iment.
[0025] In addition to the effects of the first embodiment,
both surfaces (located in the upstream and downstream
directions of the flow of the sucked air in the air intake
passage 21) of the flange 14 are elastically retained by
the elastic member 30 and the elastic member 42 in the
air intake apparatus 40. Accordingly, even when the en-
gine head 2 and the intake manifold 20 are deformed,
the deformation does not affect the valve opening/closing
mechanism 41 because the elastic member 30 is ar-
ranged between the engine head 2 and the cartridge 11
and the elastic member 42 is arranged between the in-
take manifold 20 and the cartridge 11. Consequently, an
operational failure of the valve opening/closing mecha-
nism 41 may be prevented.
[0026] Fig. 3 is an enlarged cross-sectional view of an
air intake apparatus 50 for the internal combustion engine
according to a third embodiment. In the third embodi-
ment, same numbers are assigned to members having
similar portions and functions to those of the first embod-
iment. A main different configuration and effects accord-
ing to the configuration will be described as follows.
[0027] The air intake apparatus 50 according to the
third embodiment is different from the air intake appara-
tus 1 of the first embodiment in that a an annular groove
53 is formed in a flange 52 of a valve opening/closing
mechanism 51 in the air intake apparatus 50 and that the
elastic member 30 in the form of an O-ring are arranged
in the groove 53. Other configurations are the same as
the configurations of the valve opening/closing mecha-
nism 10 of the first embodiment. The groove 53 is oppo-
sition to the engine head 2. The elastic member or O-
ring 30 is larger than the groove 53 in width such that
when the elastic member 30 is fitted in the groove 53 the
elastic member 30 is under compression and protrudes
from the groove 53 to be in fluid-tight engagement with
the engine head 2.
[0028] In addition to the effects of the first embodiment,
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the deformation of the elastic member 30 in the width
direction (vertical direction as seen in Fig. 3) is limited by
the groove 53. Accordingly, an elastic force of the elastic
member 30 in the downstream direction of the flow of the
sucked air in the air intake passage 21 increases, so that
the elastic member 30 is effectively compressed. In ad-
dition, when the intake manifold 20 is assembled on the
engine head 2, the elastic member 30 is prevented from
protruding from the groove 53 of the flange 52. Accord-
ingly, an increase of a flow resistance of the sucked air
in the intake manifold 20 due to the assembling failure
between the intake manifold 20 and the engine head 2
and the protrusion of the elastic member 30 from the
groove 53 of the flange 52 is reduced.
[0029] Although the case where the elastic member
30 is arranged in the groove 53 formed in the flange 52
is described in the third embodiment, a groove may be
arranged in a surface of the flange 52, which located in
the upstream direction of the flow of the sucked air in the
air intake passage 21.
[0030] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

ASPECTS OF THE INVENTION

[0031]

1. An air intake apparatus (1, 40, 50) for an internal
combustion engine, comprising:

an intake manifold (20) adapted for being con-
nected to an engine head (2), the intake manifold
(20) including therein an intake passage (21)
through which a stream of fuel-air mixture pass-
es and a receiving portion (22) formed at an inner
circumferential surface of the intake passage
(21), the receiving portion (22) being at a down-
stream side of the stream of fuel-air mixture;
a valve open/close mechanism (10, 41, 51) in-
cluding a cartridge (11) made of resin, an open/
close valve (12) accommodated in the cartridge
(11), and a shaft (13) for rotating the open/close
valve (12), the cartridge (11) defining a first
clearance (24) with the receiving portion (22)
and defining a second clearance (25) with the
engine head (2); and
a first elastic member (30) arranged between
the engine head (2) and the cartridge (11) of the

valve opening/closing mechanism (10, 41, 51)
for elastically retaining the cartridge (11) in an
upstream direction of the stream of fuel-air mix-
ture.

2. The air intake apparatus (1, 40, 50) according to
aspect 1, wherein the cartridge (11) is provided with
a flange (14, 52), the flange (14, 52) defines the sec-
ond clearance (25) in which the first elastic member
(30) is fitted with the engine head (2).

3. The air intake apparatus (1, 40, 50) according to
aspect 1, wherein the first elastic member (30) is
formed as a separation element from the cartridge
(11).

4. The air intake apparatus (1, 40, 50) according to
aspect 1, wherein the cartridge (11) is provided with
a flange (14, 52), the flange (14, 52) defines the sec-
ond clearance (25) in which the first elastic member
(30) is fitted with the engine head (2) and the first
elastic member (30) is formed as a separation ele-
ment from the cartridge (11).

5. The air intake apparatus (40) according to aspect
2 or 4 further comprising a second elastic member
(42) arranged between the flange (14) and the intake
manifold (20) for elastically retaining the flange (14)
in a downstream direction of the stream of fuel-air
mixture.

6. The air intake apparatus (40) according to aspect
5, wherein the first elastic member (30) and the sec-
ond elastic member (42) are formed as a separate
element from the cartridge (11).

7. The air intake apparatus (50) according to aspect
5 or 6, wherein the flange (14) is provided therein
with a groove (53) in which at least one of the first
elastic member (30) and the second elastic member
(42) is fitted.

8. The air intake apparatus (50) according to aspect
7, wherein the groove (53) opens to the engine head
(2).

9. The air intake apparatus (50) according to aspect
7 or 8, wherein the groove (53) is an annular groove.

10. The air intake apparatus (50) according to any
one of aspects 7 to 9, wherein the first elastic mem-
ber (30) is fitted into the groove (53) under compres-
sion and protruding from the groove (53) to be in
fluid-tight engagement with the engine head (2).

11. The air intake apparatus (50) according to any
one of aspects 1 to 10, wherein the cartridge (11)
has a flange (52), the flange (52) being provided
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therein with an annular groove (53) to open to the
engine head (2), and the first elastic member (30) is
fitted in the annular groove (53).

12. The air intake apparatus (50) according to any
previous aspect, wherein the first elastic member
(30) is an O-ring.

Claims

1. An air intake apparatus (40) for an internal combus-
tion engine, comprising
an intake manifold (20) adapted for being connected
to an engine head (2), the intake manifold (20) in-
cluding therein an intake passage (21) through which
a stream of fuel-air mixture passes and a receiving
portion (22) formed at an inner circumferential sur-
face of the intake passage (21), the receiving portion
(22) being at a downstream side of the stream of
fuel-air mixture,
a valve open/close mechanism (41) including a car-
tridge (11) made of resin, an open/close valve (12)
accommodated in the cartridge (11), and a shaft (13)
for rotating the open/close valve (12), the cartridge
(11) disposed in the receiving portion (22) and de-
fining a first clearance (24) with the receiving portion
(22) and is provided with a flange (14, 52), the flange
(14, 52) defines a second clearance (25) with the
engine head (2) when the intake manifold (20) is
mounted to the engine head (2), and
a first elastic member (30) is fitted in the second
clearance (25) between the engine head (2) and the
cartridge (11) of the valve opening/closing mecha-
nism (41) when the intake manifold (20) is mounted
to the engine head (2) for elastically retaining the
cartridge (11) in an upstream direction of the stream
of fuel-air mixture,
characterized in that
the air intake apparatus (40) further comprises a sec-
ond elastic member (42) arranged between the
flange (14) and the intake manifold (20) for elastically
retaining the flange (14) in a downstream direction
of the stream of fuel-air mixture.

2. The air intake apparatus (40) according to claim 1,
wherein the first elastic member (30) and the second
elastic member (42) are formed as a separate ele-
ment from the cartridge (11).

9 10 
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