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Description

BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to an intake man-
ifold for an internal combustion engine.

[0002] Intake manifolds for an internal combustion en-
gine of an automobile are well known, in which there are
provided a surge tank and a plurality of branches which
are connected to the surge tank and supplies air to cyl-
inders of the engine.

[0003] Japanese Patent Provisional Publication No.
2003-139001 discloses an intake manifold with a reso-
nator that is provided for the purpose of reducing noise
in the intake manifold. The intake manifold includes an
upper shell and a lower shell which are joined with each
other by vibration welding to form a plurality of individual
pipes for distributing intake air to the engine cylinders
and a resonance space. The upper shell is formed with
a plurality of openings and a cover is fixed by vibration
welding to the upper shell so as to cover the openings.
A reflection or resonator chamber is formed between the
upper shell and the cover and communicated with the
resonance space through the openings.

SUMMARY OF THE INVENTION

[0004] However, in the intake manifold of the above-
described conventional art, only an outer peripheral edge
of the cover is fixed to the upper shell of the intake man-
ifold and a joint portion to be fixed to the upper shell by
vibration welding has an evenly wide width. Therefore,
in a case where the reflection chamber is enlarged in
volume, a wall thickness of the cover should be increased
or the cover should be provided with a rib in order to
ensure rigidity of the cover. This leads to increase in
weight of the intake manifold.

[0005] Itis an object of the present invention to solve
the above-described problem in the technologies of the
conventional art and to provide an intake manifold includ-
ing a resonator in which rigidity of the resonator can be
ensured without causing increase in total weight of the
intake manifold.

[0006] In one aspect of the present invention, there is
provided an intake manifold for an internal combustion
engine, the intake manifold comprising:

an intake manifold body including a collector and a
plurality of branches which are connected to the col-
lector in parallel to each other and joined with each
other through a connecting wall between the adja-
cent branches, the branches being adapted to dis-
tribute intake air to cylinders of the engine; and

a resonator including a resonator body member that
is fixed onto an outer surface of the intake manifold
body, the resonator body member cooperating with
the outer surface of the intake manifold body to de-
fine a space inside the resonator,
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wherein the outer surface of the intake manifold body
is formed into a wave shape that includes a crest
formed at each of the branches and a valley formed
at the connecting wall,

wherein each of the branches defines a branch pas-
sage therein and has a thickness larger than that of
the connecting wall,

wherein the resonator includes a resonator neck and
a resonator volume chamber within the space, the
resonator volume chamber being communicated
with the collector through the resonator neck,
wherein the resonator neck has a resonator neck
passage formed between a pair of resonator neck
walls which are opposed to each other and connect-
ed with the resonator body member and the outer
surface of the intake manifold body, and the resona-
tor neck is disposed above one of the branches and
extends along the one of the branches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a perspective view of an intake man-
ifold for an internal combustion engine, according to the
present invention.

[0008] FIG. 2 is an exploded perspective view of the
intake manifold of a first embodiment of the present in-
vention.

[0009] FIG. 3is a cross-section of an essential part of
the intake manifold of the first embodiment, taken sub-
stantially perpendicular to a longitudinal direction of
branches of the intake manifold.

[0010] FIG.4isaperspective view of the essential part
of the intake manifold of the first embodiment, showing
an intake manifold body.

[0011] FIG. 5isaperspective view of the essential part
of the intake manifold of the first embodiment, showing
a resonator body when viewed from a rear side thereof.
[0012] FIG. 6 is a cross-section of the essential part of
the intake manifold of the first embodiment, taken in the
longitudinal direction of the branches of the intake man-
ifold.

[0013] FIG. 7 is a view similar to FIG. 6, but shows a
second embodiment of the intake manifold of the present
invention.

[0014] FIG. 8 is a view similar to FIG. 6, but shows a
third embodiment of the intake manifold of the present
invention.

[0015] FIG. 9is a view similar to FIG. 4, but shows the
third embodiment of the intake manifold of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0016] ReferringnowtoFIG. 1toFIG.6, thereis shown
an intake manifold for a multi-cylinder internal combus-
tion engine of a vehicle, according to a preferred embod-
iment of the present invention. In this embodiment, the
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intake manifold is applied to an in-line three-cylinder en-
gine.

[0017] As shown in FIG. 1, intake manifold 1 includes
three branches 2, 3, 4 that distribute intake air to three
cylinders (not shown) of the engine, respectively, collec-
tor 5 that is disposed on an intake upstream side of
branches 2, 3, 4, and resonator 6 that is communicated
with collector 5. Intake manifold 1 is made of a resin ma-
terial. Branches 2, 3, 4 are connected with collector 5
and extend in parallel to each other. Branches 2, 3, 4 are
joined with each other through connecting walls 7, 8 that
extend between adjacent two of branches 2, 3, 4. Spe-
cifically, adjacent branches 2 and 3 are joined with each
other through connecting wall 7 that extends between
branches 2 and 3, and adjacent branches 3 and 4 are
joined with each other through connecting wall 8 that ex-
tends between branches 3 and 4. Intake air is introduced
into an inside of intake manifold 1 through intake air inlet
9 thatis disposed on an intake upstream side of collector
5. Intake air inlet 9 is opened to a mount surface of up-
stream-side flange 10 which is connected to an intake
duct, not shown. Downstream-side flange 11 is formed
at intake downstream ends of respective branches 2, 3,
4. Intake air outlets are opened to a mount surface of
downstream-side flange 11 which is connected to a cyl-
inder head, not shown. Upstream-side flange 10 and
downstream-side flange 11 are formed in first intake
manifold body member 12 of intake manifold body 15 as
explained later.

[0018] As shown in FIG. 2, intake manifold 1 is sub-
stantially constituted of firstintake manifold body member
12 as alower shell, second intake manifold body member
13 as an upper shell and generally rectangular dish-
shaped resonator body member 14. First intake manifold
body member 12 and second intake manifold body mem-
ber 13 cooperate with each other to form intake manifold
body 15 that includes hollow collector 5 and hollow
branches 2, 3, 4. Second intake manifold body member
13 and resonator body member 14 cooperate with each
other to form resonator 6.

[0019] Intake manifold body 15 is formed by joining
first intake manifold body member 12 and second intake
manifold body member 13 with each other on a curved
joint plane that extends along a curved profile of respec-
tive branches 2, 3, 4. Specifically, the curved joint plane
extends in alongitudinal direction of branches 2, 3, 4 and
in a direction of a row of branches 2, 3, 4 so as to con-
tinuously connect branches 2, 3, 4 to each other. The
joint plane extends along central axes of branches 2, 3,
4 which extend in the longitudinal direction of branches
2, 3,4. Thatis, the joint plane is designed to extend sub-
stantially along center lines of branch passages 16, 17,
18 which are formed in branches 2, 3, 4. In other words,
before joining first intake manifold body member 12 and
second intake manifold body member 13 with each other,
intake manifold body 15 is split into first intake manifold
body member 12 and second intake manifold body mem-
ber 13 on the joint plane as a split plane.
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[0020] Branches 2, 3, 4 are formed by first branch
halves 2A, 3A, 4A of first intake manifold body member
12 and second branch halves 2B, 3B, 4B of second intake
manifold body member 13 which are joined with each
other on the joint plane. As shown in FIG. 3, branches 2,
3, 4 define branch passages 16, 17, 18, respectively,
which extend in the longitudinal direction of branches 2,
3, 4. First branch halves 2A, 3A, 4A and second branch
halves 2B, 3B, 4B have a generally half-ellipse shape in
cross section. Connecting walls 7, 8 are formed by first
connecting wall halves 7A, 8A of first intake manifold
body member 12 and second connecting wall halves 7B,
8B of second intake manifold body member 13 which are
jointed with each other on the joint plane.

[0021] As shown in FIG. 2, first intake manifold body
member 12 includes upstream-side flange 10, down-
stream-side flange 11, first collector portion 5A of collec-
tor 5, first branch halves 2A, 3A, 4A of branches 2, 3, 4
and connecting wall halves 7A, 8A of connecting walls
7, 8. Upstream-side flange 10, downstream-side flange
11, first collector portion 5A of collector 5, first branch
halves 2A, 3A, 4A and connecting wall halves 7A, 8A are
integrally formed with first intake manifold body member
12. Each of first branch halves 2A, 3A, 4A has a trough-
shaped opening that extends in a longitudinal direction
of each of branch halves 2A, 3A, 4A. Connecting wall
halves 7A and 8A extend between the adjacent branch
halves 2A, 3A and the adjacent branch halves 3A and
4A, respectively.

[0022] First collector portion 5A of collector 5 serves
as a major portion of collector 5. First collector portion
5A has a rectangular or elliptic opening on an upper sur-
face thereof. As shown in FIG. 2, first branch halves 2A,
3A, 4A are connected with first collector portion 5A to
thereby communicate the trough-shaped openings of
first branch halves 2A, 3A, 4A with the opening of first
collector portion 5A. The trough-shaped openings of first
branch halves 2A, 3A, 4A are merged into the opening
of first collector portion 5A. That is, first intake manifold
body member 12 is configured to have a single opening
that is continuously communicated with both first collec-
tor portion 5A and first branch halves 2A, 3A, 4A.
[0023] Secondintake manifold body member13is also
configured to have a single opening that is continuously
communicated with both second collector portion 5B and
second branch halves 2B, 3B, 4B and cover the single
opening of first intake manifold body member 12. Spe-
cifically, as shown in FIG. 2 and FIG. 3, second intake
manifold body member 13 includes second collector por-
tion 5B of collector 5, second branch halves 2B, 3B, 4B
of branches 2, 3, 4 and second connecting wall halves
7B, 8B of connecting walls 7, 8. Second collector portion
5B, second branch halves 2B, 3B, 4B and second con-
necting wall halves 7B, 8B are integrally formed with sec-
ond intake manifold body member 13. Second collector
portion 5B has an opening on a lower surface thereof
which corresponds to the opening of first collector portion
5A. Each of second branch halves 2B, 3B, 4B has a
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trough-shaped opening that extends in a longitudinal di-
rection of each of second branch halves 2B, 3B, 4B. Con-
necting wall halves 7B and 8B extend between the ad-
jacent branch halves 2B, 3B and the adjacent branch
halves 3B and 4B, respectively. Second branch halves
2B, 3B, 4B are connected with second collector portion
5B to thereby communicate the trough-shaped openings
of second branch halves 2B, 3B, 4B with the opening of
second collector portion 5B. The trough-shaped open-
ings of second branch halves 2B, 3B, 4B are merged into
the opening of second collector portion 5B.

[0024] As shown in FIG. 2, first connecting flange 19
is formed along peripheral edges of the trough-shaped
openings of first branch halves 2A, 3A, 4A and a periph-
eral edge of the opening of first collector portion 5A of
first intake manifold body member 12. First connecting
flange 19 has a substantially uniform width that extends
along outer peripheral edges of the trough-shaped open-
ings of first branch halves 2A and 4A and the peripheral
edge of the opening of first collector portion 5A. First con-
necting flange 19 extends between opposed peripheral
edges of the trough-shaped openings of the adjacent first
branch halves 2A, 3A, 4A and forms first connecting wall
halves 7A, 8A.

[0025] First projection 20 is formed on an upper sur-
face of first connecting flange 19. First projection 20
projects from the upper surface of first connecting flange
19 and continuously extends along the peripheral edge
of the opening of first collector portion 5A and the periph-
eral edges of the trough-shaped openings of first branch
halves 2A, 3A, 4A of first intake manifold body member
12. First projection 20 that extends along the outside pe-
ripheral edges of the trough-shaped openings of first
branch halves 2A and 4A and the peripheral edge of the
opening of first collector portion 5A is located in a sub-
stantially middle position in the width direction of first con-
necting flange 19. First projection 20 has a strap-shaped
top surface serving as a connection surface that is con-
nected with a connection surface of second projection
22 of second connecting flange 21 of second intake man-
ifold body member 13 by vibration welding as explained
later. The connection surface of first projection 20 ex-
tends over the entire length of first projection 20.
[0026] Second connecting flange 21 is formed along
peripheral edges of the trough-shaped openings of sec-
ond branch halves 2B, 3B, 4B and a peripheral edge of
the opening of second collector portion 5B of second in-
take manifold body member 13. Second connecting
flange 21 has a substantially uniform width that extends
along outer peripheral edges of the trough-shaped open-
ings of second branch halves 2B and 4B and the periph-
eral edge of the opening of second collector portion 5B.
Second connecting flange 21 extends between opposed
peripheral edges of the trough-shaped openings of the
adjacent second branch halves 2B, 3B, 4B and forms
second connecting wall halves 7B, 8B.

[0027] Second projection 22 is formed on a lower or
rear surface of second connecting flange 21 and located
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corresponding to first projection 20 of firstintake manifold
body member 12. Second projection 22 projects from the
lower surface of second connecting flange 21 and con-
tinuously extends along the outer peripheral edges of the
trough-shaped openings of second branch halves 2B and
4B and the peripheral edge of the opening of second
collector portion 5B. Second projection 22 that extends
along the outer peripheral edges of the trough-shaped
openings of second branch halves 2B and 4B and the
peripheral edge of the opening of second collector portion
5B islocated in a substantially middle position in the width
direction of second connecting flange 21. Second pro-
jection 22 has a strap-shaped top surface serving as a
connection surface that extends over the entire length of
second projection 22 and is connected with the connec-
tion surface of first projection 20 of first connecting flange
19 by vibration welding. First projection 20 and second
projection 22 are connected with each other through the
vibration-welded connection surfaces.

[0028] Firstintake manifold body member 12 and sec-
ond intake manifold body member 13 are joined with each
other by connecting first projection 20 and second pro-
jection 22 with each other by vibration welding while ap-
plying a suitable pressure thereto in a mutually abutting
state.

[0029] Branches 2, 3, 4 define branch passages 16,
17,18 onthe inside thereof and have a vertical dimension
or thickness larger than that of connecting walls 7, 8. The
vertical dimension or thickness of branches 2, 3, 4 is a
distance that extends between outer surfaces of first
branch halves 2A, 3A, 4A and outer surfaces of second
branch halves 2B, 3B, 4B which are opposed to each
otherin a vertical direction perpendicular to the joint plane
of first intake manifold body member 12 and second in-
take manifold body member 13. The vertical dimension
or thickness of connecting walls 7, 8 is a distance that
extends between outer surfaces of first connecting wall
halves 7A, 8A and outer surfaces of second connecting
wall halves 7B, 8B. Therefore, intake manifold body 15
has an outer surface formed into a wave shape that in-
cludes three crests formed at branches 2, 3, 4 and two
valleys formed at connecting walls 7, 8. Specifically, the
crests are formed by the outer surfaces of second branch
halves 2B, 3B, 4B and the valleys are formed by the outer
surfaces of second connecting wall halves 7B, 8B.
[0030] As shown in FIG. 2 to FIG. 4, second intake
manifold body member 13 has third projection 23 on an
outer surface thereof that forms a part of the outer surface
of intake manifold body 15. Specifically, second intake
manifold body member 13 includes support wall 13a for
supporting resonator body member 14 which is connect-
ed with peripheral side wall 24 of resonator body member
14 and forms a peripheral side wall of resonator 6. Sec-
ond intake manifold body member 13 further includes a
wall that is opposed to a top wall of resonator body mem-
ber 14 and forms a bottom wall of resonator 6. Support
wall 13a extends from the outer surface of second intake
manifold body member 13 toward peripheral side wall 24
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of resonator body member 14 in a direction substantially
perpendicular to the joint plane of first intake manifold
body member 12 and second intake manifold body mem-
ber 13. Support wall 13ais configured to have a generally
rectangular shape in top plan view corresponding to pe-
ripheral side wall 24 of resonator body member 14. Third
projection 23 projects from a tip end of support wall 13a
toward an end of peripheral side wall 24 of resonator
body member 14 in the direction substantially perpendic-
ular to the joint plane of firstintake manifold body member
12 and second intake manifold body member 13. Third
projection 23 continuously extends over an entire periph-
ery of support wall 13a.

[0031] Resonator body member 14 is fixed onto the
outer surface of second intake manifold body member
13. Resonator body member 14 includes fourth projec-
tion 25 that projects from the end of peripheral side wall
24 toward third projection 23 of second intake manifold
body member 13 and continuously extends over an entire
periphery of peripheral side wall 24. Second intake man-
ifold body member 13 and resonator body member 14
are joined with each other by connecting third projection
23 and fourth projection 25 with each other by vibration
welding while applying a suitable pressure to third pro-
jection 23 and fourth projection 25 in a mutually abutting
state. Hermetically sealed space 26 is thus formed inside
resonator 6 and defined between an inside surface of
resonator body member 14 and the outer surface of sec-
ond intake manifold body member 13 which is opposed
to the inside surface of resonator body member 14 as
shown in FIG. 3. Space 26 is communicated with an in-
side space of collector 5 via communication hole 27 that
extends through second intake manifold body member
13 as shown in FIG. 4.

[0032] Resonator 6 that is formed by second intake
manifold body member 13 and resonator body member
14 is a so-called Helmholtz resonator. Resonator 6 in-
cludes resonator neck 30 and resonator volume chamber
31 that is communicated with collector 5 through reso-
nator neck 30. Resonator neck 30 and resonator volume
chamber 31 are formed within space 26 between the out-
er surface of second intake manifold body member 13
and the inside surface of resonator body member 14.
Resonator neck 30 has elongated resonator neck pas-
sage 29 that is formed between a pair of resonator neck
walls 28, 28. Resonator neck walls 28, 28 are opposed
to each other and extend parallel to each other in the
longitudinal direction of branch half 3B.

[0033] AsshowninFIG. 6, resonator neck passage 29
has one end at which communication hole 27 is disposed.
Resonator neck passage 29 is communicated with the
inside space of collector 5 through communication hole
27. The other end of resonator neck passage 29 is
opened into resonator volume chamber 31. Resonator
neck 30 is disposed on one of branches 2, 3, 4 and ex-
tends along the one of branches 2, 3, 4. In this embodi-
ment, resonator neck 30 is located on central branch 3
and extends along central branch 3. A cross section and
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a length of resonator neck passage 29 and a volume of
resonator volume chamber 31 may be suitably set on the
basis of a required resonance frequency of resonator 6.
Dimensions of various portions of resonator body mem-
ber 14 may be suitably modified on the basis of the re-
quired resonance frequency of resonator 6. A configura-
tion of an outer surface of resonator 6 is not limited to
such a wave form as that of the outer surface of intake
manifold body 15 and may be formed into other shapes.
In this embodiment, the outer surface of resonator 6 is
formed into a relatively flat surface.

[0034] Each of resonator neck walls 28, 28 is connect-
ed with resonator body member 14 and the outer surface
of second intake manifold body member 13. Resonator
neck wall 28 is formed by joining rib 32 of second intake
manifold body member 13 which extends on the outer
surface of second intake manifold body member 13 in
the longitudinal direction of branch half 3B, with rib 33 of
resonator body member 14 which extends on an inside
surface of the top wall of resonator body member 14 cor-
responding to rib 32. Specifically, as shown in FIG. 2 and
FIG. 3, rib 32 extends in the longitudinal direction of
branch half 3B and extends from an outer surface of
branch half 3B toward the inside surface of the top wall
of resonator body member 14 in the direction substan-
tially perpendicular to the joint plane of first intake man-
ifold body member 12 and second intake manifold body
member 13. Rib 32 has grooved portion 34 on a tip end
portion thereof which extends over an entire length of rib
32 in the longitudinal direction. As shown in FIG. 6 and
FIG. 3, rib 33 extends in the longitudinal direction of
branch 3 and extends from the inside surface of the top
wall of resonator body member 14 toward the outer sur-
face of branch half 3B in the direction substantially per-
pendicular to the joint plane of first intake manifold body
member 12 and second intake manifold body member
13. Rib 33 has fifth projection 35 that projects from a tip
end of rib 33 so as to be engaged with bottom 34a of
grooved portion 34 of rib 32. Rib 32 and rib 33 are joined
with each other by connecting grooved portion 34 and
fifth projection 35 with each other by vibration welding
while applying a suitable pressure to grooved portion 34
and fifth projection 35 in a mutually engaged state. Thus,
resonator neck wall 28 is formed.

[0035] Resonatorneck wall 28 includes a first connect-
ing portion at which rib 32 of second intake manifold body
member 13 and rib 33 of resonator body member 14 are
joined with each other by vibration welding. That is, the
first connecting portion is formed by connecting fifth pro-
jection 35 of resonator body member 14 with bottom 34a
of grooved portion 34 of rib 32 by vibration welding. The
first connecting portion is smaller in width that extends
in a direction crossing the row of branches 2, 3, 4, than
a second connecting portion at which third projection 23
of second intake manifold body member 13 and fourth
projection 25 of peripheral side wall 24 of resonator body
member 14 are joined with each other by vibration weld-
ing. In other words, the width of fifth projection 35 of rib
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33is smaller than the respective widths of third projection
23 of second intake manifold body member 13 and fourth
projection 25 of resonator body member 14. Further, the
width of fifth projection 35 of rib 33 is smaller than the
width of second projection 22 of second intake manifold
body member 13.

[0036] In the first embodiment explained above, the
pair of resonator neck walls 28, 28 that form resonator
neck 30 of resonator body member 14 serve as an inter-
mediate pillar that is located at a middle portion of reso-
nator body member 14. with the provision of resonator
neck walls 28, 28, rigidity of resonator body member 14
can be enhanced without causing increase in wall thick-
ness of resonator body member 14, namely, increase in
weight of resonator body member 14.

[0037] Further, resonator neck 30 is located above the
crest formed by the outer surface of central branch 3,
thereby facilitating reduction in the cross section of res-
onator neck passage 29 in resonator neck 30. This pro-
vides advantage, especially, upon setting the resonance
frequency to low frequency.

[0038] Resonator neck walls 28, 28 disposed within
space 26 between the outer surface of second intake
manifold body member 13 and resonator body member
14 are exposed to a uniform pressure from both a side
of resonator volume chamber 31 and a side of resonator
neck passage 29. On the other hand, peripheral side wall
24 of resonator body member 14 which is connected with
the outer surface of intake manifold body 15 is exposed
to atmospheric pressure from the outside of resonator 6
and also exposed to a pressure within space 26 which
is different from the outside atmospheric pressure, from
the inside of resonator 6. Therefore, peripheral side wall
24 of resonator body member 14 undergoes a stress larg-
er than that acts on resonator neck walls 28, 28 due to
the differential pressure. That is, the stress that acts on
resonator neck walls 28, 28 is smaller than the stress
that acts on peripheral side wall 24 of resonator body
member 14. Accordingly, the stress that acts on the first
connection portion of resonator neck walls 28, 28 which
is formed by vibration welding becomes smaller than the
stress that acts on the second connecting portion be-
tween the outer surface of second intake manifold body
member 13 and peripheral side wall 24 of resonator body
member 14 which is formed by vibration welding.
[0039] For the above-explained reason, the width of
the first connecting portion between fifth projection 35 of
rib 33 and grooved portion 34 of rib 32 can be smaller
than the width of the second connecting portion between
third projection 23 of second intake manifold body mem-
ber 13 and fourth projection 25 of resonator body member
14. That s, the first connecting portion of respective res-
onator neck walls 28, 28 which is to be formed by vibration
welding can be reduced in size as compared to the sec-
ond connecting portion. Further, since a pressure or load
that is required for holding rib 32 of second intake man-
ifold body member 13 and rib 33 of resonator body mem-
ber 14 in contact with each other when subjecting rib 32
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and rib 33 to vibration welding can be lessened by the
shape rigidity of resonator body member 14 and the outer
surface of intake manifold body 15, it is not necessary to
hold resonator body member 14 and intake manifold
body 15 by a welding jig. Further, a welding flange that
is required to use the welding jig can be omitted from
resonator body member 14 and intake manifold body 15.
This serves for reducing the weight of intake manifold
body 1 andimproving freedom in molding design of intake
manifold 1. Further, owing to omission of the welding
flange, the volume of resonator volume chamber 31 can
be increased and a resonator having a lower frequency
can be formed.

[0040] Further, resonator neck 30 and resonator vol-
ume chamber 31 of resonator 6 are formed by utilizing
the outer surface of intake manifold body 15 in cooper-
ation with resonator body member 14. That is, second
intake manifold body member 13 forms the bottom wall
and the peripheral side wall of resonator 6 in cooperation
with resonator body member 14. This serves for reducing
a wall that forms resonator 6 and thereby enhancing re-
duction in size and weight of intake manifold 1 as a whole.
[0041] Furthermore, in the first embodiment, the wave-
shaped outer surface of intake manifold body 15 is cov-
ered with resonator body member 14 that has a relatively
flat outer surface. Accordingly, the appearance of intake
manifold 1 can be improved as well as the appearance
of an engine room.

[0042] Referring to FIG. 7, a second embodiment of
the intake manifold of the present invention will be ex-
plained hereinafter. The second embodiment differs from
the first embodiment in that partition walls 42 and 43 are
provided within resonator neck 30 of intake manifold 41.
Like reference numerals denote like parts and therefore
detailed explanations therefor are omitted.

[0043] AsshowninFIG. 7, resonator neck 30 includes
partition wall 42 that extends from second intake manifold
body member 13 as viewed on a lower side in FIG. 7
toward resonator body member 14 as viewed on an upper
side in FIG. 7, and partition wall 43 that extends from
resonator body member 14 toward second intake mani-
fold body member 13. Partition wall 42 is disposed adja-
cent to communication hole 27 on a side of the one end
of resonator neck passage 29 and extends from the outer
surface of second intake manifold body member 13 to-
ward the inside surface of resonator body member 14.
Partition wall 42 is inclined toward the other end of res-
onator neck passage 29. Partition wall 43 is located in a
position displaced from partition wall 42 toward the other
end of resonator neck passage 29 in the longitudinal di-
rection of resonator neck passage 29. Partition wall 43
extends from the inside surface of resonator body mem-
ber 14 toward the outer surface of second intake manifold
body member 13.

[0044] These partition walls 42 and 43 are arranged
to allow resonator neck passage 29 to meander within
resonator neck 30 such that resonator neck passage 29
has a length longer than a length of resonator neck 30.
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In this embodiment, the intake air flow flowing and pass-
ing through resonator neck passage 29 within resonator
neck 30 meanders as indicated by broken line P in FIG.
7. In other words, partition walls 42 and 43 cooperate
with each other to provide a so-called labyrinth structure
of resonator neck passage 29.

[0045] In the Helmholtz resonator, it is necessary to
downsize the resonator volume chamber in order to sta-
bilize the pressure within the intake manifold at an early
stage. Itis also necessary to reduce the cross section of
the resonator neck in order to avoid deterioration in dis-
tribution of intake air in the intake manifold. Therefore,
generally, tuning of resonance frequency of the Helm-
holtz resonator is conducted by increasing the length of
the resonator neck, i.e., the length of the resonator neck
passage provided within the resonator neck. The in-
creased length of the resonator neck causes a compli-
cated layout and construction of the resonator.

[0046] However,inthe second embodiment, the length
of resonator neck passage 29 within resonator neck 30
can be increased without changing the length of resona-
tor neck 30. Accordingly, itis possible to design resonator
neck 30 depending on resonance frequency without
causing a relatively complicated layout and construction
of resonator 6 and provide resonator 6 with a compact
size. As a result, freedom of design of resonator 6 and
intake manifold 41 can be enhanced.

[0047] The number of the partition walls that are pro-
vided on second intake manifold body member 13 and
resonator body member 14, respectively, are not limited
only to that in the second embodiment. Second intake
manifold body member 13 and resonator body member
14 may be provided with a plurality of the partition walls,
respectively. In such a case, the partition walls should
be alternately arranged on the side of second intake man-
ifold body member 13 and on the side of resonator body
member 14. The total number of the partition walls may
be an even number or an odd number if a meandering
flow of intake air is produced within resonator neck pas-
sage 29. Further, only one partition wall may be provided
on either one of second intake manifold body member
13 and resonator body member 14 within resonator neck
30.

[0048] Further, a length of a predetermined region of
resonator neck passage 29 in which an S-shaped me-
andering flow is produced can be increased to a maxi-
mum by controlling a substantial cross section of the pre-
determined region of resonator neck passage 29 to a
constant value, so that a whole length of resonator neck
passage 29 within resonator neck 30 can be increased
to a maximum. Here, the predetermined region of reso-
nator neck passage 29 is a portion of resonator neck
passage 29 which extends from communication hole 27
to clearance A defined between a tip end of partition wall
43 and the outer surface of second intake manifold body
member 13. The substantial cross section of the prede-
termined region is a remainder of an actual cross section
of resonator neck passage 29 which is formed by exclud-
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ing a portion as a so-called dead space where there is
generated substantially no flow of fluid such as air when
the fluid passes through the predetermined region, from
the actual cross section.

[0049] Referring to FIG. 8 and FIG. 9, a third embod-
iment of the intake manifold of the present invention will
be explained hereinafter. The third embodiment differs
from the first embodiment in that resonator neck 30 and
resonator neck passage 29 are disposed on not central
branch 3 but side branch 2. As shown in FIG. 8, in intake
manifold 51, resonator neck 30 and resonator neck pas-
sage 29 within resonator neck 30 is located on branch 2
and extends along branch 2. Specifically, rib 32 with
grooved portion 34 extends from an outer surface of
branch half 2B of second intake manifold body member
13 in the longitudinal direction of branch half 2B and ex-
tends toward the inside surface of the top wall of reso-
nator body member 14. On the other hand, as shown in
FIG. 9, rib 33 with fifth projection 35 extends from the
inside surface of the top wall of resonator body member
14. Rib 33 extends toward the outer surface of second
intake manifold body member 13 so as to correspond to
rib 32. Rib 32 and rib 33 are connected with each other
to form resonator neck wall 28 by joining fifth projection
35 of rib 33 with bottom 34a of grooved portion 34 of rib
32 by vibration welding as explained in the first embod-
iment. Resonator neck 30 includes resonator neck wall
28 and a wall that is formed by third projection 23 of sec-
ond intake manifold body member 13 and fourth projec-
tion 25 of the peripheral side wall 24 of resonator body
member 14. Resonator neck passage 29 is formed be-
tween resonator neck wall 28 and the wall that is formed
by third projection 23 and fourth projection 25. The wall
formed by third projection 23 and fourth projection 25
serves as one of the pair of resonator neck walls 28, 28
in intake manifold 1 of the first embodiment. That is, in
intake manifold 51 of this embodiment, one of the pair of
resonator neck walls 28, 28 in intake manifold 1 of the
first embodiment is omitted.

[0050] With the above construction of intake manifold
51 of the third embodiment, the production cost and the
weight of intake manifold 51 can be reduced.

[0051] Thisapplicationisbased on prior Japanese Pat-
ent Application No. 2007-169867 filed on June 28, 2007,
the entire content of which is hereby incorporated by ref-
erence.

[0052] Although the invention has been described
above by reference to certain embodiments of the inven-
tion, the invention is not limited to the embodiments de-
scribed above. Modifications and variations of the em-
bodiments described above will occur to those skilled in
the art in light of the above teachings. The scope of the
invention is defined with reference to the following claims.

Claims

1. An intake manifold for an internal combustion en-
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gine, the intake manifold comprising:

an intake manifold body (15) including a collec-
tor (5) and a plurality of branches (2, 3, 4) which
are connected to the collector in parallel to each
other and joined with each other through a con-
necting wall (7, 8) between the adjacent branch-
es, the branches being adapted to distribute in-
take air to cylinders of the engine; and
aresonator (6) including a resonator body mem-
ber (14) that is fixed onto an outer surface of the
intake manifold body, the resonator body mem-
ber cooperating with the outer surface of the in-
take manifold body to define a space (26) inside
the resonator (6),

wherein the outer surface of the intake manifold
body (15) is formed into a wave shape that in-
cludes a crest formed at each of the branches
and a valley formed at the connecting wall,
wherein each of the branches (2, 3, 4) defines
a branch passage therein and has a thickness
larger than that of the connecting wall,

wherein the resonator (6) includes a resonator
neck (30) and a resonator volume chamber (31)
within the space (26), the resonator volume
chamber being communicated with the collector
(5) through the resonator neck, characterised
in that

the resonator neck (30) has a resonator neck
passage (29) formed between a pair of resona-
tor neck walls (28) which are opposed to each
other and connected with the resonator body
member (14) and the outer surface of the intake
manifold body (15), and the resonator neck is
disposed above one of the branches and ex-
tends along the one of the branches.

The intake manifold as claimed in claim 1, wherein
the resonator neck (30) comprises a partition wall
(42, 43) that allows the resonator neck passage (29)
to meander in the resonator neck such that the res-
onator neck passage has a length longer than that
of the resonator neck.

The intake manifold as claimed in claim 1 or 2, where-
in the intake manifold body (15) comprises a rib (32)
that projects from the outer surface of the intake man-
ifold body toward an inside surface of the resonator
body member, the resonator body member (14) com-
prises a further rib (33) that projects from the inside
surface of the resonator body member toward the
outer surface of the intake manifold body and a pe-
ripheral side wall (24) that extends along an outer
peripheral edge of the resonator body member to-
ward the outer surface of the intake manifold body,
and each of the resonator neck walls (28) includes
a first connecting portion at which the rib (32) of the
intake manifold body (15) and the further rib (33) of

10

15

20

25

30

35

40

45

50

55

10.

the resonator body member (14) are joined with each
other, wherein the first connecting portion is smaller
in width that extends in a direction crossing the
branches than a second connecting portion at which
the peripheral side wall (24) of the resonator body
member and the outer surface of the intake manifold
body are joined with each other.

The intake manifold as claimed in one of claims 1 to
3, whereinthe resonator (6) is a Helmholtz resonator.

The intake manifold as claimed in one of claims 1 to
4, wherein the first connecting portion and the sec-
ond connecting portion are formed by vibration weld-

ing.

The intake manifold as claimed in claim 1, wherein
the resonator neck passage (29) has one end com-
municated with an inside space of collector (5)
through a communication hole (27) that extends
through the intake manifold body member (15), and
the other end opened into the resonator volume
chamber (31).

The intake manifold as claimed in claim 3, wherein
the rib (32) of the intake manifold body (15) compris-
es a grooved portion (34) and the further rib (33) of
the resonator body member (14) comprises a pro-
jection (35) that is engaged with the grooved portion
and connected with the grooved portion, the grooved
portion (34) and the projection (35) being disposed
at the first connecting portion.

The intake manifold as claimed in claim 3, wherein
the intake manifold body comprises a projection (23)
that projects from the outer surface of the intake man-
ifold body and the resonator body member compris-
es a further projection (25) that projects from the pe-
ripheral side wall and is connected with the projection
(23) of the intake manifold body, the projection (23)
of the intake manifold body and the further projection
(25) of the peripheral side wall (24) of the resonator
body member being disposed at the second con-
necting portion.

The intake manifold as claimed in claim 8, wherein
the intake manifold body comprises a support wall
(13a) for supporting the resonator body member, the
support wall extending from the outer surface of the
intake manifold body toward the peripheral side wall
(24) of the resonator body member, the projection
(23) of the intake manifold body projecting from an
end of the support wall.

The intake manifold as claimed in one of claims 1 to
9, wherein the intake manifold body (15) comprises
a first intake manifold body member (12) and a sec-
ond intake manifold body member (13) which are
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joined with each other on a joint plane extending
along a curved profile of the branches (2, 3, 4).

Patentanspriiche

Ansaugkriimmer fiir einen Verbrennungsmotor, wo-
bei der Ansaugkrimmer umfasst:

einen Ansaugkrimmerkorper (15), der einen
Sammler (5) und eine Vielzahl von Verzweigun-
gen (2, 3, 4) enthalt, die parallel zueinander mit
dem Sammler verbunden sind und Uber eine
Verbindungswand (7, 8) zwischen den benach-
barten Verzweigungen miteinander verbunden
sind, wobei die Verzweigungen so eingerichtet
sind, dass sie Ansaugluft auf Zylinder des Mo-
tors verteilen; und

einen Resonator (6), der ein Resonator-Kdrper-
element (14) enthalt, das an einer Aul3enflache
des Ansaugkriimmer-Korpers befestigt ist, wo-
bei das Resonator-Kérperelement mit der Au-
Renflache des Ansaugkrimmer-Korpers zu-
sammenwirkt und einen Raum (26) im Inneren
des Resonators (6) begrenzt,

wobei die AuRenflache des Ansaugkrimmer-
Korpers (15) in einer Wellenform ausgebildetist,
die einen Berg, der an jeder der Verzweigungen
ausgebildet ist, und ein Tal enthéalt, das an der
Verbindungswand ausgebildet ist,

wobei jede der Verzweigungen (2, 3, 4) einen
Verzweigungsdurchlass darin aufweist und eine
Dicke hat, die gréReristals die der Verbindungs-
wand,

wobei der Resonator (6) einen Resonator-Hals
(30) sowie eine Resonator-Volumenkammer
(31) innerhalb des Raums (26) enthalt und die
Resonator-Volumenkammer mit dem Sammler
(5) Uber den Resonator-Hals in Verbindung
steht, dadurch gekennzeichnet, dass

der Resonator-Hals (30) einen Resonator-Hals-
durchlass (29) aufweist, der zwischen einem
Paar Resonator-Halswanden (28) ausgebildet
ist, die einander gegenulberliegende und mit
dem Resonator-Koérperelement (14) sowie der
AuBenflache des Ansaugkriimmer-Koérpers (15)
verbunden sind, und der Resonator-Hals ober-
halb einer der Verzweigungen angeordnet ist
und an einer der Verzweigungen entlang ver-
lauft.

Ansaugkrimmer nach Anspruch 1, wobei der Reso-
nator-Hals (30) eine Trennwand (42, 43) umfasst,
die zulasst, dass der Resonator-Halsdurchlass (29)
maanderférmig in dem Resonator-Hals verlauft, so
dass der Resonator-Halsdurchlass eine Lange hat,
die langer ist als die des Resonator-Halses.
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3.

Ansaugkrimmer nach Anspruch 1 oder 2, wobei der
Ansaugkriimmer-Koérper eine Rippe (32) umfasst,
die von der AuRenflache des Ansaugkrimmer-Kor-
pers zu einer Innenflache des Resonator-Kérperele-
mentes vorsteht, das Resonator-Kérperelement
(14) eine weitere Rippe (33), die von der Innenflache
des Resonator-Kérperelementes zu der AuRenfla-
che des Ansaugkrimmer-Kérpers hin vorsteht, so-
wie eine Umfangsseitenwand (24) umfasst, die an
einem AuRenumfangsrand des Resonator-Korper-
elementes entlang zu der AuRenflache des Ansaug-
krimmer-Koérpers hin verlauft, und jede der Reso-
nator-Halswéande (28) einen ersten Verbindungsab-
schnitt enthalt, an dem die Rippe (32) des Ansaug-
krimmer-Koérpers (15) und die weitere Rippe (33)
des Resonator-Kdrperelementes (14) miteinander
verbunden sind, wobei der erste Verbindungsab-
schnitt eine geringere Breite, die sich einer Richtung
erstreckt, die die Verzweigungen schneidet, hat als
ein zweiter Verbindungsabschnitt, an dem die Um-
fangsseitenwand (24) des Resonator-Korperele-
mentes und die AulRenflache des Ansaugkrimmer-
Korpers miteinander verbunden sind.

Ansaugkriimmer nach einem der Anspriche 1 bis 3,
wobei der Resonator (6) ein Helmholtz-Resonator
ist..

Ansaugkrimmer nach einem der Anspriiche 1 bis 4,
wobei der erste Verbindungsabschnitt und der zwei-
te Verbindungsabschnitt durch Vibrationsschwei-
Ren ausgebildet werden.

Ansaugkrimmer nach Anspruch 1, wobei ein Ende
des Resonator-Halsdurchlasses (29) mit einem In-
nenraum des Sammlers (5) Uber ein Verbindungs-
loch (27) in Verbindung steht, das durch das Ansaug-
kriimmer-Kérperelement (15) hindurch verlauft, und
sich das andere Ende in die Resonator-Volumen-
kammer (31) hinein 6ffnet.

Ansaugkriimmer nach Anspruch 3, wobei die Rippe
(32) des Ansaugkriimmer-Kdrpers (15) einen einge-
kerbten Abschnitt (34) umfasst und die weitere Rippe
(33) des Resonator-Kérperetementes (14) einen
Vorsprung (35) umfasst, der mit dem eingekerbten
Abschnitt in Eingriff und mit dem eingekerbten Ab-
schnitt verbunden ist, und der eingekerbte Abschnitt
(34) sowie der Vorsprung (35) an dem ersten Ver-
bindungsabschnitt angeordnet sind.

Ansaugkriimmer nach Anspruch 3, wobei der An-
saugkrimmer-Kérper einen Vorsprung (23) um-
fasst, der von der AuRenflache des Ansaugkriim-
mer-Korpers vorsteht, und das Resonator-Korper-
element einen weiteren Vorsprung (25) umfasst, der
von der Umfangsseitenwand vorsteht und mit dem
Vorsprung (23) des Ansaugkrimmer-Korpers ver-
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bunden ist, und der Vorsprung (23) des Ansaug-
krimmer-Koérpers sowie der weitere Vorsprung (25)
der Umfangsseitenwand (24) des Resonator-Kor-
perelementes an dem zweiten Verbindungsab-
schnitt angeordnet sind.

Ansaugkrimmer nach Anspruch 8, wobei der An-
saugkrimmer-Korper eine Stutzwand (13a) um-
fasst, die das Resonator-Kérperelement stiitzt, sich
die Stitzwand von der AuRenflache des Ansaug-
krimmer-Korpers auf die Umfangsseitenwand (24)
des Resonator-Kérperelementes zu erstreckt und
der Vorsprung (23) des Ansaugkrimmer-Korpers
von einem Ende der Stutzwand vorsteht.

Ansaugkrimmer nach einem der Anspriiche 1 bis 9,
wobei der Ansaugkrimmer-Korper (15) ein erstes
Ansaugkrimmer-Kérperelement (12) und ein zwei-
tes Ansaugkrimmer-Kdrperelement (13) umfasst,
die an einer Verbindungsebene miteinander verbun-
den sind, die sich entlang eines gekrimmten Profils
der Verzweigungen (2, 3, 4) erstreckt.

Revendications

1.

Collecteur d’admission pour un moteur a combustion
interne, le collecteur d’admission comprenant :

un corps de collecteur d’admission (15) incluant
un collecteur (5) et plusieurs branches (2, 3, 4)
qui sont reliées au collecteur en parallele les
unes aux autres et jointes les unes aux autres
par 'intermédiaire d’'une paroi de connexion (7,
8) entre les branches adjacentes, les branches
étant congues pour distribuer de I'air d’admissi-
on aux cylindres du moteur ; et

un résonateur (6) incluant un élément de corps
de résonateur (14) qui est fixé sur une surface
extérieure du corps de collecteur d’admission,
'élément de corps de résonateur coopérant
avec la surface extérieure du corps de collecteur
d’admission pour définir un espace (26) a l'inté-
rieur du résonateur (6),

dans lequel la surface extérieure du corps de
collecteur d’admission (15) est formée en une
forme d’ondulation qui inclut une créte formée
au niveau de chacune des branches et une val-
Iée formée au niveau de la paroi de connexion,
dans lequel chacune des branches (2, 3, 4) dé-
finit un passage de branche en son sein et pos-
séde une épaisseur plus grande que celle de la
paroi de connexion,

dans lequel le résonateur (6) inclut un collet de
résonateur (30) et une chambre de volume de
résonateur (31) a l'intérieur de I'espace (26), la
chambre de volume de résonateur communi-
quant avec le collecteur (5) par l'intermédiaire
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10

du collet de résonateur, caractérisé en ce que
le collet de résonateur (30) a un passage de
collet de résonateur (29) formé entre un couple
de parois de collet de résonateur (28) qui sont
opposées l'une a l'autre et reliées a I'élément
de corps de résonateur (14) et a la surface ex-
térieure du corps de collecteur d’admission (15),
et le collet de résonateur est disposé au-dessus
d’'une des branches ets’étend le long de celle-ci.

Collecteur d’admission selon la revendication 1,
dans lequel le collet de résonateur (30) comprend
une paroi de séparation (42, 43) qui permet au pas-
sage de collet de résonateur (29) de serpenter dans
le collet de résonateur de sorte que le passage de
collet de résonateur posséde une longueur plus
grande que celle du collet de résonateur.

Collecteur d’admission selon la revendication 1 ou
2, dans lequelle corps de collecteur d’admission (15)
comprend une nervure (32) qui dépasse de la sur-
face extérieure du corps de collecteur d’admission
vers une surface intérieure de I'élément de corps de
résonateur, I'élément de corps de résonateur (14)
comprend une nervure supplémentaire (33) qui dé-
passe de la surface intérieure de I'élément de corps
de résonateur vers la surface extérieure du corps de
collecteur d’admission et une paroi latérale périphé-
rique (24) qui s’étend le long d’un bord périphérique
extérieur de I'élément de corps de résonateur vers
la surface extérieure du corps de collecteur d’admis-
sion, et chacune des parois de collet de résonateur
(28) inclut une premiére partie de connexion au ni-
veau de laquelle la nervure (32) du corps de collec-
teur d’admission (15) et la nervure supplémentaire
(33) de I'élément de corps de résonateur (14) sont
jointes l'une a l'autre, dans lequel la premiére partie
de connexion est plus petite dans une largeur qui
s’étend dans une direction croisant les branches
qu’une seconde partie de connexion au niveau de
laquelle la paroi latérale périphérique (24) de I'élé-
ment de corps de résonateur et la surface extérieure
du corps de collecteur d’admission sont jointes I'une
a l'autre.

Collecteur d’admission selon I'une des revendica-
tions 1 a 3, dans lequel le résonateur (6) est un ré-
sonateur de Helmholtz.

Collecteur d’admission selon I'une des revendica-
tions 1 a 4, dans lequel la premiére partie de con-
nexion et la seconde partie de connexion sont for-
mées par soudage par vibration.

Collecteur d’admission selon la revendication 1,
dans lequel le passage de collet de résonateur (29)
présente une extrémité communiquant avec un es-
pace intérieur de collecteur (5) par l'intermédiaire
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d’un orifice de communication (27) qui s’étend a tra-
vers I'élément de corps de collecteur d’admission
(15), et 'autre extrémité étant ouverte dans la cham-
bre de volume de résonateur (31).

Collecteur d’admission selon la revendication 3,
dans lequel la nervure (32) du corps de collecteur
d’admission (15) comprend une partie cannelée (34)
et la nervure supplémentaire (33) de I'élément de
corps de résonateur (14) comprend une partie en
saillie (35) qui est en prise avec la partie cannelée
et reliée a la partie cannelée, la partie cannelée (34)
et la partie en saillie (35) étant disposées au niveau
de la premiére partie de connexion.

Collecteur d’admission selon la revendication 3,
dans lequel le corps de collecteur d’admission com-
prend une partie en saillie (23) qui dépasse de la
surface extérieure du corps de collecteur d’admissi-
on et 'élément de corps de résonateur comprend
une partie en saillie supplémentaire (25) qui dépasse
de la paroi latérale périphérique et est reliée a la
partie en saillie (23) du corps de collecteur d’admis-
sion, la partie en saillie (23) du corps de collecteur
d’admission et la partie en saillie supplémentaire
(25) de la paroi latérale périphérique (24) de I'élé-
ment de corps de résonateur étant disposées au ni-
veau de la seconde partie de connexion.

Collecteur d’admission selon la revendication 8,
dans lequel le corps de collecteur d’admission com-
prend une paroi de support (13a) pour supporter
I’élément de corps de résonateur, la paroi de support
s’étendant depuis la surface extérieure du corps de
collecteur d’'admission vers la paroi latérale périphé-
rique (24) de I'élément de corps de résonateur, la
partie en saillie (23) du corps de collecteur d’admis-
sion dépassant d’'une extrémité de la paroi de sup-
port.

Collecteur d’admission selon I'une des revendica-
tions 1 a 9, dans lequel le corps de collecteur d’ad-
mission (15) comprend un premier élément de corps
de collecteur d’admission (12) et un second élément
de corps de collecteur d’admission (13) qui sont
joints I'un a I'autre sur un plan commun s’étendant
le long d’un profil incurvé des branches (2, 3, 4).
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