EP 3171 014 A2

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3171014 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
24.05.2017 Bulletin 2017/21

(21) Application number: 16196610.6

(22) Date of filing: 31.10.2016

(51) IntClL:

FO2M 35/12 (200607

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 29.10.2015 JP 2015213401
29.10.2015 JP 2015213402

(71) Applicant: Mitsubishi Jidosha Kogyo K.K.
Tokyo 108-8410 (JP)

(72) Inventors:

¢ CHUMA, Masahiro
Tokyo, 108-8410 (JP)
¢ ISHII, Kohei
Tokyo, 108-8410 (JP)
¢ SUZUKI, Kenji
Tokyo, 108-8410 (JP)

(74) Representative: Vossius & Partner

Patentanwalte Rechtsanwilte mbB
Siebertstrasse 3
81675 Miinchen (DE)

(54) AIR INTAKE DEVICE OF INTERNAL COMBUSTION ENGINE

(67)  An air intake device of an internal combustion
engineincludes: afirstresonator and a second resonator
which have a first volume chamber and a second volume
chamber, respectively, the first and second volume
chambers communicating with an intake air flow passage
feeding air to the internal combustion engine; and a first

FIG. 1

1011 1013 1012
\‘—_—W—"’J
1010

member, a second member and a third member which
form the first resonator and the second resonator. The
first resonator is formed by the first member and the sec-
ond member; and the second resonator is formed by the
second member and the third member.
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Description
BACKGROUND

[0001] The present invention relates to an air intake
device of an internal combustion engine, in which a res-
onator is provided in an air intake pipe so as to suppress
resonance sound of an intake system.

[0002] Thereareairintake pipes of internal combustion
engines, which are provided with resonators for sup-
pressing resonance sounds of the air intake pipes (e.g.
see Japanese Patent No. 3923198 and JP-A-9-112365).
Such a resonator has a substantially equal width to an
air intake pipe and is formed on a lower face side of the
air intake pipe. The position or capacity of the resonator
connected to the air intake pipe can be adjusted suitably
in order to adjust a frequency of intake noise to be atten-
uated.

[0003] For example, for absorbing low-frequency in-
take noise, it is necessary to increase the volume of the
resonator. In such a case, it is necessary to enlarge the
resonator disclosed in Japanese Patent No. 3923198 ei-
ther in a width direction or further in a down direction.
However, the position or capacity of the resonator is re-
stricted by the layout of various devices such as an in-
ternal combustion engine, the air intake pipe, and an air
cleaner disposed on the air intake pipe. That is, when
the volume of the resonator is changed to absorb intake
noise at a specific frequency, the resonator may be in-
creased in size to interfere with the various devices.

SUMMARY

[0004] In consideration of the aforementioned situa-
tion, an object of the invention is to provide an air intake
device of aninternal combustion engine which is compact
and which is provided with resonators capable of atten-
uating intake noises at desired frequencies respectively.
[0005] Further, anotherobject of the invention is to pro-
vide an air intake device of an internal combustion engine
which is hardly restricted by various devices such as an
air intake pipe and which is provided with a resonator
attenuating intake noise at a desired frequency.

[0006] According to the first aspect of the invention,
there is provided an air intake device of an internal com-
bustion engine, the air intake device comprising: a first
resonator and a second resonator which have a first vol-
ume chamber and a second volume chamber, respec-
tively, the first and second volume chambers communi-
cating with an intake air flow passage feeding air to the
internal combustion engine; and a firstmember, a second
member and a third member which form the first resona-
tor and the second resonator, characterized in that: the
first resonator is formed by the first member and the sec-
ond member; and the second resonator is formed by the
second member and the third member.

[0007] In the first aspect, the two, first and second res-
onators can be disposed to overlap with each other in
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plan view. In other words, an area occupied by the air
intake device within a plane can be reduced, in compar-
ison with a case where the first resonator and the second
resonator are disposed not to overlap with each other in
plan view. Thus, the air intake device can be configured
compactly without increasing its size. When the volumes
of the volume chambers of the two, first and second res-
onators are set suitably, intake noises at desired frequen-
cies can be attenuated. According to the invention in this
aspect, it is possible to provide an air intake device of an
internal combustion engine which is compact and which
is provided with a first resonator and a second resonator
capable of attenuating intake noises at desired frequen-
cies respectively.

[0008] According tothe second aspect of the invention,
in the air intake device of the first aspect, volume of the
first volume chamber is different from volume of the sec-
ond volume chamber.

[0009] In the second aspect, when the first resonator
and the second resonator having their volume chambers
with different volumes are used together, it is possible to
attenuate intake noises at different frequency bands.
[0010] According to the third aspect of the invention,
in the air intake device of the first or second aspect, the
intake air flow passage is formed by the second member
and the third member, or the intake air flow passage is
formed by the first member and the second member.
[0011] In the third aspect, the air intake device can be
made more compact, in comparison with a case where
the intake air flow passage is not formed by the first mem-
ber, the second member and the third member.

[0012] According to the fourth aspect of the invention,
in the air intake device of the third aspect, the first reso-
nator is formed on one side of the intake air flow passage
in plan view; and the second resonator is formed to over-
lap with the intake air flow passage and extend to both
sides of the intake air flow passage in plan view.

[0013] In the fourth aspect, an area which is occupied
by the intake air flow passage and the second resonator
within a plane can be reduced, in comparison with a case
where the intake air flow passage and the second reso-
nator are disposed not to overlap with each other in plan
view. Thus, the air intake device can be formed to have
a more compact size.

[0014] According to the fifth aspect of the invention, in
the air intake device of any one of the third to fifth aspect,
the first resonator is provided with a first communication
pipe which branches from the intake air flow passage to
communicate with the first volume chamber; the second
resonator is provided with a second communication pipe
which branches from the intake air flow passage to com-
municate with the second volume chamber; and at least
one of the first communication pipe and the second com-
munication pipe is provided to extend in a direction along
an air flow of the intake air flow passage.

[0015] In the fifth aspect, even when the second com-
munication pipe is made long, the second communication
pipe can be kept compact without easily interfering with
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any other device. In addition, the length of the second
communication pipe can be increased to attenuate intake
noise at a low frequency.

[0016] According to the sixth aspect of the invention,
in the air intake device of the fifth aspect, length of the
first communication pipe is different from length of the
second communication pipe.

[0017] In the sixth aspect, when the first communica-
tion pipe and the second communication pipe having dif-
ferent lengths from each other are used together, intake
noises at different frequency bands can be attenuated.
[0018] According to the seventh aspect of the inven-
tion, in the air intake device of the fifth or sixth aspect,
the intake air flow passage is formed by the first member
and the second member to be inclined downward from
an upstream side toward a downstream side; the first
volume chamber is formed on one side of the intake air
flow passage in plan view; the second volume chamber
is formed to overlap with the intake air flow passage and
extend to both sides of the intake air flow passage in plan
view; the second communication pipe is provided to ex-
tend in the direction along the air flow of the intake air
flow passage; and an outlet of the second communication
pipe connected to the second volume chamber is posi-
tioned on an upper side than an inlet of the second com-
munication pipe connected to the intake air flow passage.
[0019] In the seventh aspect, water can be prevented
from entering the second resonator through the second
communication pipe so that the volume of the volume
chamber of the second resonator can be prevented from
varying due to the water. Thus, an intake noise attenua-
tion effect achieved by the second resonatorcan be main-
tained excellent.

[0020] According to the eighth aspect of the invention,
there is provided an air intake device of an internal com-
bustion engine, the air intake device comprising: an in-
take air flow passage which is a flow passage of air to
be fed to the internal combustion engine; and a resonator
which includes a communication pipe communicating
with the intake air flow passage, and a volume chamber
communicating with the intake air flow passage through
the communication pipe, characterized in that the com-
munication pipe is provided to extend along the intake
air flow passage.

[0021] In the eighth aspect, the communication pipe
can be configured to have a length or diameter suitable
for attenuation of resonance sound at a desired frequen-
cy after the volume chamber has been disposed in ac-
cordance with the layout of various devices such as the
internal combustion engine, the intake air flow passage,
and an air cleaner disposed on the intake air flow pas-
sage. Accordingly, the air intake device can attenuate
resonance sound at a desired frequency without being
easily restricted by the layout etc. of the various devices
such as the intake air flow passage. In addition, the com-
munication pipe is provided to extend along the intake
air flow passage. Therefore, a required space for the
communication pipe is only around the intake air flow
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passage so that space saving can be achieved.

[0022] According to the ninth aspect of the invention,
in the air intake device of the eighth aspect, a direction
of an air flow in the communication pipe is opposite to a
direction of an air flow in the intake air flow passage.
[0023] Intheninth aspect, water can be prevented from
being accumulated in the volume chamber through the
communication pipe so that the volume of the volume
chamber can be suppressed from varying. Thus, a res-
onance sound attenuation effect achieved by the volume
chamber can be maintained excellently.

[0024] According the tenth aspect of the invention, in
the air intake device of the eighth or ninth aspect, aninlet
of the communication pipe which is an opening on a side
of the intake air flow passage faces down.

[0025] Inthe tenth aspect, moisture can be more surely
prevented from entering the communication pipe.
[0026] According to the eleventh aspect of the inven-
tion, in the air intake device of any one of the eighth to
tenth aspect, the intake air flow passage is inclined down-
ward from an upstream side toward a downstream side;
and an outlet of the communication pipe whichis an open-
ing on a side of the volume chamber is positioned on an
upper side than an inlet of the communication pipe which
is an opening on a side of the intake air flow passage.
[0027] In the eleventh aspect, moisture can be more
surely prevented from entering the communication pipe.
[0028] According to the twelfth aspect of the invention,
in the air intake device of the eleventh aspect, the intake
air flow passage includes an inclined intake air flow pas-
sage which is inclined downward from the upstream side
toward the downstream side; and the volume chamber
is formed to overlap with the inclined intake air flow pas-
sage in side view.

[0029] In the twelfth aspect, a space occupied by the
volume chamber can be reduced in a height direction.
[0030] According to the thirteenth aspect of the inven-
tion, in the air intake device of any one of the eighth to
twelfth aspect, a first member, a second member and a
third member which are superimposed on one another
to be formed integrally to thereby form the intake air flow
passage, the communication pipe and the volume cham-
ber are provided; the first member includes a first intake
air flow passage forming part forming a part of the intake
air flow passage on a side of the second member, and a
first communication pipe forming part forming a part of
the communication pipe on a side of the second member;
the second member includes a second intake air flow
passage forming part forming a part of the intake air flow
passage on a side of the first member, a second com-
munication pipe forming part forming a part of the com-
munication pipe on a side of the first member, and a first
volume chamber forming part forming a part of the vol-
ume chamber on a side of the third member; the third
member includes a second volume chamber forming part
forming a part of the volume chamber on a side of the
second member; the intake air flow passage is formed
out of the first intake air flow passage forming part and
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the second intake air flow passage forming part; the com-
munication pipe is formed out of the first communication
pipe forming part and the second communication pipe
forming part; and the volume chamber communicating
with the communication pipe is formed out of the first
volume chamber forming part and the second volume
chamber forming part.

[0031] In the thirteenth aspect, the intake air flow pas-
sage, the volume chamber and the communication pipe
can be formed integrally by the first member, the second
member and the third member, so that the components
can be arranged compactly. In addition, when the first
member, the second member and the third member are
formed suitably, the length of the communication pipe
can be adjusted desirably. Thus, when only a small
number of components are changed, an air intake device
provided with a resonator for attenuating resonance
sound at a desired frequency can be configured.

[0032] According to the fourteenth aspect of the inven-
tion, in the air intake device of any one of the eighth to
twelfth aspect, a first member, a second member and a
third member which are superimposed on one another
to be formed integrally to thereby form the intake air flow
passage, a housing chamber for housing the communi-
cation pipe, and the volume chamber are provided; the
firstmember includes a first intake air flow passage form-
ing part forming a part of the intake air flow passage on
a side of the second member, and the volume chamber
opened to a side of the second member; the second
member includes a second intake air flow passage form-
ing part forming a part of the intake air flow passage on
a side of the first member, and a first housing chamber
forming part forming a part of the housing chamber on a
side of the third member; the third member includes a
second housing chamber forming part forming a part of
the housing chamber on a side of the second member;
the intake air flow passage is formed out of the first intake
air flow passage forming part and the second intake air
flow passage forming part; the housing chamber is
formed out of the first housing chamber forming part and
the second housing chamber forming part; the volume
chamber and the housing chamber communicate with
each other; and the communication pipe is housed in the
housing chamber, and the housing chamber and the in-
take air flow passage communicate with each other
through the communication pipe.

[0033] Inthe fourteenth aspect, the intake air flow pas-
sage and the volume chamber can be formed integrally,
so that the components can be arranged compactly. In
addition, when only the communication pipe is replaced
by another one with a different length or diameter, an air
intake device provided with a resonator for attenuating
resonance sound at a desired frequency can be config-
ured.

[0034] According to the invention, it is possible to pro-
vide an air intake device of an internal combustion engine
which is compact and which is provided with resonators
capable of attenuating resonance sounds at desired fre-
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quencies respectively.

[0035] According to the invention, it is possible to pro-
vide an air intake device of an internal combustion engine
which is hardly restricted by various devices such as an
air intake pipe, and which is provided with a resonator
attenuating resonance sound at a desired frequency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

Fig. 1 is a perspective view showing an external ap-
pearance of an air intake device according to Em-
bodiment 1.

Fig. 2 is an exploded perspective view of the air in-
take device according to Embodiment 1.

Fig. 3 is a plan view of the air intake device according
to Embodiment 1.

Fig. 4 is a sectional view taken along a line A-A of
Fig. 3.

Fig. 5 is a sectional view taken along a line B-B of
Fig. 3.

Fig. 6 is a sectional view taken along a line C-C of
Fig. 3.

Fig. 7 is a sectional view taken along a line D-D of
Fig. 3.

Fig. 8 is a plan view of the air intake device showing
an air flow.

Fig. 9 is a perspective view showing an external ap-
pearance of an air intake device according to Em-
bodiment 2.

Fig. 10 is an exploded perspective view of the air
intake device according to Embodiment 2.

Fig. 11 is a plan view of the air intake device accord-
ing to Embodiment 2.

Fig. 12 is a sectional view taken along a line A-A of
Fig. 11.

Fig. 13 is a sectional view taken along a line B-B of
Fig. 11.

Fig. 14 is a sectional view taken along a line C-C of
Fig. 11.

Fig. 15is a plan view of the air intake device showing
an air flow according to Embodiment 2.

Fig. 16 is a plan view showing an external appear-
ance of an air intake device according to Embodi-
ment 3.

Fig. 17 is a side view of the air intake device accord-
ing to Embodiment 3.

Fig. 18 is a perspective view of the air intake device
according to Embodiment 3.

Fig. 19 is a sectional view taken along a line D-D of
Fig. 16.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0037] Embodiments of the invention will be described
below. Incidentally, the embodiments will be described
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by way of example. Therefore, the invention is not limited
to the following description.

(Embodiment 1)

[0038] An air intake device of an internal combustion
engine according to Embodiment 1 will be described with
reference to Fig. 1to 7. Fig. 1 is a perspective view show-
ing an external appearance of the air intake device. Fig.
2is an exploded perspective view of the airintake device.
Fig. 3 is a plan view of the air intake device. Fig. 4 is a
sectional view taken along a line A-A of Fig. 3. Fig. 5 is
a sectional view taken along a line B-B of Fig. 3. Fig. 6
is a sectional view taken along a line C-C of Fig. 3. Fig.
7 is a sectional view taken along a line D-D of Fig. 3. A
third member is not shown in the plan view of Fig. 3. The
section taken along the line A-A is a section which passes
through a first resonator 1020, a second resonator 1030,
an intake air flow passage 1010, and a second outlet
1121. The section taken along the line B-B is a section
which passes through the first resonator 1020, the sec-
ond resonator 1030, a first communication pipe 1091,
the intake air flow passage 1010, and the second outlet
1121. The section taken along the line C-C is a section
which passes through the second resonator 1030, the
intake air flow passage 1010, and a second communica-
tion pipe 1092. The section taken along the line D-D is a
section which passes through the second resonator
1030, the intake air flow passage 1010, and a second
inlet 1120. In addition, an X direction indicates a front/rear
direction of a car; a Y direction, a vehicle width direction
of the car; and a Z direction, a height direction of the car.
[0039] The air intake device 1001 of the internal com-
bustion engine according to Embodiment 1 is provided
with the first resonator 1020, the second resonator 1030,
and a first member 1040, a second member 1050 and a
third member 1060 which form the first resonator 1020
and the second resonator 1030.

[0040] The airintake device 1001 according to Embod-
iment 1 is provided with the intake air flow passage 1010.
The intake air flow passage 1010 is a flow passage of air
to be fed to the internal combustion engine (not shown).
The intake air flow passage 1010 according to Embodi-
ment 1 is constituted by an upstream intake air flow pas-
sage 1011, a downstream intake air flow passage 1012,
and an inclined intake air flow passage 1013 provided
between the upstream intake air flow passage 1011 and
the downstream intake air flow passage 1012.

[0041] The upstream intake air flow passage 1011 is
a flow passage which has an air intake port (not shown)
for taking in air at its one end side and which extends
rearward (rearward in the X direction). The inclined intake
air flow passage 1013 is a flow passage which continues
from the upstream intake air flow passage 1011 and is
then inclined downward toward the rear. The down-
stream intake air flow passage 1012 is a flow passage
which continues from the inclined intake air flow passage
1013 and then extends rearward. Arear side of the down-
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stream intake air flow passage 1012 is connected to the
not-shown internal combustion engine. Incidentally, ade-
vice such as an air cleaner may be provided on an up-
stream side of the internal combustion engine on the
downstream side of the downstream intake air flow pas-
sage 1012.

[0042] The first resonator 1020 is provided with a first
volume chamber 1081 and the first communication pipe
1091. The first volume chamber 1081 is a space part
having a predetermined volume. Similarly, the second
resonator 1030 is provided with a second volume cham-
ber 1082 and the second communication pipe 1092. The
second volume chamber 1082 is a space part having a
predetermined volume. The first resonator 1020 is
formed by the firstmember 1040 and the second member
1050. The second resonator 1030 is formed by the sec-
ond member 1050 and the third member 1060. Specifi-
cally, the first member 1040, the second member 1050
and the third member 1060 are connected to one another
in the named order from bottom in a vertical direction (Z
direction). That s, the first member 1040 is connected to
a lower face side of the second member 1050, and the
third member 1060 is connected to an upper face side
of the second member 1050. For example, the first mem-
ber 1040, the second member 1050 and the third member
1060 are molded out of a resin. However, the material of
the first member 1040, the second member 1050 and the
third member 1060 is not limited particularly.

[0043] The first communication pipe 1091 of the first
resonator 1020 is a flow passage which branches from
the intake air flow passage 1010 to communicate with
the first volume chamber 1081. The second communica-
tion pipe 1092 of the second resonator 1030 is a flow
passage which branches from the intake air flow passage
1010 to communicate with the second volume chamber
1082. The first communication pipe 1091 and the second
communication pipe 1092 are also formed by the first
member 1040, the second member 1050 and the third
member 1060.

[0044] The first member 1040 is a member which is
connected to the second member 1050, and which forms
the first resonator 1020 together with the second member
1050. In addition, in Embodiment 1, the first member
1040is amember which forms the intake air flow passage
1010 together with the second member 1050.

[0045] Specifically, a lower-side intake air flow pas-
sage forming part 1041 which forms a part of the intake
air flow passage 1010 is provided in the first member
1040. The lower-side intake air flow passage forming part
1041 is formed into a groove shape which is recessed in
section and which is opened to the second member 1050
side. In addition, portions of the lower-side intake air flow
passage forming part 1041 which serve as the upstream
intake air flow passage 1011 and the downstream intake
air flow passage 1012 are substantially horizontal. A por-
tion of the lower-side intake air flow passage forming part
1041 which serves as the inclined intake air flow passage
1013 is inclined downward toward the downstream side.
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[0046] A lower-side first communication pipe forming
part 1042 which forms a part of the first communication
pipe 1091 is provided in the first member 1040. The low-
er-side first communication pipe forming part 1042 is
formed into a groove shape which is recessed in section
and which is opened to the second member 1050 side.
Through the lower-side first communication pipe forming
part 1042, the portion of the lower-side intake air flow
passage forming part 1041 which serves as the inclined
intake air flow passage 1013, and a lower-side first vol-
ume chamber forming part 1043 which will be described
below are made to communicate with each other. An
opening portion of the lower-side first communication
pipe forming part 1042 which forms a boundary with the
lower-side intake air flow passage forming part 1041 is
referred to as lower-side firstinlet 1047. An opening por-
tion of the lower-side first communication pipe forming
part 1042 which forms a boundary with the lower-side
first volume chamber forming part 1043 is referred to as
lower-side first outlet 1048.

[0047] The lower-side first volume chamber forming
part 1043 which forms a part of the first volume chamber
1081 is provided in the first member 1040. The lower-
side first volume chamber forming part 1043 is formed
into a groove shape which is substantially rectangular in
plan view and which is recessed in section. The lower-
side first volume chamber forming part 1043 communi-
cates with the lower-side first communication pipe form-
ing part 1042.

[0048] A lower-side second communication pipe form-
ing part 1044 which forms a part of the second commu-
nication pipe 1092 is provided in the first member 1040.
The lower-side second communication pipe forming part
1044 is formed into a groove shape which is recessed in
section and which is opened to the second member 1050
side. In addition, the lower-side second communication
pipe forming part 1044 is provided to extend along the
lower-side intake air flow passage forming part 1041. The
lower-side second communication pipe forming part
1044 is inclined downward from the front toward the rear
in the vehicle front/rear direction.

[0049] The lower-side intake air flow passage forming
part 1041 and the lower-side second communication pipe
forming part 1044 are separated from each other by a
wall part 1045. In addition, a portion of the wall part 1045
is notched so that a lower-side second inlet 1046 is
formed therein. Through the lower-side second inlet
1046, one downstream-side end portion of the lower-side
intake air flow passage forming part 1041 and one down-
stream-side end portion of the lower-side second com-
munication pipe forming part 1044 communicate with
each other.

[0050] The second member 1050 is a member which
is connected to the first member 1040 and the third mem-
ber 1060, and which forms the first resonator 1020 to-
gether with the first member 1040 and forms the second
resonator 1030 together with the third member 1060. In
addition, in Embodiment 1, the second member 1050 is
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a member which forms the intake air flow passage 1010
together with the first member 1040.

[0051] An upper-side intake air flow passage forming
part 1051 which forms a part ofthe intake air flow passage
1010is provided in the second member 1050. The upper-
side intake air flow passage forming part 1051 is formed
into a groove shape which is recessed in section and
which is opened to the first member 1040 side. In addi-
tion, the upper-side intake air flow passage forming part
1051 is inclined downward from the front toward the rear
inthe vehicle front/rear directionin line with the inclination
of the lower-side intake air flow passage forming part
1041.

[0052] An upper-side first communication pipe forming
part 1052 which forms a part of the first communication
pipe 1091 is provided in the second member 1050. The
upper-side first communication pipe forming part 1052 is
formed into a groove shape which is recessed in section
and which is opened to the first member 1040 side.
Through the upper-side first communication pipe forming
part 1052, the inclined intake air flow passage 1013 of
the intake air flow passage 1010 and an upper-side first
volume chamber forming part 1053 which will be de-
scribed below are made to communicate with each other.
An opening portion of the upper-side first communication
pipe forming part 1052 which forms a boundary with the
upper-side intake air flow passage forming part 1051 is
referred to as upper-side first inlet 1058. An opening por-
tion of the upper-side first communication pipe forming
part 1052 which forms a boundary with the upper-side
first volume chamber forming part 1053 is referred to as
upper-side first outlet 1059.

[0053] The upper-side first volume chamber forming
part 1053 which forms a part of the first volume chamber
1081 is provided in the second member 1050. Although
not shown particularly, the upper-side first volume cham-
ber forming part 1053 is formed into a groove shape
which is substantially rectangular in plan view (in plan
view when the second member 1050 is seen from the
firstmember 1040 side) and which is recessed in section.
The upper-side first volume chamber forming part 1053
communicates with the upper-side first communication
pipe forming part 1052.

[0054] An upper-side second communication pipe
forming part 1054 which forms a part of the second com-
munication pipe 1092 is provided in the second member
1050. The upper-side second communication pipe form-
ing part 1054 is formed into a groove shape which is
recessed in section and which is opened to the first mem-
ber 1040 side. In addition, the upper-side second com-
munication pipe forming part 1054 is provided to extend
along the lower-side intake air flow passage forming part
1041. The upper-side second communication pipe form-
ing part 1054 is inclined downward from the front toward
the rear in the vehicle front/rear direction.

[0055] The upper-side intake air flow passage forming
part 1051 and the upper-side second communication
pipe forming part 1054 are separated from each other by
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a wall part 1055. In addition, a portion of the wall part
1055 is notched so that an upper-side second inlet 1056
is formed therein. Through the upper-side second inlet
1056, one downstream-side end portion of the upper-
side intake air flow passage forming part 1051 and one
downstream-side end portion of the upper-side second
communication pipe forming part 1054 communicate
with each other.

[0056] A lower-side second volume chamber forming
part 1057 forming a part of the second volume chamber
1082 is provided in the second member 1050. In Embod-
iment 1, a wall part 1150 is provided on an upper face
side (aface on the third member 1060 side) of the second
member 1050. An internal region of the wall part 1150 is
the lower-side second volume chamber forming part
1057. The wall part 1150 is formed to surround the first
resonator 1020, the inclined intake air flow passage 1013
of the intake air flow passage 1010, the second outlet
1121 and an inclined part of the second communication
pipe 1092 in plan view.

[0057] The second outlet 1121 communicating with
one upstream-side end portion of the upper-side second
communication pipe forming part 1054 is provided in the
second member 1050. The second outlet 1121 is a hole
which penetrates the second member 1050 in the thick-
ness direction and through which the upper-side second
communication pipe forming part 1054 and the lower-
side second volume chamber forming part 1057 are
made to communicate with each other. In addition, the
second outlet 1121 faces toward a central side of the
lower-side second volume chamber forming part 1057.
Thus, air coming out from the second outlet 1121 is con-
trolled to flow toward a central side of the second volume
chamber 1082. In this manner, air flows in toward the
central side of the second volume chamber 1082. Ac-
cordingly, an intake noise attenuation effect can be ob-
tained easily.

[0058] The third member 1060 is a member which is
connected to the second member 1050, and which forms
the second resonator 1030 together with the second
member 1050.

[0059] An upper-side second volume chamber forming
part 1061 which forms a part of the second volume cham-
ber 1082 is provided in the third member 1060. The up-
per-side second volume chamber forming part 1061 is
formed into a grove shape which is recessed in section
and which is opened to have substantially the same
shape as that of the lower-side second volume chamber
forming part 1057.

[0060] When the first member 1040, the second mem-
ber 1050 and the third member 1060 are connected in-
tegrally with one another, the air intake device 1001 hav-
ing the intake air flow passage 1010, the first resonator
1020 and the second resonator 1030 is formed.

[0061] That is, one intake air flow passage 1010 in
which the opening of the lower-side intake air flow pas-
sage forming part 1041 and the opening of the upper-
side intake air flow passage forming part 1051 are con-
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nected to each other is formed by the first member 1040
and the second member 1050.

[0062] In addition, one first communication pipe 1091
in which the opening of the lower-side first communica-
tion pipe forming part 1042 and the opening of the upper-
side first communication pipe forming part 1052 are con-
nected to each other is formed by the first member 1040
and the second member 1050. Further, one first volume
chamber 1081 in which the opening of the lower-side first
volume chamber forming part 1043 and the opening of
the upper-side first volume chamber forming part 1053
are connected to each other is formed by the first member
1040 and the second member 1050. The first resonator
1020 provided with the first volume chamber 1081 and
the first communication pipe 1091 is formed.

[0063] In addition, one second communication pipe
1092 in which the opening of the lower-side second com-
munication pipe forming part 1044 and the opening of
the upper-side second communication pipe forming part
1054 are connected to each other is formed by the first
member 1040 and the second member 1050. Further,
one second volume chamber 1082 in which the opening
of the lower-side second volume chamber forming part
1057 and the opening of the upper-side second volume
chamber forming part 1061 are connected to each other
is formed by the second member 1050 and the third mem-
ber 1060. The second resonator 1030 provided with the
second volume chamber 1082 and the second commu-
nication pipe 1092 is formed.

[0064] In addition, when the first member 1040 and the
second member 1050 are connected to each other, a
first inlet 1110, a first outlet 1111, and the second inlet
1120 are formed. That is, one first inlet 1110 is formed
by the lower-side first inlet 1047 and the upper-side first
inlet 1058. One first outlet 1111 is formed by the lower-
side first outlet 1048 and the upper-side first outlet 1059.
One second inlet 1120 is formed by the lower-side sec-
ond inlet 1046 and the upper-side second inlet 1056.
[0065] A partof the second member 1050 to which the
third member 1060 is connected is a top face 1151 of the
wall part 1150 which forms the lower-side second volume
chamber forming part 1057. The top face 1151 is an ap-
proximately horizontal face facing the third member 1060
side. On the other hand, although not shown particularly,
a part of the third member 1060 to which the second
member 1050 is connected is also an approximately hor-
izontal flat face which has the same shape as the top
face 1151 and which faces the second member 1050
side.

[0066] Thus, the second member 1050 and the third
member 1060 are connected to each other at their hori-
zontal faces. Therefore, a gap is hardly generated be-
tween the second member 1050 and the third member
1060. Thus, airtightness of the second volume chamber
1082 formed by the second member 1050 and the third
member 1060 can be improved.

[0067] In Embodiment 1, the intake air flow passage
1010 has the inclined intake air flow passage 1013 which
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is inclined. In order to form the inclined intake air flow
passage 1013, the upper-side intake air flow passage
forming part 1051 of the second member 1050 is inclined.
Thus, although the second member 1050 includes the
inclined part, the face where the second member 1050
is connected to the third member 1060 can be formed as
ahorizontal face due to the provision of the wall part 1150.
[0068] As shown in Fig. 4, an upper part of the first
volume chamber 1081 protrudes inside the second vol-
ume chamber 1082. Specifically, the upper-side first vol-
ume chamber forming part 1053 constituting the first vol-
ume chamber 1081 protrudes more closely to the third
member 1060 than the top face 1151 of the wall part 1150.
[0069] Since the first volume chamber 1081 protrudes
inside the second volume chamber 1082 in this manner,
the volume of the first volume chamber 1081 canbe made
larger. That is, in order to enlarge the first volume cham-
ber 1081, the first volume chamber 1081 does not have
to be enlarged in the X direction and the Y direction. It
will go well only if the first volume chamber 1081 is en-
larged in the Z direction. Thus, the size occupied by the
first volume chamber 1081 within the XY plane can be
reduced.

[0070] Inaddition, since the firstvolume chamber 1081
does not have to be enlarged within the XY plane, the
first volume chamber 1081 can be formed into a simple
shape such as an approximately rectangular parallelepi-
ped shape (an approximately quadrangular shape as a
shape in plan view) as in Embodiment 1. When the first
volume chamber 1081 is formed into a rectangular par-
allelepiped shape, air discharged from the first outlet
1111 of the first communication pipe 1091 can be sent
out toward a central portion of the first volume chamber
1081. Thus, the air can be diffused evenly and rapidly
from the first communication pipe 1091 into the first vol-
ume chamber 1081 so that a desired frequency of intake
noise can be attenuated easily.

[0071] When the first volume chamber 1081 is en-
larged within the XY plane, a plurality of small chambers
may have no choice butto be connected to be one volume
chamber. For example, such a volume chamber may
have an L-shape or a U-shape in plan view, and may
have a configuration in which depth differs from one small
chamber to another. In the volume chamber shaped thus,
air may be diffused unevenly. Thus, it may be difficult to
attenuate the desired frequency. On the other hand, ac-
cording to Embodiment 1, the first volume chamber 1081
has a single rectangular parallelepiped shape as if vol-
umes of such small chambers were put into one in the
height direction. Therefore, the first volume chamber
1081 can be formed into a shape which can diffuse air
evenly and rapidly in spite of its volume equal to the vol-
ume chamber in which the small chambers have been
connected to one another. Thus, the first volume cham-
ber 1081 can attenuate the desired frequency.

[0072] As described above, in the air intake device
1001, the first resonator 1020 is formed by the first mem-
ber 1040 and the second member 1050, and the second
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resonator 1030 is formed by the second member 1050
and the third member 1060. The first volume chamber
1081 of the first resonator 1020 communicates with the
intake air flow passage 1010 through the first communi-
cation pipe 1091. The second volume chamber 1082 of
the second resonator 1030 communicates with the intake
air flow passage 1010 through the second communica-
tion pipe 1092.

[0073] An air flow in the air intake device 1001 having
such a configuration will be described with reference to
Fig. 8 etc. Fig. 8 is a plan view of the air intake device
showing the air flow. Incidentally, the first member is not
shown in Fig. 8.

[0074] Asindicated by an arrow L in Fig. 8, external air
flows into the intake air flow passage 1010 to be sent out
to the internal combustion engine from the downstream
intake air flow passage 1012 (see Fig. 1). As indicated
by an arrow M in Fig. 5 and Fig. 8, a part of the air flowing
into the intake air flow passage 1010 flows into the first
communication pipe 1091 toreach the first volume cham-
ber 1081. Further, as shown in an arrow N in Fig. 4, Fig.
5, Fig. 7 and Fig. 8, a part of the air flowing into the intake
air flow passage 1010 flows into the second communi-
cation pipe 1092 to reach the second volume chamber
1082.

[0075] Intheairintake device 1001 of the internal com-
bustion engine having the aforementioned configuration,
the two, first and second resonators 1020 and 1030 are
provided when the first member 1040, the second mem-
ber 1050 and the third member 1060 are connected in-
tegrally with one another. With such a configuration, the
two, first and second resonators 1020 and 1030 can be
disposed to overlap with each other in plan view, as
shown in Fig. 8. In other words, the area occupied by the
air intake device 1001 within a plane can be reduced, in
comparison with a case where the first resonator 1020
and the second resonator 1030 are disposed not to over-
lap with each other in plan view. The two, firstand second
resonators 1020 and 1030 can be accommodated within
a region which corresponds to substantially one second
resonator 1030 in plan view.

[0076] Thus, the air intake device 1001 can be config-
ured compactly without increasing its size. Since the vol-
umes of the two, first and second resonators 102 and
1030 are set suitably, intake noises having desired fre-
quencies can be attenuated. Thus, according to the in-
vention, itis possible to provide the air intake device 1001
of the internal combustion engine which is compact and
which is provided with the first resonator 1020 and the
second resonator 1030 having volumes to attenuate the
desired frequencies.

[0077] In the air intake device 1001 according to Em-
bodiment 1, the first volume chamber 1081 of the first
resonator 1020 and the second volume chamber 1082
of the second resonator 1030 are different from each
other in volume. In Embodiment 1, the volume of the first
volume chamber 1081 is smaller than the volume of the
second volume chamber 1082. According to Helmholtz’s
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laws, high-frequency intake noise is attenuated as the
volume of a volume chamber is reduced, and low-fre-
quency intake noise is attenuated as the volume of the
volume chamber is increased. Accordingly, high-fre-
quency intake noise can be attenuated by the first volume
chamber 1081 which is relatively small in volume and
low-frequency intake noise can be attenuated by the sec-
ond volume chamber 1082 which is relatively large in
volume.

[0078] When the first volume chamber 1081 and the
second volume chamber 1082 having different volumes
are used together in this manner, intake noises having
different frequency bands can be attenuated.

[0079] In the air intake device 1001 according to Em-
bodiment 1, the intake air flow passage 1010, together
with the first resonator 1020 and the second resonator
1030, is formed by the first member 1040, the second
member 1050 and the third member 1060. Thus, the air
intake device 1001 can be made more compact, in com-
parison with a case where the intake air flow passage
1010 is not formed in the first member 1040, the second
member 1050 and the third member 1060.

[0080] When the intake air flow passage 1010 is not
formed in the first member 1040, the second member
1050 and the third member 1060, pipe-like members
(members corresponding to the first communication pipe
1091 and the second communication pipe 1092) for con-
nection between the intake air flow passage 1010 and
the first member 1040, the second member 1050 and the
third member 1060 have to be provided separately. In
this case, the number of components increases, and a
space for disposing the components is required to there-
by lead to a slight increase in the size. Incidentally, an
air intake device in which the intake air flow passage
1010 is not formed in the first member 1040, the second
member 1050 and the third member 1060 is included in
the invention described in Claims.

[0081] In the air intake device 1001 according to Em-
bodiment 1, the intake air flow passage 1010 and the first
resonator 1020 are formed by the first member 1040 and
the second member 1050. Specifically, in the plan view
shown in Fig. 3, the first volume chamber 1081 of the
first resonator 1020 is formed on one side (one side in
the Y direction) of the intake air flow passage 1010. In
the plan view shown in Fig. 3, the second volume cham-
ber 1082 of the second resonator 1030 formed by the
second member 1050 and the third member 1060 is
formed to overlap with the intake air flow passage 1010
and extend to both sides (both sides in the Y direction)
of the intake air flow passage 1010. That is, the layout
including the intake air flow passage 1010 and the first
volume chamber 1081 of the first resonator 1020 is lo-
cated within the region occupied by the second resonator
1030 in plan view.

[0082] According to the air intake device 1001 having
such a configuration, the area occupied by the air intake
device 1001 within a plane can be reduced, in compari-
son with a case where the intake air flow passage 1010

10

15

20

25

30

35

40

45

50

55

and the second volume chamber 1082 are disposed not
to overlap with each other in plan view. Thus, the air
intake device 1001 can be disposed with a more compact
size and around the intake air flow passage 1010 so that
the air intake device 1001 can be prevented more greatly
from interfering with various devices mounted in the car.
Accordingly, the upper limits of the volumes of the two,
first and second resonators 1020 and 1030 can be made
larger so that the first and second resonators 1020 and
1030 can flexibly cope with frequencies of intake noises
to be attenuated.

[0083] In the air intake device 1001 according to Em-
bodiment 1, the second communication pipe 1092 ex-
tends in the direction (the X direction) along the air flow
in the intake air flow passage 1010. Therefore, a required
space for the second communication pipe 1092 is only
around the intake air flow passage 1010. Since a space
where the intake air flow passage 1010 should be dis-
posed is originally provided in a vehicle, there is little fear
that the space required for forming the second commu-
nication pipe 1092 may interfere with any other device.
That is, the second communication pipe 1092 can be
made longer without interfering with any other device.
[0084] Here, according to the Helmholtz’s laws, as the
second communication pipe 1092 is increased in length,
low-frequency intake noise can be attenuated. Accord-
ingly, even when the second communication pipe 1092
is increased in length, it can be kept compact without
easily interfering with any other device. In addition, the
second communication pipe 1092 can be formed to be
longer to effectively attenuate low-frequency intake
noise.

[0085] Further, the first volume chamber 1081 of the
first resonator 1020 or the second volume chamber 1082
of the second resonator 1030 and the intake air flow pas-
sage 1010 are connected not directly but indirectly
through the first communication pipe 1091 or the second
communication pipe 1092 respectively. Thus, when only
the lengths or diameters of the first communication pipe
1091 and the second communication pipe 1092 are ad-
justed suitably, frequencies of intake noises which can
be attenuated in the first volume chamber 1081 and the
second volume chamber 1082 can be set as desired fre-
quencies.

[0086] In the air intake device 1001 according to Em-
bodiment 1, the length of the first communication pipe
1091 is different from the length of the second commu-
nication pipe 1092. Specifically, the length of the first
communication pipe 1091 is shorter than the length of
the second communication pipe 1092.

[0087] As describe above, according to the Helm-
holtz’s laws, when the first communication pipe 1091 and
the second communication pipe 1092 are increased in
length, low-frequency intake noise can be attenuated.
When the first communication pipe 1091 and the second
communication pipe 1092 are reduced in length, high-
frequency intake noise can be attenuated.

[0088] Accordingly, high-frequency intake noise can
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be attenuated by the relatively short first communication
pipe 1091 while low-frequency intake noise can be at-
tenuated by the relatively long second communication
pipe 1092. When the first communication pipe 1091 and
the second communication pipe 1092 having different
lengths from each other are used together, intake noises
having different frequency bands can be attenuated.
[0089] Particularly, in Embodiment 1, the first volume
chamber 1081 connected to the first communication pipe
1091 has a volume to attenuate high-frequency intake
noise, and the second volume chamber 1082 connected
to the second communication pipe 1092 has a volume
to attenuate low-frequency intake noise. That is, the first
communication pipe 1091 and the first volume chamber
1081 have configurations suitable for attenuation of the
high-frequency intake noise. The second communication
pipe 1092 and the second volume chamber 1082 have
configurations suitable for attenuation of the low-frequen-
cy intake noise.

[0090] In order to attenuate intake noise at a desired
frequency, the volume of the volume chamber or the lay-
out of the resonator with respect to the intake air flow
passage 1010 has to be changed in the background art.
Onthe other hand, inthe airintake device 1001 according
to Embodiment 1, the first communication pipe 1091 and
the second communication pipe 1092 having lengths or
diameters suitable for attenuation of intake noises at de-
sired frequencies and the first volume chamber 1081 and
the second volume chamber 1082 may be configured
after the air intake device 1001 has been disposed in
accordance with the layout of various devices such as
the internal combustion engine and an air cleaner dis-
posed before or after the air intake device 1001. Accord-
ingly, the air intake device 1001 can attenuate the intake
noises at the desired frequencies without being easily
restricted by the layout etc. of the various devices such
as the internal combustion engine.

[0091] The intake air flow passage 1010 has the in-
clined intake air flow passage 1013 inclined downward
from the upstream side toward the downstream side. The
second communication pipe 1092 is similarly inclined
along the inclined intake air flow passage 1013. The sec-
ond outlet 1121 is positioned on an upper side in the
vertical direction than the second inlet 1120 of the second
communication pipe 1092. According to the second com-
munication pipe 1092 having such a configuration, mois-
ture can be prevented from entering the second commu-
nication pipe 1092 while moving up. Accordingly, the vol-
ume of the second volume chamber 1082 can be pre-
vented from varying due to water accumulated in the sec-
ond volume chamber 1082 through the second commu-
nication pipe 1092. Thus, an intake noise attenuation ef-
fect achieved by the second resonator 1030 can be main-
tained excellently.

[0092] Further, in the second communication pipe
1092, the second inlet 1120 is positioned on the down-
stream side of the intake air flow passage 1010, and the
second outlet 121 is positioned on the upstream side of
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10

the intake air flow passage 1010. That is, air flowing
through the second communication pipe 1092 moves in
an opposite direction to the air flow in the intake air flow
passage 1010.

[0093] According to the configuration of such a second
communication pipe 1092, moisture such as water drops
can be more greatly suppressed from entering the sec-
ond communication pipe 1092 even when the moisture
enters the intake air flow passage 1010 together with the
air.

[0094] Although Embodiment 1 which is an embodi-
ment of the invention has been described above, the in-
vention is not limited to the aforementioned Embodiment
1. The invention can be changed suitably without depart-
ing from its gist.

[0095] Although the first volume chamber 1081 and
the second volume chamber 1082 are differentin volume,
for example, in the aforementioned Embodiment 1, they
may be the same in volume. In addition, although one
first resonator 1020 is provided in the aforementioned
Embodiment 1, a plurality of first resonators 1020 may
be provided alternatively. That is, the plurality of first res-
onators 1020 may be formed by the first member 1040
and the second member 1050. The same rule also ap-
plies to the second resonator 1030, i.e. a plurality of sec-
ond resonators 1030 may be formed by the second mem-
ber 1050 and the third member 1060.

[0096] Although the first volume chamber 1081 of the
firstresonator 1020 communicates with the intake air flow
passage 1010 through the first communication pipe
1091, it is not limited thereto. That is, the first volume
chamber 1081 of the first resonator 1020 may commu-
nicate with the intake air flow passage 1010 directly. The
same rule also applies to the second resonator 1030, i.
e. the second volume chamber 1082 of the second res-
onator 1030 may communicate with the intake air flow
passage 1010 directly.

[0097] Although the intake air flow passage 1010 is
formed by the firstmember 1040 and the second member
1050, the intake air flow passage 1010 may be formed
by the second member 1050 and the third member 1060
alternatively. When the intake air flow passage 1010 is
formed by the second member 1050 and the third mem-
ber 1060, it is preferable that the first volume chamber
1081 of the first resonator 1020 is formed to overlap with
the intake air flow passage 1010 and extend to the both
sides of the intake air flow passage 10 in plan view, and
the second volume chamber 1082 of the second reso-
nator 1030 is formed on one side of the intake air flow
passage 1010 in plan view. That is, the intake air flow
passage 1010, the first resonator 1020 and the second
resonator 1030 of the air intake device 1001 according
to Embodiment 1 may be disposed to be replaced upside
down by one another with respect to the second member
1050. It is a matter of course that the layout of the intake
air flow passage 1010, the first resonator 1020 and the
second resonator 1030 is not limited to the aforemen-
tioned
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Embodiment 1.

[0098] Although the second communication pipe 1092
is formed to extend along the air flow of the intake air
flow passage 1010, it is not limited thereto. The second
communication pipe 1092 may be provided like the first
communication pipe 1091 to extend in a direction inter-
secting with the air flow of the intake air flow passage
1010.

[0099] Although the intake air flow passage 1010 has
the inclined intake air flow passage 1013, it is not always
limited to such amode. Thatis, the intake air flow passage
1010 may be substantially parallel without having the in-
clined intake air flow passage 1013 or may be inclined
upward from the upstream side toward the downstream
side. Further, the second outlet 1121 of the second com-
munication pipe 1092 does not have to be located on the
upper side than the second inlet 1120 but may be posi-
tioned substantially at the same height as the second
inlet 1120 or on a lower side than the second inlet 1120.

(Embodiment 2)

[0100] An air intake device of an internal combustion
engine according to Embodiment 2 will be described with
reference to Figs. 9 to 13. Fig. 9 is a perspective view
showing an external appearance of the air intake device.
Fig. 10 is an exploded perspective view of the air intake
device. Fig. 11 is a plan view of the air intake device. Fig.
12 is a sectional view taken along a line A-A of Fig. 11.
Fig. 13 is a sectional view taken along a line B-B of Fig.
11. Fig. 14 is a sectional view taken along a line C-C of
Fig. 11. The section taken along the line A-A is a section
which passes through an intake air flow passage 2010,
avolume chamber 2070, and an outlet 2092. The section
taken along the line B-B is a section which does not pass
through the outlet 2092 and an inlet 2091 but passes
through the intake air flow passage 2010, the volume
chamber 2070 and a communication pipe 2020. The sec-
tion taken along the line C-C is a section which passes
through the intake air flow passage 2010, the volume
chamber 2070 and the inlet 2091.

[0101] The air intake device 2001 of the internal com-
bustion engine according to Embodiment 2 is provided
with the intake air flow passage 2010, and a resonator
2030. The resonator 2030 has the communication pipe
2020 and the volume chamber 2070.

[0102] The intake air flow passage 2010 is a flow pas-
sage of air to be fed to the internal combustion engine
(not shown). The intake air flow passage 2010 according
to Embodiment 2 is constituted by an upstream intake
air flow passage 2011, a downstream intake air flow pas-
sage 2012, and an inclined intake air flow passage 2013
provided between the upstream intake air flow passage
2011 and the downstream intake air flow passage 2012.
[0103] The upstream intake air flow passage 2011 is
a flow passage which has an air intake port (not shown)
for taking in air at its one end side and which extends
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rearward (rearward in an X direction). The inclined intake
air flow passage 2013 is a flow passage which continues
from the upstream intake air flow passage 2011 and is
inclined downward toward the rear. The downstream in-
take air flow passage 2012 is a flow passage which con-
tinues from the inclined intake air flow passage 2013 and
extends rearward. A rear side of the downstream intake
air flow passage 2012 is connected to the not-shown in-
ternal combustion engine. Incidentally, a device such as
an air cleaner may be provided on an upstream side of
the internal combustion engine on the downstream side
of the downstream intake air flow passage 2012.
[0104] The communication pipe 2020 is a pipe provid-
ed to extend along the intake air flow passage 2010. In
Embodiment 2, the communication pipe 2020 is formed
by a first member 2040, a second member 2050 and a
third member 2060.

[0105] As will be described later, the communication
pipe 2020 has the inlet 2091 and the outlet 2092. The
inlet 2091 is an opening on the intake air flow passage
2010 side. The outlet 2092 is an opening on the volume
chamber 2070 side. Through such a communication pipe
2020, the intake air flow passage 2010 and the volume
chamber 2070 communicate with each other.

[0106] The resonator 2030 is provided with the com-
munication pipe 2020 and the volume chamber 2070.
The volume chamber 2070 is a space part having a pre-
determined volume. The first member 2040, the second
member 2050 and the third member 2060 are superim-
posed on one another in the named order from a lower
side in a vertical direction to be integrally formed, thereby
the resonator 2030 according to Embodiment 2 is formed.
[0107] A lower-side intake air flow passage forming
part2041 (corresponding to a firstintake air flow passage
forming part in Claims) which forms a part of the intake
air flow passage 2010 on the second member 2050 side
is provided in the first member 2040. The lower-side in-
take air flow passage forming part 2041 is formed into a
groove shape which is recessed in section and which is
opened to the second member 2050 side. In addition,
portions of the lower-side intake air flow passage forming
part 2041 which serve as the upstream intake air flow
passage 2011 and the downstream intake air flow pas-
sage 2012 are substantially horizontal. A portion of the
lower-side intake air flow passage forming part 2041
which serves as the inclined intake air flow passage 2013
is inclined downward toward the downstream side.
[0108] A lower-side communication pipe forming part
2042 (corresponding to a first communication pipe form-
ing part in Claims) which forms a part of the communi-
cation pipe 2020 on the second member 2050 side is
provided in the first member 2040. The lower-side com-
munication pipe forming part 2042 is formed into agroove
shape which is recessed in section and which is opened
to the second member 2050 side. In addition, the lower-
side communication pipe forming part 2042 is provided
to extend along the lower-side intake air flow passage
forming part 2041. The lower-side communication pipe



21 EP 3171 014 A2 22

forming part 2042 includes a portion which is inclined
downward from the front toward the rear in a vehicle
front/rear direction.

[0109] The lower-side intake air flow passage forming
part 2041 and the lower-side communication pipe form-
ing part 2042 are separated from each other by a wall
part 2043. In addition, a portion of the wall part 2043 is
notched so that a lower-side inlet 2044 is formed therein.
Through the lower-side inlet 2044, one downstream-side
end portion of the lower-side intake air flow passage form-
ing part 2041 and one downstream-side end portion of
the lower-side communication pipe forming part 2042
communicate with each other.

[0110] An upper-side intake air flow passage forming
part 2051 (corresponding to a second intake air flow pas-
sage forming part in Claims) which forms a part of the
intake air flow passage 2010 on the first member 2040
side is provided in the second member 2050. The upper-
side intake air flow passage forming part 2051 is formed
into a groove shape which is recessed in section and
which is opened to the first member 2040 side. In addi-
tion, the upper-side intake air flow passage forming part
2051 is inclined downward from the front toward the rear
in the vehicle front/rear direction in line with the inclination
of the lower-side intake air flow passage forming part
2041.

[0111] Anupper-side communication pipe forming part
2052 (corresponding to a second communication pipe
forming part in Claims) which forms a part of the com-
munication pipe 2020 on the first member 2040 side is
provided in the second member 2050. The upper-side
communication pipe forming part 2052 is formed into a
groove shape which is recessed in section and which is
opened to the first member 2040 side. In addition, the
upper-side communication pipe forming part 2052 is pro-
vided to extend along the upper-side intake air flow pas-
sage forming part 2051. The upper-side communication
pipe forming part 2052 includes a portion inclined down-
ward from the front toward the rear in the vehicle
front/rear direction in line with the inclination of the lower-
side communication pipe forming part 2042.

[0112] The upper-side intake air flow passage forming
part 2051 and the upper-side communication pipe form-
ing part 2052 are separated from each other by a wall
part 2053. In addition, a portion of the wall part 2053 is
notched so that an upper-side inlet 2056 is formed there-
in. Through the upper-side inlet 2056, one downstream-
side end portion of the upper-side intake air flow passage
forming part 2051 and one downstream-side end portion
of the upper-side communication pipe forming part 2052
communicate with each other.

[0113] A lower-side volume chamber forming part
2058 (corresponding to a first volume chamber forming
part in Claims) which forms a part of the volume chamber
2070is provided in the second member 2050. The lower-
side volume chamber forming part 2058 is the whole of
an internal recessed portion which is surrounded by a
wall part 2080 provided on an upper face side of the sec-

10

15

20

25

30

35

40

45

50

55

12

ond member 2050. The wall part 2080 is formed so as
to surround the inclined intake air flow passage 2013 of
the intake air flow passage 2010, a small volume part
2054 which will be described below, and a front-side part
of the communication pipe 2020 in plan view.

[0114] The lower-side volume chamber forming part
2058 is constituted by the small volume part 2054 and a
large volume part 2057. The small volume part 2054 is
a box-like recessed portion which is positioned on one
side of the intake air flow passage 2010 in a vehicle width
direction and which has a rectangular shape opened to
the third member 2060 side. The large volume part 2057
is a recessed portion which is surrounded by the wall part
2080. An upper face of the second member 2050 is used
as the bottom of the large volume part 2057.

[0115] The small volume part 2054 is formed to be
deepened toward the lower side in the vertical direction,
and overlap with the inclined intake air flow passage 2013
in side view. The large volume part 2057 is positioned
on an upper side than the inclined intake air flow passage
2013 in side view. In other words, a portion of the bottom
of the large volume part 2057 is recessed downward to
be formed as the small volume part 2054.

[0116] The outlet 2092 is provided in the second mem-
ber 2050. The outlet 2092 is a hole which penetrates the
second member 2050 in a thickness direction and
through which the communication pipe 2020 and the vol-
ume chamber 2070 are made to communicate with each
other.

[0117] An upper-side volume chamber forming part
2061 (corresponding to a second volume chamber form-
ing partin Claims) which forms a part of the volume cham-
ber 2070 is provided in the third member 2060. The up-
per-side volume chamber forming part 2061 is formed
into a groove shape which is recessed in section and
which is opened to the second member 2050 side. In
Embodiment 2, the upper-side volume chamber forming
part 2061 is formed to be opposed to the lower-side vol-
ume chamber forming part 2058.

[0118] Incidentally, although the material of the first
member 2040, the second member 2050 and the third
member 2060 is not limited particularly, they can be mold-
ed and formed out of a resin.

[0119] When the first member 2040, the second mem-
ber 2050 and the third member 2060 are connected to
one another integrally, the air intake device 2001 is
formed. The air intake device 2001 is provided with the
resonator 2030 and the intake air flow passage 2010.
The resonator 2030 has the communication pipe 2020
and the volume chamber 2070.

[0120] That is, one intake air flow passage 2010 in
which the opening of the lower-side intake air flow pas-
sage forming part 2041 and the opening of the upper-
side intake air flow passage forming part 2051 are con-
nected to each other is formed by the first member 2040
and the second member 2050.

[0121] In addition, one communication pipe 2020 in
which the opening of the lower-side communication pipe
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forming part 2042 and the opening of the upper-side com-
munication pipe forming part 2052 are connected to each
other is formed by the first member 2040 and the second
member 2050. Further, when the first member 2040 and
the second member 2050 are connected to each other,
one inlet 2091 is formed out of the lower-side inlet 2044
and the upper-side inlet 2056.

[0122] In addition, one volume chamber 2070 in which
the opening of the lower-side volume chamber forming
part 2058 and the opening of the upper-side volume
chamber forming part 2061 are connected to each other
is formed by the second member 2050 and the third mem-
ber 2060.

[0123] Such a communication pipe 2020 communi-
cates with the intake air flow passage 2010 through the
inlet 2091 on the downstream side of the intake air flow
passage 2010. The volume chamber 2070 communi-
cates with the communication pipe 2020 through the out-
let 2092.

[0124] A part of the second member 2050 to which the
third member 2060 is connected is a top face 2081 of the
wall part 2080 which forms the lower-side volume cham-
ber forming part 2058. The top face 2081 is an approxi-
mately horizontal face facing the third member 2060 side.
On the other hand, although not shown particularly, a
part of the third member 2060 to which the second mem-
ber 2050 is connected is also an approximately horizontal
flat face which has the same shape as the top face 2081
and which faces the second member 2050 side.

[0125] Thus, the second member 2050 and the third
member 2060 are connected to each other at their hori-
zontal faces. Therefore, a gap is hardly generated be-
tween the second member 2050 and the third member
2060. Thus, airtightness of the second volume chamber
2070 formed by the second member 2050 and the third
member 2060 can be improved.

[0126] In Embodiment 2, the intake air flow passage
2010 has the inclined intake air flow passage 2013 which
is inclined. In order to form the inclined intake air flow
passage 2013, the upper-side intake air flow passage
forming part2051 of the second member 2050 is inclined.
Thus, although the second member 2050 includes the
inclined part, the face where the second member 2050
is connected to the third member 2060 can be formed as
ahorizontal face due to the provision of the wall part 2080.
[0127] An air flow in the air intake device 2001 having
such a configuration will be described with reference to
Fig. 15. Fig. 15 is a plan view of the air intake device
showing the air flow. The third member 2060 is not shown
in Fig. 15.

[0128] As indicated by an arrow L, external air flows
into the intake air flow passage 2010 to be sent out to
the internal combustion engine from the downstream in-
take air flow passage 2012. In addition, as indicated by
an arrow M, a part of the air flowing into the intake air
flow passage 2010 flows into the communication pipe
2020fromtheinlet2091. The air flowing through the com-
munication pipe 2020 reaches the volume chamber 2070
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from the outlet 2092.

[0129] The air intake device 2001 of the internal com-
bustion engine having the aforementioned configuration
is provided with the communication pipe 2020 through
which the intake air flow passage 2010 and the volume
chamber 2070 communicate with each other. Thatis, the
volume chamber 2070 is connected to the intake air flow
passage 2010 not directly butindirectly through the com-
munication pipe 2020. When the length or diameter of
the communication pipe 2020 is adjusted suitably, a fre-
quency of resonance sound attenuated in the volume
chamber 2070 can be set as a desired frequency.
[0130] In order to attenuate resonance sound at the
desired frequency, in the background art, the size of the
volume chamber or the layout of the volume chamber
2070 with respect to the intake air flow passage 2010
has to be changed. On the other hand, in the air intake
device 2001 according to Embodiment 2, the communi-
cation pipe 2020 may be configured to have a length or
diameter suitable for attenuation of the resonance sound
at the desired frequency after the volume chamber 2070
has been disposed in accordance with the layout of var-
ious devices such as the internal combustion engine, the
intake air flow passage 2010 and an air cleaner disposed
on the intake air flow passage 2010. Accordingly, the air
intake device 2001 can attenuate the resonance sound
at the desired frequency without being easily restricted
by the layout etc. of the various devices such as the intake
air flow passage 2010.

[0131] In Embodiment 2, the length of the communi-
cation pipe 2020 extends from the inlet 2091 to the outlet
2092. When the position of the inlet 2091 or the outlet
2092 is adjusted, the length of the communication pipe
2020 can be adjusted easily. That is, when the position
of the inlet 2091 or the outlet 2092 is adjusted, the com-
munication pipe 2020 can be formed to have any length
without the necessity of changing any other member.
Thus, when only a small number of members are
changed, the air intake device 2001 for attenuating res-
onance sound at a desired frequency can be configured.
[0132] Inaddition, the communication pipe 2020 is pro-
vided to extend along the intake air flow passage 2010.
Therefore, a required space for the communication pipe
2020 is only around the intake air flow passage 2010.
Since a space where the intake air flow passage 2010
should be disposed is originally provided in a vehicle,
there is little fear that the space required for forming the
communication pipe 2020 may interfere with any other
device. Thus, the length of the communication pipe 2020
can be secured sufficiently to attenuate resonance
sound, and space saving can be achieved.

[0133] Further, in the communication pipe 2020, the
inlet 2091 which is formed as an entrance of air is posi-
tioned on the downstream side of the intake air flow pas-
sage 2010, and the outlet 2092 which is formed as an
exit of the air is positioned on the upstream side of the
intake air flow passage 2010. That is, air flowing through
the communication pipe 2020 moves in an opposite di-
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rection to an air flow in the intake air flow passage 2010.
[0134] According to such a configuration of the com-
munication pipe 2020, even when moisture such as water
drops enters the intake air flow passage 2010 together
with air, the moisture can be suppressed from entering
the communication pipe 2020. Accordingly, the volume
of the volume chamber 2070 can be prevented from var-
ying due to water accumulated in the volume chamber
2070 through the communication pipe 2020. Thus, ares-
onance sound attenuation effect achieved by the volume
chamber 2070 can be maintained excellently.

[0135] Incidentally, when moisture enters the commu-
nication pipe 2020, the moisture is accumulated in the
volume chamber 2070. When the moisture is accumu-
lated in the volume chamber 2070, the volume of the
volume chamber 2070 varies so that resonance sound
having a desired frequency cannot be attenuated.
[0136] The intake air flow passage 2010 has the in-
clined intake air flow passage 2013 inclined downward
from the upstream side toward the downstream side.
Similarly, the communication pipe 2020 is inclined along
the inclined intake air flow passage 2013. The outlet 2092
is positioned on the upper side than the inlet 2091 of the
communication pipe 2020. Since it is almost impossible
for moisture to enter such a communication pipe 2020
while moving up along the communication pipe 2020,
moisture can be more surely prevented from entering the
communication pipe 2020.

[0137] In addition, the small volume part 2054 of the
volume chamber 2070 is formed to overlap with the in-
clined intake air flow passage 2013 in side view. Thus,
a space occupied by the volume chamber 2070 can be
reduced in a height direction. When the small volume
part 2054 is made not to overlap with the inclined intake
air flow passage 2013, the upper-side volume chamber
forming part 2061 has to be enlarged upward by the vol-
ume of the small volume part 2054. Therefore, the air
intake device 2001 requires a larger space in the height
direction.

[0138] Further, the air intake device 2001 according to
Embodiment 2 is provided with the first member 2040,
the second member 2050 and the third member 2060
which are superimposed on one another to be formed
integrally. Thus, the intake air flow passage 2010, the
volume chamber 2070 and the communication pipe 2020
can be formed integrally so that the components can be
arranged compactly. Incidentally, in the background art,
the intake air flow passage 2010, and the resonator 2030
which is provided with the communication pipe 2020 and
the volume chamber 2070 are formed by separate mem-
bers. Accordingly, the number of components increases,
and labor and time for assembling the resonator 2030
with the intake air flow passage 2010 increase. In addi-
tion, even when the intake air flow passage 2010 and the
volume chamber 2070 are intended to be formed inte-
grally by one member, it is difficult that the intake air flow
passage 2010 and the volume chamber 2070 are formed
to overlap with each other vertically in plan view.
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(Embodiment 3)

[0139] An air intake device of an internal combustion
engine according to Embodiment 3 will be described with
reference to Figs. 16 to 19. Fig. 16 is a plan view showing
an external appearance of the air intake device. Fig. 17
is a side view of the air intake device. Fig. 18 is a per-
spective view ofthe airintake device. Fig. 19is a sectional
view taken along a line D-D of Fig. 16. A third member
is not shown in Fig. 18. In addition, the section taken
along the line D-D is a section which passes through an
intake air flow passage 2110, a volume chamber 2170,
a communication pipe 2120, an inlet 2191 and an outlet
2192,

[0140] The airintake device 2001A of the internal com-
bustion engine according to Embodiment 3 is provided
with the intake air flow passage 2110, and a resonator
2130. The resonator 2130 has the communication pipe
2120 and the volume chamber 2170. In addition, the air
intake device 2001A is provided with a housing chamber
2180 in which the communication pipe 2120 is housed.
[0141] The intake air flow passage 2110 is a flow pas-
sage of air to be fed to the internal combustion engine
(not shown). In Embodiment 3, the intake air flow pas-
sage 2110 is constituted by an upstream intake air flow
passage 2111 and an inclined intake air flow passage
2113.

[0142] The upstream intake air flow passage 2111 is
a flow passage which has an air intake port (not shown)
for taking in air at its one end side and which extends
rearward (toward the rear in an X direction). The inclined
intake air flow passage 2113 is a flow passage which
continues from the upstream intake air flow passage
2111 and is inclined downward toward the rear. A rear
side of the inclined intake air flow passage 2113 is con-
nected to the not-shown internal combustion engine.
[0143] Incidentally, adevice suchas an air cleaner may
be provided on an upstream side of the internal combus-
tion engine on the downstream side of the inclined intake
air flow passage 2113. The communication pipe 2120 is
a pipe which branches from the intake air flow passage
2110 and is provided to extend along the intake air flow
passage 2110. In Embodiment 3, the communication
pipe 2120 is formed out of a separate member from a
first member 2140, a second member 2150 and a third
member 2160. That is, the communication pipe 2120 is
not formed by the firstmember 2140, the second member
2150 and the third member 2160 integrally with the res-
onator 2130.

[0144] The resonator 2130 is provided with the com-
munication pipe 2120 and the volume chamber 2170.
The volume chamber 2170 is a space part having a pre-
determined volume. The resonator 2130 according to
Embodiment 3 is formed when the first member 2140,
the second member 2150 and the third member 2160
are connected in the named order from a lower side in a
vertical direction.

[0145] A lower-side intake air flow passage forming
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part 2141 (corresponding to afirstintake air flow passage
forming part in Claims) which forms a part of the intake
air flow passage 2110 is provided in the first member
2140. The lower-side intake air flow passage forming part
2141 is formed into a groove shape which is recessed in
section and which is opened to the second member 2150
side. In addition, a portion of the lower-side intake air flow
passage forming part 2141 which serves as the upstream
intake air flow passage 2111 extends substantially hori-
zontally from the front toward the rear in a vehicle
front/rear direction. A portion of the lower-side intake air
flow passage forming part 2141 which starts from a mid-
way place thereof to serve as the inclined intake air flow
passage 2113 isinclined downward from the front toward
the rear.

[0146] The volume chamber 2170 which is opened to
the second member 2150 side is provided in the first
member 2140. The volume chamber 2170 communi-
cates with the housing chamber 2180 to thereby form
one space. The housing chamber 2180 will be described
later. In addition, the volume chamber 2170 is formed to
be deepened toward the lower side in the vertical direc-
tion and overlap with the intake air flow passage 2110 in
side view.

[0147] An upper-side intake air flow passage forming
part 2151 (corresponding to a second intake air flow pas-
sage forming part in Claims) which forms a part of the
intake air flow passage 2110 is provided in the second
member 2150. The upper-side intake air flow passage
forming part 2151 is formed into a groove shape which
is recessed in section and which is opened to the first
member 2140 side. In addition, a portion of the upper-
side intake air flow passage forming part 2151 which
serves as the upstream intake air flow passage 2111
extends substantially horizontally from the front toward
the rear in the vehicle front/rear direction. A portion of
the upper-side intake air flow passage forming part 2151
which starts from a midway place thereof to serve as the
inclined intake air flow passage 2113 is inclined down-
ward from the front toward the rear.

[0148] A branch opening 2144 which penetrates the
second member 2150 in a thickness direction to commu-
nicate with the upper-side intake air flow passage forming
part 2151 is provided in the second member 2150. The
branch opening 2144 is formed into a cylindrical shape
which protrudes upward from the second member 2150
in the vertical direction. The branch opening 2144 is po-
sitioned on a downstream side of the intake air flow pas-
sage 2110.

[0149] A lower-side housing chamber forming part
2158 (corresponding to a first housing chamber forming
partin Claims) which forms a part of the housing chamber
2180 on the third member 2160 side is provided in the
second member 2150. The lower-side housing chamber
forming part 2158 is formed into a recess shape which
is opened to the third member 2160 side. A communica-
tion opening part 2159 penetrating the second member
2150 is formed in a region of the second member 2150
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opposed to the volume chamber 2170. The lower-side
housing chamber forming part 2158 is a recessed part
of the second member 2150 facing the third member
2160 except the communication opening part 2159.
[0150] An upper-side housing chamber forming part
2161 (corresponding to a second housing chamber form-
ing part in Claims) which forms a part of the housing
chamber 2180 on the second member 2150 side is pro-
vided in the third member 2160. The upper-side housing
chamberforming part2161 is formed into a groove shape
which is recessed in section and which is opened to the
second member 2150 side. In Embodiment 3, the upper-
side housing chamber forming part 2161 is formed to be
opposed to the lower-side housing chamber forming part
2158 and the volume chamber 2170.

[0151] Incidentally, although the material of the first
member 2140, the second member 2150 and the third
member 2160 is not limited particularly, they can be mold-
ed and formed out of a resin.

[0152] When the first member 2140, the second mem-
ber 2150 and the third member 2160 are connected in-
tegrally, the air intake device 2001A provided with the
resonator 2130 and the intake air flow passage 2110 is
formed. The resonator 2130 has the communication pipe
2120 which is housed in the housing chamber 2180, and
the volume chamber 2170.

[0153] That is, one intake air flow passage 2110 in
which the opening of the lower-side intake air flow pas-
sage forming part 2141 and the opening of the upper-
side intake air flow passage forming part 2151 are con-
nected to each other is formed by the first member 2140
and the second member 2150.

[0154] Inaddition, one housing chamber 2180 in which
the opening of the lower-side housing chamber forming
part 2158 and the opening of the upper-side housing
chamber forming part 2161 are connected to each other
is formed by the second member 2150 and the third mem-
ber 2160. The housing chamber 2180 formed thus com-
municates with the volume chamber 2170 so that one
integrated volume chamber including the housing cham-
ber 2180 and the volume chamber 2170 is formed. That
is, the housing chamber 2180 and the volume chamber
2170 are integrated to generate an effect and a function
for attenuating intake noise.

[0155] The communication pipe 2120 is housed inside
the housing chamber 2180. In addition, the communica-
tion pipe 2120 has the inlet 2191 as one opening and the
outlet 2192 as the other opening. The inlet 2191 is con-
nected to the branch opening 2144. The outlet 2192 is
positioned inside the housing chamber 2180. Through
such a communication pipe 2120, the volume chamber
2170 and the intake air flow passage 2110 communicate
with each other.

[0156] An air flow in the air intake device 2001A having
such a configuration will be described with reference to
Figs. 18 and 19.

[0157] Airfed from the outside flows into the intake air
flow passage 2110 to be sent out to the internal combus-
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tion engine from the inclined intake air flow passage
2113. In addition, as indicated by an arrow M, a part of
the air flowing into the intake air flow passage 2110 flows
into the communication pipe 2120 from the inlet 2191.
The air flowing through the communication pipe 2120
reaches the housing chamber 2180 and the volume
chamber 2170 from the outlet 2192.

[0158] The airintake device 2001A of the internal com-
bustion engine having the aforementioned configuration
is provided with the communication pipe 2120 through
which the intake air flow passage 2110 and the volume
chamber 2170 communicate with each other. Thatis, the
volume chamber 2170 is connected to the intake air flow
passage 2110 not directly but indirectly through the com-
munication pipe 2120. When the length or diameter of
the communication pipe 2120 is adjusted suitably, a fre-
quency of resonance sound to be attenuated in the vol-
ume chamber 2170 can be set as a desired frequency.
[0159] In order to attenuate resonance sound at the
desired frequency, in the background art, the size of the
volume chamber or the layout of the volume chamber
2170 with respect to the intake air flow passage 2110
has to be changed. On the other hand, in the air intake
device 2001A according to the Embodiment 3, the com-
munication pipe 2120 may be configured to have a length
or diameter suitable for attenuation of the resonance
sound at the desired frequency after the volume chamber
2170 has been disposed in accordance with the layout
of various devices such as the internal combustion en-
gine, the intake air flow passage 2110 and an air cleaner
disposed on the intake air flow passage 2110. Accord-
ingly, the air intake device 2001A can attenuate the res-
onance sound at the desired frequency without being
easily restricted by the layout of the various devices such
as the intake air flow passage 2110.

[0160] In Embodiment 3, the communication pipe 2120
is a separate body from the first member 2140, the sec-
ond member 2150 and the third member 2160. Accord-
ingly, when only the length or diameter of the communi-
cation pipe 2120 is changed, the air intake device 2001A
for attenuating resonance sound at a desired frequency
can be configured.

[0161] Inaddition,the communication pipe 2120 is pro-
vided to extend along the intake air flow passage 2110.
Therefore, a required space for the communication pipe
2120 is only around the intake air flow passage 2110.
Since a space where the intake air flow passage 2110
should be disposed is originally provided in a vehicle,
there is little fear that the space required for forming the
communication pipe 2120 may interfere with any other
device. Thus, the length of the communication pipe 2120
can be secured sufficiently to attenuate resonance
sound, and space saving can be achieved.

[0162] Further, the communication pipe 2120 has the
inlet 2191 as an entrance of air and the outlet 2192 as
an exit of the air. The inlet 2191 is positioned on the down-
stream side of the intake air flow passage 2110. The out-
let 2192 is positioned on the upstream side of the intake
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air flow passage 2110. That is, air flowing through the
communication pipe 2120 moves in an opposite direction
to an air flow in the intake air flow passage 2110.
[0163] According to such a configuration of the com-
munication pipe 2120, even when moisture such as water
drops together with air enters the intake air flow passage
2110, the moisture can be suppressed from entering the
communication pipe 2120. Accordingly, the volume of
the volume chamber 2170 can be prevented from varying
due to water accumulated in the volume chamber 2170
through the communication pipe 2120. Thus, a reso-
nance sound attenuation effect achieved by the volume
chamber 2170 can be maintained excellently.

[0164] Inaddition, theinlet 2191 of the communication
pipe 2120 faces down in the vertical direction. Since the
inlet 191 is formed thus, it is almost impossible for mois-
ture to move up from the intake air flow passage 2110
and enter the communication pipe 2120. Accordingly, the
moisture can be more surely prevented from entering the
communication pipe 2120.

[0165] In addition, the inclined intake air flow passage
2113 constituting a part of the intake air flow passage
2110 is inclined downward from the front toward the rear
in the vehicle front/rear direction. The communication
pipe 2120 is similarly inclined along the inclined intake
air flow passage 2113. The outlet 2192 is positioned on
an upper side than the inlet 2191 in the communication
pipe 2120.

[0166] It is almost impossible for moisture to enter the
communication pipe 2120 while moving up along the
communication pipe 2120. Accordingly, the moisture can
be more surely prevented from entering the communica-
tion pipe 2120.

[0167] Inaddition, the volume chamber 2170 is formed
to overlap with the inclined intake air flow passage 2113
in side view. Thus, the space which is occupied by the
volume chamber 2170 can be reduced in a height direc-
tion. When the volume chamber2170is made notto over-
lap with the inclined intake air flow passage 2113, the
upper-side housing chamber forming part 2161 has to
be enlarged upward by the volume of the volume cham-
ber 2170. Therefore, the air intake device 2001A requires
a larger space in the height direction.

[0168] Further, the air intake device 2001A according
to Embodiment 3 is provided with the first member 2140,
the second member 2150 and the third member 2160
which are superimposed on one another to be formed
integrally. Thus, the intake air flow passage 2110 and
the volume chamber 2170 can be formed integrally so
that the components can be arranged compactly.
[0169] Although Embodiment 2 and Embodiment 3 as
embodiments of the invention have been described
above, the invention is not limited to the aforementioned
Embodiment 2 and the aforementioned Embodiment 3.
The invention can be changed suitably without departing
from its gist.

[0170] Although the directions of air flows in the com-
munication pipe 2020 and the communication pipe 2120
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are opposite to the directions of air flows in the intake air
flow passage 2010 and the intake air flow passage 2110
respectively, for example, in the aforementioned Embod-
iment 2 and the aforementioned Embodiment 3, the com-
munication pipe 2020 and the communication pipe 2120
are notlimited to such modes. That is, the communication
pipe 2020 and the communication pipe 2120 may be pro-
vided to extend at least along the intake air flow passage
2010 and the intake air flow passage 2110 respectively,
and the directions of air flows in the communication pipe
2020 and the communication pipe 2120 may be the same
as the directions of air flows in the intake air flow passage
2010 and the intake air flow passage 2110 respectively.
[0171] Although the intake air flow passage 2010 and
the intake air flow passage 2110 have the inclined intake
air flow passage 2013 and the inclined intake air flow
passage 2113 respectively, they are not limited to such
modes. That is, the intake air flow passage 2010 and the
intake air flow passage 2110 may be made substantially
parallel without having the inclined intake air flow pas-
sage 2013 and the inclined intake air flow passage 2113
respectively, or may be inclined upward from the up-
stream side toward the downstream side. Further, the
outlet 2092 of the communication pipe 2020 and the out-
let 2192 of the communication pipe 2120 do not have to
be located on the upper sides than the inlet 2091 and the
inlet 2191 respectively but may be positioned at substan-
tially the same heights as or on lower sides than the inlet
2091 and the inlet 2191 respectively.

[0172] Although the volume chamber 2070 and the vol-
ume chamber 2170 are formed to overlap with the in-
clined intake air flow passage 2013 and the inclined in-
take air flow passage 2113 in side view, they are not
limited to such modes. That s, the volume chamber 2070
and the volume chamber 2170 do not overlap with the
inclined intake air flow passage 2013 and the inclined
intake air flow passage 2113 respectively in side view
but may be positioned on the upper sides or the lower
sides than the inclined intake air flow passage 2013 and
the inclined intake air flow passage 2113 respectively.
[0173] Although the inlet 2191 of the communication
pipe 2120 faces down, it is not limited to such a mode
but may face in any direction.

[0174] Although the resonator 2030 is constituted by
the first member 2040, the second member 2050 and the
third member 2060, and the resonator 2130 is constituted
by the first member 2140, the second member 2150 and
the third member 2160, the resonator 2030 and the res-
onator 2130 are not limited to such modes. Each of the
inclined intake air flow passage 2013, the communication
pipe 2020 and the volume chamber 2070 may be con-
stituted by one and the same member or may be consti-
tuted by two members or by four or more members. The
same rule may also apply to the resonator 2130.
[0175] In addition, the resonator 2030 is provided with
one communication pipe 2020 and one volume chamber
2070. However, the resonator 2030 may be alternatively
provided with two or more communication pipes 2020
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and two or more volume chambers 2070. The same rule
may also apply to the resonator 2130.

[0176] The invention can be used in a car industrial
field.

Claims

1. An air intake device of an internal combustion en-
gine, the air intake device comprising:

a first resonator and a second resonator which
have a first volume chamber and a second vol-
ume chamber, respectively, the first and second
volume chambers communicating with an intake
air flow passage feeding air to the internal com-
bustion engine; and

a first member, a second member and a third
member which form the first resonator and the
second resonator,

characterized in that:

the first resonator is formed by the first member
and the second member; and

the second resonator is formed by the second
member and the third member.

2. The air intake device according to claim 1, charac-
terized in that
volume of the first volume chamber is different from
volume of the second volume chamber.

3. The air intake device according to claim 1 or claim
2, characterized in that
the intake air flow passage is formed by the second
member and the third member.

4. The air intake device according to claim 1 or claim
2, characterized in that
the intake air flow passage is formed by the first
member and the second member.

5. The air intake device according to claim 4, charac-
terized in that:

the first resonator is formed on one side of the
intake air flow passage in plan view; and

the second resonator is formed to overlap with
the intake air flow passage and extend to both
sides of the intake air flow passage in plan view.

6. The air intake device according to any one of claims
3 to 5, characterized in that:

the first resonator is provided with a first com-
munication pipe which branches from the intake
air flow passage to communicate with the first
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volume chamber;

the second resonator is provided with a second
communication pipe which branches from the
intake air flow passage to communicate with the
second volume chamber; and

at least one of the first communication pipe and
the second communication pipe is provided to
extend in a direction along an air flow of the in-
take air flow passage.

The air intake device according to claim 6, charac-
terized in that

length of the first communication pipe is different
from length of the second communication pipe.

The air intake device according to claim 6 or claim
7, characterized in that:

the intake air flow passage is formed by the first
member and the second member to be inclined
downward from an upstream side toward a
downstream side;

the first volume chamber is formed on one side
of the intake air flow passage in plan view;

the second volume chamber is formed to overlap
with the intake air flow passage and extend to
both sides of the intake air flow passage in plan
view;

the second communication pipe is provided to
extend in the direction along the air flow of the
intake air flow passage; and

an outlet of the second communication pipe con-
nected to the second volume chamber is posi-
tioned on an upper side than an inlet of the sec-
ond communication pipe connected to the intake
air flow passage.

An air intake device of an internal combustion en-
gine, the air intake device comprising:

an intake air flow passage which is a flow pas-
sage of air to be fed to the internal combustion
engine; and

a resonator which includes a communication
pipe communicating with the intake air flow pas-
sage, and a volume chamber communicating
with the intake airflow passage through the com-
munication pipe,

characterized in that
the communication pipe is provided to extend along
the intake air flow passage.

The air intake device according to claim 9, charac-
terized in that

a direction of an air flow in the communication pipe
is opposite to a direction of an air flow in the intake
air flow passage.
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The air intake device according to claim 9 or claim
10, characterized in that

an inlet of the communication pipe which is an open-
ing on a side of the intake air flow passage faces
down.

The air intake device according to any one of claims
9 to 11, characterized in that:

the intake air flow passage is inclined downward
from an upstream side toward a downstream
side; and

an outlet of the communication pipe which is an
opening on a side of the volume chamber is po-
sitioned on an upper side than an inlet of the
communication pipe which is an opening on a
side of the intake air flow passage.

The air intake device according to claim 12, charac-
terized in that

the intake air flow passage includes an inclined in-
take air flow passage which is inclined downward
from the upstream side toward the downstream side;
and the volume chamber is formed to overlap with
the inclined intake air flow passage in side view.

The air intake device according to any one of claims
9 to 13, characterized in that:

a first member, a second member and a third
member which are superimposed on one anoth-
er to be formed integrally to thereby form the
intake air flow passage, the communication pipe
and the volume chamber are provided;

the first member includes a first intake air flow
passage forming part forming a part of the intake
air flow passage on a side of the second mem-
ber, and a first communication pipe forming part
forming a part of the communication pipe on a
side of the second member;

the second member includes a second intake
air flow passage forming part forming a part of
the intake air flow passage on a side of the first
member, a second communication pipe forming
part forming a part of the communication pipe
on a side of the first member, and a first volume
chamber forming part forming a part of the vol-
ume chamber on a side of the third member;
the third member includes a second volume
chamber forming part forming a part of the vol-
ume chamber on a side of the second member;
the intake air flow passage is formed out of the
firstintake air flow passage forming part and the
second intake air flow passage forming part;
the communication pipe is formed out of the first
communication pipe forming part and the sec-
ond communication pipe forming part; and

the volume chamber communicating with the
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communication pipe is formed out of the first vol-
ume chamber forming part and the second vol-
ume chamber forming part.

15. The air intake device according to any one of claims %
9 to 13, characterized in that:

a first member, a second member and a third
member which are superimposed on one anoth-

er to be formed integrally to thereby form the 170
intake air flow passage, a housing chamber for
housing the communication pipe, and the vol-
ume chamber are provided;

the first member includes a first intake air flow
passage forming partforming a part ofthe intake 75
air flow passage on a side of the second mem-

ber, and the volume chamber opened to a side

of the second member;

the second member includes a second intake

air flow passage forming part forming a part of 20
the intake air flow passage on a side of the first
member, and a first housing chamber forming
part forming a part of the housing chamber on

a side of the third member;

the third member includes a second housing 25
chamber forming part forming a part of the hous-

ing chamber on a side of the second member;

the intake air flow passage is formed out of the
firstintake air flow passage forming part and the
second intake air flow passage forming part; 30
the housing chamber is formed out of the first
housing chamber forming part and the second
housing chamber forming part;

the volume chamber and the housing chamber
communicate with each other; and 35
the communication pipe is housed in the housing
chamber, and the housing chamber and the in-
take air flow passage communicate with each

other through the communication pipe.
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