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Description

[0001] The present invention is concerned generally
with improvements in or relating to vehicle noise. Em-
bodiments of the invention relate particularly, but not ex-
clusively, to a type of device forimproving the sound qual-
ity of a suction noise generated by an intake system of
an automobile or the like. Aspects of the invention relate
to an apparatus, to a device, to a method, to an engine
and to a vehicle.

[0002] Japanese Patent No. 3613665 describes a
known device that boosts suction noise. The device de-
scribed therein is for amplifying suction noise and has
plural intake ducts having resonance frequencies that
are different from each other, so thatitis possible to boost
the suction noise at different frequencies, and permits
introduction of suction noise into the vehicle passenger
compartment.

[0003] However, the device for amplifying suction
noise described in Japanese Patent No. 3613665 has
some disadvantages. First, because the device is con-
stituted with plural intake ducts, there is no leeway in the
space required inside the engine compartment. Thus,
there are restrictions on the layout, and the device is dif-
ficult to install in the engine compartment.

[0004] Itis anaim of the invention to address this issue
and to improve upon known technology. Embodiments
of the invention may boost the suction noise of a vehicle
characterized by the fact that resonance of an elastic
membrane, due to variation in pressure of air transmitted
into an engine intake port, is allowed to occur at least two
different frequencies. Other aims and advantages of the
invention will become apparent from the following de-
scription, claims and drawings.

[0005] Aspects of the invention therefore comprise an
apparatus, a method, an engine and a vehicle as claimed
in the appended claims.

[0006] According to another aspect of the invention
there is provided a method for amplifying the suction
noise of a vehicle, comprising passing variations in air
pressure transmitted into an engine intake port through
a pipe that is connected to an engine and vibrating the
elastic member at least at two different frequencies.
[0007] According to a further aspect of the invention
there is provided a device for amplifying the suction noise
of a vehicle, comprising an intake duct for feeding air to
an engine intake port, a connecting pipe connected to an
interior of the intake duct and a composite membrane
positioned within the connecting pipe, wherein the com-
posite membrane blocks an interior passage formed in
the connecting pipe, wherein the composite membrane
includes at least two elastic membranes with one of
masses and rigidities that differ from each other.

[0008] Inanembodiment, the atleast two elastic mem-
branes have different areas from each other.

[0009] In an embodiment, at least two elastic mem-
branes are made of materials having one of different
moduli and densities from each other.
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[0010] Inanembodiment, the atleast two elastic mem-
branes have different thicknesses from each other.
[0011] In an embodiment, the composite membrane
further comprises a rigidity changing portion formed be-
tween the atleast two elastic membranes, with the rigidity
of the rigidity changing portion being different from that
of the at least two elastic membranes.

[0012] Inanembodiment, the rigidity changing portion
is one of a convex portion and concave portion formed
on a surface of the composite membrane.

[0013] Inan embodiment, the rigidity changing portion
further comprises a core member with a rigidity higher
than that of the elastic membranes.

[0014] Inanembodiment, the rigidity changing portion
further comprises at least an annular rigidity changing
portion of one of a generally circular or elliptical shape
and arranged inward of an outer periphery of the com-
posite membrane and radial rigidity changing portions
that extend from the annular rigidity changing portion to
the outer periphery of the composite membrane, and
which divide the region between the portion surrounded
by the annular rigidity changing portion and the outer
periphery of the composite membrane into at least two
portions.

[0015] According toyetanother aspect of the invention
there is provided a device for amplifying the suction noise
of a vehicle, comprising an intake means for feeding air
to an engine intake port, a pipe means fluidly connected
to the intake means and a composite membrane means
positioned within the pipe means, wherein the composite
membrane means blocks an interior passage formed in
the pipe means, wherein the composite membrane
means includes at least two elastic membranes with one
of masses and rigidities that differ from each other.
[0016] Forexample, adevice foramplifying the suction
noise of a vehicle may comprise an intake duct, a con-
necting pipe and a composite membrane. The intake duct
is for feeding air to an engine intake port. A connecting
pipe is connected to an interior of the intake duct. The
composite membrane is positioned within the connecting
pipe. The composite member blocks an interior passage
formed in the connecting pipe. The composite member
further includes at least two elastic membranes with one
of masses and rigidities that different from each other.
[0017] Inembodiments of the invention, it may be pos-
sible to boost suction noise at plural frequencies without
the need of plural intake ducts so as to generate impres-
sive suction noise and at the same time to improve the
freedom of design layout.

[0018] Within the scope of this application it is envis-
aged that the various aspects, embodiments, examples,
features and alternatives set out in the preceding para-
graphs, in the claims and/or in the following description
may be taken individually or in any combination thereof.
[0019] The presentinvention will now be described, by
way of example only, with reference to the accompanying
drawings in which:
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Figure 1A is a side elevational view of a vehicle
equipped with a device for amplifying a suction noise
of a vehicle;

Figure 1 B is a top plan view of the vehicle of Figure
1A;

Figure 1C is a front elevational view of the vehicle
of Figure 1A;

Figure 2 is a diagram illustrating the structure of the
device for amplifying suction noise according to a
first embodiment;

Figure 3is adiagramillustratingin detail the structure
of a composite membrane;

Figure 4 is a diagram illustrating a vibration state of
each elastic membrane in an out-of-plane direction
of the composite membrane during a first accelera-
tion mode;

Figure 5 is a diagram illustrating a vibration state of
each elastic membrane in the out-of-plane direction
of the composite membrane during a second accel-
eration mode;

Figure 6 is a diagram illustrating the vibration state
of each elastic membrane in an out-of-plane direc-
tion of the composite membrane during a third ac-
celeration mode;

Figure 7 is a diagram illustrating the structure of a
composite membrane of the device for amplifying
the suction noise of a vehicle in a second embodi-
ment;

Figure 8 is a diagramillustrating the structure a com-
posite membrane of the device for amplifying the
suction noise of a vehicle in a third embodiment;

Figure 9 is a cross section of the composite mem-
brane taken across X-Y in Figure 8;

Figures 10A-10C are diagrams illustrating modified
examples of the composite membrane of the device
for amplifying the suction noise of a vehicle in the
third embodiment;

Figure 11A-11D are diagrams illustrating modified
examples of the composite membrane of the device
for amplifying the suction noise of a vehicle in the
third embodiment;

Figure 12 is a diagram illustrating the structure of the
composite membrane of the device for amplifying
the suction noise of a vehicle in a forth embodiment;
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Figure 13 is a cross section of the composite mem-
brane taken across Y-Y in Figure 12;

Figures 14A-14C are diagrams illustrating modified
examples of the composite membrane of the device
for amplifying the suction noise of a vehicle the fourth
embodiment;

Figures 15A-15D are diagrams illustrating modified
examples of the composite membrane of the device
for amplifying the suction noise of a vehicle in the
fourth embodiment; and

Figure 16 is a diagram illustrating the structure of a
composite membrane for the device for amplifying
the suction noise of a vehicle in a fifth embodiment.

[0020] While the claims are not limited to the illustrated
embodiments, an appreciation of various aspects of the
apparatus is best gained through a discussion of various
examples thereof. Referring now to the drawings, illus-
trative embodiments are shown in detail. Although the
drawings represent the embodiments, the drawings are
not necessarily to scale and certain features may be ex-
aggerated to better illustrate and explain an innovative
aspect of an embodiment. Further, the embodiments de-
scribed herein are not intended to be exhaustive or oth-
erwise limiting or restricting to the precise form and con-
figuration shown in the drawings and disclosed in the
following detailed description.

[0021] Figures 1A-1C includes diagrams illustrating a
vehicle C carrying a device 1 for amplifying suction noise
according to a first embodiment. Figure 1A is a side view
of a vehicle C. Figure 1 B is a top view of vehicle C. And
Figure 1C is a front view of vehicle C.

[0022] As can be seen from Figure 1, device 1 that
boosts suction noise in the first embodiment is arranged
in front of a vehicle passenger compartment 2. Indeed,
device 1 is arranged in an engine compartment 6 that is
separated from vehicle passenger compartment 2 by a
dash panel 4. Further, device 1 is arranged on an intake
duct 10 that is connected to an engine 8.

[0023] The resonant vibration of air in intake duct 10
takes placein airintake duct 10. When resonance occurs,
pressure variations develop in air in intake duct 10, and
these pressure variations in the air are perceived by hu-
mans as noise. The noise accompanying intake is called
suction noise. The frequency of the suction noise de-
pends on the frequency of the pressure variations gen-
erated due to the resonance phenomenon. The frequen-
cy of the pressure variation that takes place due to the
resonance phenomenon is determined by the resonance
frequency, which depends on the length of the intake
duct, etc.

[0024] Figure 2 is a diagram illustrating the structure
of device 1 that amplifies the suction noise in the first
embodiment. As shown in Figure 2, device 1 that ampli-
fies the suction noise in the first embodiment comprises
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a connecting pipe 12, an additional pipe 14, and a com-
posite membrane 16 (represented by dashed linesin Fig-
ure 2).

[0025] In the embodiment shown, connecting pipe 12
is generally cylindrical, and is attached to an outer pe-
ripheral surface of intake duct 10, which may be formed
of a draft tube with air inside it. Connecting pipe 12 com-
municates with intake duct 10.

[0026] Similar to connecting pipe 12, additional pipe
14 may also be generally cylindrical. A first opening at
one end of additional pipe 14 is connected to connecting
pipe 12, and a second opening at the other end of addi-
tional pipe 14 opens to external air.

[0027] Composite membrane 16 is generally disk-
shaped and may be made of, for example, rubber or an-
other elastic material. Composite member 16 is attached
on an inner peripheral surface of connecting pipe 12 and
extends across an interior of connecting pipe 12 so as
to close connecting pipe 12. Composite membrane 16
undergoes elastic deformation during intake by engine
8, corresponding to variation in an intake vacuum gen-
erated in air inside intake duct 10, so that vibration of
composite membrane 16 occurs in an out-of-plane direc-
tion. The detailed structure of composite membrane 16
will be explained later.

[0028] The structure of intake duct 10 and the parts
related to thereto will now be explained.

[0029] Intake duct 10 forms an intake path from the
external air to engine 8, and is comprised of a dust side
intake duct 20 and a clean side intake duct 18.

[0030] A first opening at one end of dust side intake
duct 20 is connected to an air cleaner 22, and a second
opening at the other end of dust side intake duct 20 opens
to the external air.

[0031] Clean side intake duct 18 includes a throttle
chamber 24. A first opening at one end of clean side
intake duct 18 is connected to air cleaner 22, and a sec-
ond opening at the other end of clean side intake duct
18 is connected via a surge tank 26 to various portions
of an intake manifold 28 to the various cylinders (not
shown in the figure) of engine 8.

[0032] For example, air cleaner 22 includes an oiled
filter or other filter part for cleaning air flowing from the
second opening at one end of dust side intake duct 10
as it passes through the filter portion.

[0033] Throttle chamber 24 is installed between air
cleaner 22 and surge tank 26, and is connected to an
accelerator pedal (not shown in the figure). Throttle
chamber 24 adjusts the airflow rate from air cleaner 22
to surge tank 26 corresponding to the amount of accel-
erator pedal depression. When the amount of accelerator
pedal depression is reduced, the airflow rate from air
cleaner 22 to surge tank 26 is decreased, so that the
rotational velocity of engine 8 falls, and at the same time
the intake vacuum generated in the air inside intake duct
10 is reduced. On the other hand, when the amount of
accelerator pedal depression is increased, the airflow
rate from air cleaner 22 to surge tank 26 is increased, so
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that the rotational velocity of engine 8 rises, and at the
same time, the intake vacuum generated in the air in
intake duct 10 is increased.

[0034] During intake, engine 8 draws air that has
flowed from the opening at the second end of dust side
intake duct 20 and is present inside clean side intake
duct 18 into the various cylinders via surge tank 26 and
intake manifold 28.

[0035] Also, in conjunction with the intake operation,
engine 8 becomes a pressure source that generates in-
take pulsation in the air inside intake duct 10, and this
intake pulsation results in suction noise.

[0036] Here, the intake pulsation that occurs in con-
junction with the intake operation of engine 8 is a pressure
variation generated in the air inside intake duct 10. This
pressure variation is composed of plural pressure varia-
tions at different frequencies. That s, the intake pulsation
that occurs in conjunction with the intake operation of
engine 8 is composed of plural intake pulsations at dif-
ferent frequencies. In the first embodiment, engine 8 is
assumed to be a 6-cylinder in-line engine. However, en-
gine 8 is not limited to this construction.

[0037] Figure 3 is a diagram illustrating the detailed
structure of composite membrane 16.

[0038] Viewed in the thickness direction of composite
membrane 16, as may be seen, composite membrane
16 includes three elastic membranes 30a-30c. Elastic
membranes 30a-30c are separated from each other by
slots 32 formed in the surface on an intake duct side of
composite membrane 16. In the embodiment shown, and
slots 32 are formed in shapes having different areas.
More specifically, area Sa of elastic membrane 30a is
larger than area Sb of elastic membrane 30b, and area
Sb of said elastic membrane 30b is larger than area Sc
of elastic membrane 30c. That is, elastic membranes
30a-30c are formed to satisfy the relationship Sa > Sb >
Sc.

[0039] Here, because elastic membranes 30a-30c
have different areas from each other, their resonance
frequencies for vibration in the out-of-plane direction of
composite membrane 16 are different from each other.
[0040] The resonance frequency is that for vibration at
a prescribed frequency detected when an object is al-
lowed to vibration freely. Any object has a natural reso-
nance frequency. Usually, an object has plural resonance
frequencies. The resonance frequency depends on the
rigidity and mass of the object. More specifically, the high-
er the rigidity, the higher the resonance frequency, while
the larger the mass, the lower the resonance frequency.
Here, rigidity refers to the proportionality coefficient be-
tween a bending or twisting force applied to the structural
body and the deflection of the structural body as a whole.
[0041] Consequently, because elastic membranes
30a-30c have different areas, they differ from each other
in rigidity and mass. As a result, they have different res-
onance frequencies.

[0042] Compared with elastic membrane 30c with a
smaller area, elastic membrane 30a with a larger area
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has a lower resonance frequency for vibration in the out-
of-plane direction. Consequently, for said elastic mem-
branes 30a-30c, assuming the resonance frequency of
elastic membrane 30a to be first resonance frequency
1, the resonance frequency of elastic membrane 30b to
be second resonance frequency 2, and the resonance
frequency of elastic membrane 30c to be third resonance
frequency f3, the following conditional relationship
among them applies: f1 <2 < f3.

[0043] Also, elastic membranes 30a-30c are appropri-
ately formed such that their resonance frequencies cor-
respond to intake pulsation at a first frequency, intake
pulsation at a second frequency and intake pulsation at
a third frequency selected from among the intake pulsa-
tions at plural frequencies that form the intake pulsation
generated in conjunction with the intake operation of en-
gine 8. More specifically, first resonance frequency f1 of
elastic membrane 30a matches the first intake pulsation
frequency, second resonance frequency f2 of elastic
membrane 30b matches the second intake pulsation fre-
quency, and third resonance frequency f3 of elastic mem-
brane 30c matches the third intake pulsation frequency.
[0044] Here, the first frequency is lower than the sec-
ond frequency and the second frequency is lower than
the third frequency. That is, the first frequency, second
frequency and third frequency satisfy the following rela-
tionship: first frequency < second frequency < third fre-
quency.

[0045] Thefirstfrequencyisthefrequency oftheintake
pulsation generated when the engine rotates at a pre-
scribed rotational velocity R1, the second frequency is
the frequency of the intake pulsation generated at a pre-
scribed rotational velocity R2, and the third frequency is
the frequency of the intake pulsation generated at a pre-
scribed rotational velocity R3.

[0046] Here, R1 is a rotational velocity lower than R2
and R2 is a rotational velocity lower than R3. That is,
rotational velocities R1, R2, R3 satisfy the following re-
lationship: R1 < R2 < R3.

[0047] In addition, each of slots 32 is formed between
two adjacent elastic membranes, and they form rigidity
changing portions having different rigidities from those
of elastic membranes 30a-30c.

[0048] The operation of the first embodiment of device
1 that amplifies the suction noise will now be explained.
[0049] When engine 8 is started, the intake pulsation
generated in conjunction with the intake operation of en-
gine 8 is propagated via intake manifold 28 and surge
tank 26 into the air inside intake duct 10 (see Figure 2).
[0050] While engine 8 is running, as the amount of ac-
celerator pedal depression is increased, the airflow rate
from air cleaner 22 to surge tank 26 is increased (here-
inafter to be referred to as acceleration mode). As a re-
sult, while the rotational velocity of engine 8 is increased,
the intake vacuum generated for the air in intake duct 10
rises (see Figure 2).

[0051] In the following, the operation of elastic mem-
branes 30a-30c in the acceleration mode will be ex-
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plained in more detail with reference to Figures 4-6.
[0052] Figures 4-6 are diagrams illustrating the vibra-
tion of elastic membranes 30a-30c in the out-of-plane
direction of the composite membrane 16 during the ac-
celeration mode. Figure 4 is a diagram illustrating the
state when the rotational velocity of the engine is R1;
Figure 5 is a diagram illustrating the state when the ro-
tational velocity of the engine is R2; and Figure 6 is a
diagram illustrating the state when the rotational velocity
of the engine is R3.

[0053] When the rotational velocity of the engineis R1,
among the plural intake pulsations at different frequen-
cies that form the intake pulsation generated in conjunc-
tion with the intake operation of the engine, an intake
pulsation at the first frequency is propagated via connect-
ing pipe 12 to composite membrane 16.

[0054] As illustrated in Figure 4, because in this case
the frequency of the intake pulsation at the first frequency
matches first resonance frequency f1 of elastic mem-
brane 30a, only elastic membrane 30a among the elastic
membranes 30a-30c vibrates in the out-of-plane direc-
tion of composite membrane 16. When elastic membrane
30a vibrates in the out-of-plane direction of composite
membrane 16, it causes pressure variations in the air in
additional pipe 14 on the side of composite membrane
16 that is open to the external air. There, air pressure
variations become noise that is emitted to an external air
side, and the suction noise is thereby amplified.

[0055] When the amount of accelerator pedal depres-
sion is further increased, that is, when the rotational ve-
locity of the engine is at R2, among the plural intake pul-
sations at different frequencies that form the intake pul-
sation in conjunction with the intake operation of the en-
gine, the intake pulsation atthe second frequency is prop-
agated via connecting pipe 12 to composite membrane
16.

[0056] As shown in Figure 5, because in this case the
frequency of the intake pulsation atthe second frequency
matches second resonance frequency 2 of elastic mem-
brane 30b, only elastic membrane 30b among elastic
membranes 30a-30c vibrates in the out-of-plane direc-
tion of composite membrane 16. When elastic membrane
30b vibrates in the out-of-plane direction of composite
membrane 16, it causes pressure variations in the air
between composite membrane 16 and the second open-
ing of additional pipe 14, and said air pressure variations
become noise that is emitted to the external air side, and
the suction noise is thereby amplified.

[0057] When the amount of accelerator pedal depres-
sion is further increased, that is, when the rotational ve-
locity of the engine is at R3, among the plural intake pul-
sations at different frequencies that form the intake pul-
sation in conjunction with the intake operation of the en-
gine, the intake pulsation at the third frequency is prop-
agated via connecting pipe 12 to composite membrane
16.

[0058] As shown in Figure 6, because in this case the
frequency of the intake pulsation at the third frequency
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matches third resonance frequency f3 of elastic mem-
brane 30c, only elastic membrane 30c among elastic
membranes 30a-30c vibrates in the out-of-plane direc-
tion of composite membrane 16. When elastic membrane
30c vibrates in the out-of-plane direction of composite
membrane 16, it causes pressure variations in the air in
additional pipe 14 on the side of composite membrane
16 that is open to the external air, and air pressure var-
iations become noise that is emitted to the external air
side, and therefore the suction noise is amplified.
[0059] Consequently,inthe acceleration mode, elastic
membranes 30a-30c with different resonance frequen-
cies vibrate in the out-of-plane direction of the composite
membrane according to variation in the rotational velocity
of the engine. As a result, the suction noise at the first
frequency, the suction noise at the second frequency and
the suction noise at the third frequency are amplified, and
the amplified suction noise is emitted to the external air
side from the second opening at the additional pipe 14
(see Figure 2).

[0060] When the amplified suction noise is emitted to
the external air side from the second opening of additional
pipe 14, the emitted suction noise is propagated via the
air into vehicle passenger compartment 2 such that an
impressive suction noise is transmitted into vehicle pas-
senger compartment 2 (see Figure 1).

[0061] For device 1 that amplifies the suction noise in
the first embodiment, three elastic membranes 30a-30c
are formed to have different resonance frequencies for
vibration in the out-of-plane direction of composite mem-
brane 16. However, it is understood that the present em-
bodimentis not limited to this scheme. Indeed, a scheme
may also be adopted in which among three elastic mem-
branes 30a-30c, at least two elastic membranes have
resonance frequencies for vibration in the out-of-plane
direction of the composite membrane that are different
from each other.

[0062] Also, for device 1 that amplifies the suction
noise in the first embodiment, three elastic membranes
30a-30c are formed to have different resonance frequen-
cies for vibration in the out-of-plane direction of compos-
ite membrane 16 by virtue of having different areas. The
present embodiment is not limited to this scheme, how-
ever. That is, a scheme may also be adopted in which
three elastic membranes 30a-30c are formed with the
same area, and at the same time, they are formed differ-
ent from each other with respect to rigidity and/or mass,
so that the resonance frequencies for vibration in the out-
of-plane direction of the composite membrane are differ-
ent from each other. Here, to form an elastic membrane
30 having increased rigidity and/or mass, a core member
may be arranged inside it, or a processed mass body for
forming ribs on elastic membrane 30 may be attached,
or the thickness of elastic membrane 30 may be in-
creased. As a result, although elastic membrane 30 has
the same area as the other elastic membranes, elastic
membrane 30 nevertheless has higher rigidity and/or
larger mass than the others. In this case, by selecting
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the rigidity and/or mass of each elastic membrane 30a,
30b, 30c to meet the required resonance frequency con-
ditions for vibration in the out-of-plane direction of com-
posite membrane 16, it is possible to set each elastic
membrane 30a, 30b, 30c at a desired resonance fre-
quency.

[0063] In the first embodiment, device 1 that amplifies
the suction noise has a composite membrane 16 com-
posed of three elastic membranes 30a-30c. The present
embodiment is not limited to this scheme, however. A
scheme can also be adopted in which composite mem-
brane 16 is composed of two elastic membranes 30 or
more than three elastic membranes 30.

[0064] Also, in the structure for device 1 that amplifies
the suction noise of the present embodiment, device 1
that amplifies the suction noise is set in engine compart-
ment 6 in front of vehicle passenger compartment 2. How-
ever, other locations for device 1 that amplifies the suc-
tion noise are contemplated. That is, for example, when
vehicle C has an engine compartment 6 arranged behind
vehicle passenger compartment 2, the location for device
1 that amplifies the suction noise can be in engine com-
partment 6 located behind vehicle passenger compart-
ment 2. Also, for example, when vehicle C has an engine
compartment 6 beneath vehicle passenger compartment
2, the location for device 1 that amplifies the suction noise
can be within engine compartment 6 set beneath vehicle
passenger compartment 2. In any case, the location of
device 1 that amplifies the suction noise can be adjusted
appropriately according to the configuration of vehicle C,
that is, the position of engine compartment 6.

[0065] Viewing the device 1 for amplifying suction
noise of the first embodiment in the thickness direction
of composite membrane 16, the composite membrane
16 is composed of three elastic membranes 30a, 30b,
30c. Elastic membranes 30a, 30b, 30c have resonance
frequencies for vibrations in the out-of-plane direction of
composite membrane 16 that differ from each other.
[0066] As a result, in the acceleration mode, the vari-
ous elastic membranes 30a, 30b, 30c vibrate in the out-
of-plane direction of composite membrane 16 corre-
sponding to variation in the rotational velocity of the en-
gine.

[0067] Consequently, the intake pulsation at the first
frequency, and the suction noises at the second frequen-
cy and third frequency are amplified corresponding to
variation in the rotational velocity of the engine, and the
amplified suction noise is emitted from the second open-
ing of additional pipe 14 on the external air side. The
emitted suction noise is propagated via the air into the
vehicle passenger compartment, so that an impressive
suction noise is transmitted into vehicle passenger com-
partment 2.

[0068] Asaresult,itis possible to generate the suction
noise at plural frequencies by via composite membrane
16, and it is possible to generate an impressive suction
noise without a requirement of plural intake ducts. Be-
cause there is no need for plural intake ducts in this em-
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bodiment, freedom of layout is improved, allowing device
1 to be adopted on a variety of vehicles with different
constructions, such as vehicles having different body siz-
es.

[0069] Also, viewing the device for amplifying suction
noise of the present embodiment in the thickness direc-
tion, composite membrane 16 is comprised of three elas-
tic membranes, and these elastic membranes are formed
with different areas, so that they have different vibration
frequencies in the out-of-plane direction of composite
membrane 16.

[0070] Consequently, by selecting the areas of the re-
spective elastic membranes corresponding to resonance
frequencies for vibration in the out-of-plane direction of
composite membrane 16, it is possible to set the reso-
nance frequencies of the elastic membranes at the re-
spective desired resonance frequencies.

[0071] As aresult, it is possible to set the resonance
frequencies for vibration in the out-of-plane direction of
the various elastic membranes comprising composite
membrane 16 at the plural desired frequencies, and it is
possible to expand the frequency band range where am-
plifying the suction noise can be realized. As a result, it
is possible to improve the sound quality of the suction
noise directed into the vehicle passenger compartment.
[0072] Turning to Figure 7, a second embodiment will
be explained. Figure 7 is a diagram illustrating the struc-
ture of composite membrane 16 for device 1 for amplify-
ing the suction noise of a vehicle.

[0073] As can be seen from Figure 7, the structure of
device 1 for amplifying the suction noise of a vehicle C
in the second embodiment is the same as that of the first
embodiment, except for the structure of composite mem-
brane 16. Thatis, composite membrane 16 in the second
embodiment is divided by rigidity changing portions 34
formed between every pair of adjacent elastic mem-
branes and having rigidities different from those of said
elastic membranes 30a-30d. Viewed in the thickness di-
rection, composite membrane 16 has four elastic mem-
branes 30a-30d.

[0074] Rigidity changing portions 34 include an annu-
lar rigidity changing portion 36 and radial rigidity changing
portions 38a-38c.

[0075] Annular rigidity changing portion 36 is formed
as a slot arranged in the surface of composite membrane
16 on an intake duct side of composite membrane 16.
Annular rigidity changing portion 36 is shaped to sur-
round a portion of composite membrane 16 that includes
the center of composite membrane 16, andithas anover-
all circular or elliptical shape. In the second embodiment,
the center portion surrounded with annular rigidity chang-
ing portion 36 is referred to as elastic membrane 30d in
the following description.

[0076] Similar to annular rigidity changing portion 36,
radial rigidity changing portions 38a-38c are formed as
slots in the surface of composite membrane 16 on the
intake duct side of composite member 16, and annular
rigidity changing portions 38a-38d extend from annular
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rigidity changing portion 36 towards an outer periphery
of composite membrane 16, so that they divide the por-
tions other than that surrounded by annular rigidity
changing portion 36 into plural portions. With regard to
radial rigidity changing portions 38a-38c in the second
embodiment, an example is explained in which three ra-
dial rigidity changing portions 38a-38c are formed ex-
tending from annular rigidity changing portion 36 towards
the outer periphery of composite membrane 16. Also, in
explanation of the second embodiment, the three elastic
membranes 30 divided by said three radial rigidity chang-
ing portions 38a-38c are described as elastic membranes
30a-30c, respectively.

[0077] Elastic membranes 30a-30d are formed into
shapes with different areas by means of rigidity changing
portions 34. More specifically, area Sa of elastic mem-
brane 30a is larger than area Sb of elastic membrane
30b; area Sb of elastic membrane 30b is larger than area
Sc of elastic membrane 30c; and area Sc of elastic mem-
brane 30c is larger than area Sd of elastic membrane
30d. That is, elastic membranes 30a-30d are formed to
satisfy the following relationship: Sa > Sb > Sc > Sd.
[0078] Also, because elastic membranes 30a-30d
have different areas, their resonance frequencies in the
out-of-plane direction of composite membrane 16 are dif-
ferent from each other. More specifically, assuming the
resonance frequency of elastic membrane 30a to be first
resonance frequency f1, the resonance frequency of
elastic membrane 30b to be second resonance frequen-
cy f2, the resonance frequency of elastic membrane 30c
to be third resonance frequency f3, and the resonance
frequency of elastic membrane 30d to be fourth reso-
nance frequency f4, the following relationship is estab-
lished:f1 <f2<f3<f4.

[0079] Also, elastic membranes 30a-30d are appropri-
ately shaped such that their resonance frequencies
match those of the intake pulsations at the first frequency,
the second frequency, the third frequency and the fourth
frequency, selected from among the intake pulsations at
plural frequencies that form the intake pulsation gener-
ated in conjunction with the intake operation of engine 8.
More specifically, first resonance frequency f1 of elastic
membrane 30a matches the frequency of the intake pul-
sation at the first frequency, second resonance frequency
f2 of elastic membrane 30b matches the frequency of the
intake pulsation at the second frequency, third resonance
frequency f3 of elastic membrane 30c matches the fre-
quency of the intake pulsation at the third frequency, and
fourth resonance frequency f4 of elastic membrane 30d
matches the frequency of the intake pulsation at the
fourth frequency.

[0080] Here, the first frequency is lower than the sec-
ond frequency, the second frequency is lower than the
third frequency, and the third frequency is lower than the
fourth frequency. That is, the first frequency, second fre-
quency, third frequency and fourth frequency satisfy the
following relationship: first frequency < second frequency
< third frequency < fourth frequency.
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[0081] Thefirstfrequencyisthe frequency of theintake
pulsation generated when the engine rotates at a pre-
scribed rotational velocity R1, the second frequency is
the frequency of the intake pulsation generated at a pre-
scribed rotational velocity R2, the third frequency is the
frequency of the intake pulsation generated at a pre-
scribed rotational velocity R3, and the fourth frequency
is the frequency of the intake pulsation generated at a
prescribed rotational velocity R4.

[0082] Here, R1 is a rotational velocity lower than R2,
R2 is a rotational velocity lower than R3, and R3 is a
rotational velocity lower than R4. That is, rotational ve-
locities R1, R2, R3, R4 satisfy the following relationship:
R1<R2 <R3 <R4.

[0083] The remaining structure of composite member
16 and device 1 is substantially the same as that of in
the first embodiment.

[0084] The operation ofdevice 1thatamplifies the suc-
tion noise according to the second embodiment will now
be described. In the following description, because the
structure of everything besides composite membrane 16
is substantially the same as in the first embodiment, only
the operation of different parts will be explained.

[0085] When engine 8 is started, the intake pulsation
generated in conjunction with the intake operation of en-
gine 8 is propagated via intake manifold 28 and surge
tank 26 into the air inside clean-side intake duct 18 (see
Figure 2).

[0086] While engine 8 is running, as the amount of ac-
celerator pedal depression is increased, the airflow rate
from air cleaner 22 to surge tank 26 is increased (here-
inafter to be referred to as the acceleration mode). As a
result, while the rotational velocity of engine 8 is in-
creased, the intake vacuum generated in the air inside
intake duct 10 rises (see Figure 2).

[0087] When the engine is accelerating and the rota-
tional velocity is R1, the intake pulsation at the first fre-
quency, among the plural intake pulsations at different
frequencies that form the intake pulsation generated in
conjunction with the intake operation of engine 8, is prop-
agated via connecting pipe 12 to the composite mem-
brane 16.

[0088] Because the frequency of the intake pulsation
at the first frequency matches first resonance frequency
f1 of elastic membrane 30a, only elastic membrane 30a
among elastic membranes 30a-30d vibrates in the out-
of-plane direction of composite membrane 16. When
elastic membrane 30a vibrates in the out-of-plane direc-
tion of composite membrane 16, it causes pressure var-
iations in the air in additional pipe 14 on the side of com-
posite membrane 16 that is open to the external air, and
these air pressure variations become noise that is emit-
ted to the external air side, such that the suction noise is
amplified.

[0089] When the amount of accelerator pedal depres-
sion is further increased, that is, when the rotational ve-
locity of the engine is at R2, from among the plural intake
pulsations at different frequencies that form the intake
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pulsation in conjunction with the intake operation of en-
gine 8, the intake pulsation at the second frequency is
propagated via connecting pipe 12 to the composite
membrane 16 (elastic membrane).

[0090] Because the frequency of the intake pulsation
at the second frequency matches second resonance fre-
quency f2 of elastic membrane 30b only elastic mem-
brane 30b among elastic membranes 30a-30d vibrates
in the out-of-plane direction of composite membrane 16.
When elastic membrane 30b vibrates in the out-of-plane
direction of composite membrane 16, pressure variations
result in the air in the region between composite mem-
brane 16 and the end of additional pipe 14 that is open
to the external air, and air pressure variations become
noise that is emitted to the external air side, thereby am-
plifying the suction noise.

[0091] When the amount of accelerator pedal depres-
sion is further increased, that is, when the rotational ve-
locity of the engine is at R3, among the plural intake pul-
sations at different frequencies that form the intake pul-
sation in conjunction with the intake operation of engine
8, the intake pulsation at the third frequency is propagat-
ed via connecting pipe 12 to composite membrane 16.
[0092] Because the frequency of the intake pulsation
atthe third frequency matches third resonance frequency
3 of elastic membrane 30c, only elastic membrane 30c
among elastic membranes 30a-30d vibrates in the out-
of-plane direction of composite membrane 16. When
elastic membrane 30c vibrates in the out-of-plane direc-
tion of composite membrane 16, pressure variations re-
sultin the air in the region between composite membrane
16 and the end of additional pipe 14 that is open to the
external air, and said air pressure variations become
noise that is emitted to the external air side, such that
suction noise is amplified.

[0093] When the amount of accelerator pedal depres-
sion is further increased, that is, when the rotational ve-
locity of the engine is at R4, among the plural intake pul-
sations at different frequencies that form the intake pul-
sation in conjunction with the intake operation of engine
8, the intake pulsation at the fourth frequency is propa-
gated via connecting pipe 12 to composite membrane 16
(elastic membrane member).

[0094] Because the frequency of the intake pulsation
at the fourth frequency matches fourth resonance fre-
quency f4 of elastic membrane 30d, only elastic mem-
brane 30d among elastic membranes 30a-30d vibrates
in the out-of-plane direction of composite membrane 16
(elastic membrane member). When elastic membrane
30d vibrates in the out-of-plane direction of composite
membrane 16, pressure variations result in the air in the
region between composite membrane 16 and the end of
additional pipe 14 that is open to the external air, and the
air pressure variations become noise that is emitted to
the external air side, thereby amplifying the suction noise.
[0095] Consequently, inthe acceleration mode, elastic
membranes 30a-30d with different resonance frequen-
cies vibrate in the out-of-plane direction of composite
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membrane 16 corresponding to the variation in rotational
velocity of engine 8. As a result, the suction noise at the
first frequency, the suction noise at the second frequen-
cy, the suction noise at the third frequency and the suction
noise at the fourth frequency are amplified, and the am-
plified suction noise is emitted to the external air side
from the opening at the second end of additional pipe 14
(see Figure 2).

[0096] When the amplified suction noise is emitted to
the external air side from the second opening of additional
pipe 14, the emitted suction noise is propagated via the
air into vehicle passenger compartment 2, so that an im-
pressive suction noise is transmitted into vehicle passen-
ger compartment 2 (see Figure 1).

Variations of the Second Embodiments

[0097] Viewing device 1 that amplifies the suction
noise in the second embodiment, in the thickness direc-
tion of composite membrane 16, it may be seen that com-
posite membrane 16 is composed of four elastic mem-
branes 30a-30d. However, the second embodiment is
not limited to this scheme. That is, viewing in the thick-
ness direction of composite membrane 16, composite
membrane 16 may be composed of five or more elastic
membranes. In this case, composite membrane 16 may
work with frequencies over a wider range than composite
membrane 16 with just four elastic membranes 30a-30d
as viewed in the thickness direction of composite mem-
brane 16.

[0098] Viewing the device 1 for amplifying suction
noise in the second embodiment in the thickness direc-
tion of composite membrane 16, composite membrane
16 is comprised of four elastic membranes 30a-30d.
Elastic membranes 30a-30d are formed with different ar-
eas, and their resonance frequencies for vibration in the
out-of-plane direction of composite membrane 16 are dif-
ferent from each other.

[0099] As a result, by selecting the different areas of
elastic membranes 30a-30d according to resonance fre-
quencies of vibration in the out-of-plane direction of com-
posite membrane 16, it is possible to set the respective
resonance frequencies of elastic membranes 30a-30d at
the desired resonance frequencies.

[0100] Consequently, compared with the device for
amplifying the suction noise of a vehicle in the first em-
bodiment, that is, the device for amplifying the suction
noise of a vehicle having three elastic membranes as
viewed in the thickness direction, it is possible to further
expand the frequency range where the suction noise can
be amplified, and it is possible to improve the sound qual-
ity of the suction noise transmitted into vehicle passenger
compartment 2.

[0101] Referring to Figures 8 and 9, a third embodi-
ment will be explained. Figures 8 and 9 are diagrams
illustrating the structure of device 1 that amplifies suction
noise in the third embodiment. Figure 8 is a diagram il-
lustrating the structure of composite membrane 16, and
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Figure 9 is a cross section taken across X-Y in Figure 8.
[0102] As shown in Figures 8 and 9, the structure of
device 1 that amplifies suction noise in the third embod-
iment is substantially the same as that of the first embod-
iment except for the structure of composite membrane
16. That is, the rigidity changing portion for composite
membrane 16 in the third embodiment, is formed of con-
vex portions 40 formed on the surface of composite mem-
brane 16 on the intake duct side.

[0103] Viewed in the radial direction of composite
membrane 16, convex portions 40 are each generally V-
shaped and project toward the intake duct side when
composite member 16 is installed in connecting pipe 12.
The thickness of composite membrane 16 where convex
portions 40 are formed is substantially equal to the thick-
ness of the remaining portions. That is, composite mem-
brane 16 is formed with a generally uniform thickness
throughout. Composite membrane 16 with convex por-
tions 40 formed thereon, may be formed by integral mold-
ing using dies.

[0104] The remainder of the structure of device 1 is
generally the same as that of the first embodiment.
[0105] In the following, the operation of device 1 that
amplifies the suction noise in the third embodiment will
now be explained. Because the structure of everything
besides composite membrane 16 is substantially the
same as in the first embodiment, only the operation of
the different portions will be explained in detail.

[0106] When engine 8 is started, the intake pulsation
generated in conjunction with the intake operation of en-
gine 8 is propagated via intake manifold 28 and surge
tank 26 into the air inside clean-side intake duct 18 (see
Figure 2).

[0107] While engine 8 is running, as the amount of ac-
celerator pedal depression is increased, the airflow rate
from air cleaner 22 to surge tank 26 is increased (here-
inafter to be referred to as acceleration mode). As a re-
sult, while the rotational velocity of engine 8 is increased,
the intake vacuum generated for the air in intake duct 10
rises (see Figure 2).

[0108] In the acceleration mode, when the amount of
accelerator pedal depression is changed, the rotational
velocity of the engine is changed. As a result, elastic
membranes 30a-30c with different resonance frequen-
cies vibrate in the out-of-plane direction of composite
membrane 16 corresponding to the change in rotational
velocity of engine 8. As aresult, pressure variations occur
in the air in the region between composite membrane 16
and the end of additional pipe 14 that is open to the ex-
ternal air. The air pressure variations are emitted as noise
to the external air side, so that the suction noise corre-
sponding to the first frequency, the suction noise corre-
sponding to the second frequency, and the suction noise
corresponding to the third frequency are amplified (see
Figure 2).

[0109] When the amplified suction noise is emitted to
the external air side from the opening at the second end
of additional pipe 14, the emitted suction noise is prop-
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agated via the air into vehicle passenger compartment
2, so that an impressive suction noise is transmitted into
vehicle passenger compartment 2 (see Figure 1).
[0110] As viewed in the radial direction of composite
membrane 16, device 1 that amplifies the suction noise
in the third embodiment has convex portions 40 formed
on composite membrane 16, each being V-shaped and
projecting to the intake duct side, and the thickness of
composite membrane 16 is substantially uniform
throughout when the shape is formed. However, the third
embodiment is not limited to this scheme.

[0111] Forexample, asshowninFigure 10A,ascheme
may also be adopted in which the thickness of the por-
tions of composite membrane 16 where convex portions
40 are positioned is thicker than the remaining portions.
Also, as shown in Figure 10B, a scheme may also be
adopted in which convex portions 40 are each generally
U-shaped as viewed in the radial direction of composite
membrane 16, and the thickness of composite mem-
brane 16 is substantially uniform throughout. In addition,
for example, as shown in Figure 10C, a scheme may be
adopted in which convex portions 40 are each U-shaped
projecting toward the intake duct side as viewed in the
radial direction of composite membrane 16, and the thick-
ness of composite membrane 16 where convex portions
40 are formed is thicker than the remaining portions.
[0112] The rigidity changing portions in device 1 that
amplifies suction noise in the present embodiment con-
sist of convex portions 40 formed on the surface of com-
posite membrane 16 on the intake duct side. The third
embodiment is not limited to this scheme, however. For
example, as shown in Figures 11A and 11C, the rigidity
changing portions may also comprise generally concave
portions 42 formed in the surface of composite mem-
brane (elastic membrane member) 16 on the intake duct
side. And, as shown in Figures 11 B and 11D, a scheme
may also be adopted in which the rigidity changing por-
tions comprise generally convex portions 40 formed on
the surface of composite membrane 16 on the external
air side.

[0113] The device 1 for amplifying the suction noise of
a vehicle in the third embodiment has rigidity changing
portions that divide composite membrane 16 into plural
elastic membranes by convex or concave portions 40,
42 formed on the surface of composite membrane 16 on
the intake duct side. As a result, composite membrane
16 may be formed with plural elastic membranes by
means of a simple structure.

[0114] As a result, it is possible to prevent increased
manufacturing costs for composite membrane 16, to pre-
vent increased manufacturing costs for the device 1 for
amplifying the suction noise of a vehicle, and to improve
the producibility of the device for amplifying the suction
noise of a vehicle.

[0115] Referringto Figures 12 and 13, a fourth embod-
iment will be explained. Figures 12 and 13 are diagrams
illustrating the structure of composite membrane 16 for
device 1 that amplifies suction noise in the fourth embod-
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iment. Figure 13 is a cross section of composite member
16 taken across Y-Y in Figure 12.

[0116] As shown in Figures 12 and 13, the structure
of device 1 that amplifies suction noise in the fourth em-
bodiment is generally the same as that of the first em-
bodiment except for the structure of composite mem-
brane 16. That is, the rigidity changing portion of com-
posite membrane 16 in the fourth embodiment is formed
of convex portions 40 formed on the surface of composite
membrane 16 on the intake duct side, and each convex
portion 40 has a core member 44.

[0117] Viewed in the radial direction of composite
membrane 16, each convex portion 40 is generally nV-
shaped and projects toward the intake duct side. The
thickness of the portions of composite membrane 16
where convex portions 40 are formed is substantially
equal to the thickness of the remaining portions. That is,
thickness of composite membrane 16 is substantially uni-
form throughout.

[0118] Core member 44 is made of a wire material
more rigid than composite membrane 16, and it is ar-
ranged on the surface of composite membrane 16 on the
external air side.

[0119] The remainder of the structure of device 1 is
generally the same as that of the first embodiment 1.
[0120] Inthe following description, the operation of de-
vice 1 that amplifies suction noise in the fourth embodi-
ment will be explained. Because the structure of every-
thing besides composite membrane 16 is generally the
same as in the first embodiment, only the operation of
the different portions will be explained in detail.

[0121] When engine 8 is started, the intake pulsation
generated in conjunction with the intake operation of en-
gine 8 is propagated via intake manifold 28 and surge
tank 26 into the air inside clean-side intake duct 18 (see
Figure 2).

[0122] While engine 8 is running, as the amount of ac-
celerator pedal depression is increased, the airflow rate
from air cleaner 22 to surge tank 26 is increased (here-
inafter to be referred to as acceleration mode). As a re-
sult, while the rotational velocity of engine 8 is increased,
the intake vacuum generated in the air inside intake duct
10 rises (see Figure 2).

[0123] In the acceleration mode, when the amount of
accelerator pedal depression is changed, the rotational
velocity of the engine is changed. As a result, elastic
membranes 30a-30c with different resonance frequen-
cies vibrate in the out-of-plane direction of composite
membrane 16 corresponding to changes in the rotational
velocity of engine 8. As a result, pressure variations de-
velop in the air in the region between composite mem-
brane 16 and the end of additional pipe 14 open to the
external air. The air pressure variations become noise
emitted to the external air side, so that the suction noise
corresponding to the first frequency, the suction noise
corresponding to the second frequency, and the suction
noise corresponding to the third frequency are amplified,
and the amplified suction noise is emitted to the external
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air side from the second opening of additional pipe 14
(see Figure 2).

[0124] When the amplified suction noise is emitted to
the external air side from the second opening of additional
pipe 14, the emitted suction noise is propagated via the
air into vehicle passenger compartment 2, so that an im-
pressive suction noise is transmitted into vehicle passen-
ger compartment 2 via dash panel 4 (see Figure 1).
[0125] Convex portions 40 formed on composite mem-
brane 16 of device 1 that amplifies the suction noise in
the present embodiment are each generally V-shaped
and project to the intake duct side as viewed in the radial
direction of composite membrane 16. The thickness of
composite membrane 16 is substantially uniform
throughout when the shape is formed, and core member
44 is arranged on the surface of composite membrane
16 on the external air side. However, the fourth embod-
iment is not limited to this scheme. For example, as
shown in Figure 14A, a scheme may also be adopted in
which the thickness of composite film 16 where convex
portions 40 are set is greater than in the remaining por-
tions, with core member 44 being arranged inside convex
portions 40 set on composite membrane 16. Also, as
shown in Figure 14B, a scheme may also be adopted in
which each convex portion 40 is generally U-shaped as
viewed in the radial direction of composite membrane
16. In addition, for example, as shown in Figure 14C, a
scheme may also be adopted in which each convex por-
tion 40 of composite film 16 is generally U-shaped and
projects toward the intake duct side as viewed from the
radial direction of composite membrane 16, and the com-
posite membrane 16 is formed thicker where convex por-
tions 40 are set than in the remaining portions, with core
member 44 being arranged inside the convex portions
40.

[0126] The rigidity changing portions of device 1 that
amplifies suction noise in the fourth embodiment com-
prise convex portions 40 formed on the surface of com-
posite membrane 16 on the intake duct side. However,
the fourth embodiment is not limited to this scheme. For
example, as shown in Figures 15A and 15C, the rigidity
changing portions can also comprise concave portions
42 formed on the surface of the composite membrane
16 on the intake duct side, and as shown in Figures 15B
and 15D, a scheme may also be adopted in which the
rigidity changing portions consist of convex portions 40
formed on the surface of composite membrane 16 on the
external air side.

[0127] The device 1 for amplifying the suction noise of
a vehicle in the fourth embodiment has rigidity changing
portions that divide composite membrane 16 into plural
elastic membranes by convex portions 40 formed on the
surface of the composite membrane on the intake duct
side, and the convex portions each have a core member.
[0128] Thus composite membrane 16 may be formed
with plural elastic membranes with a simple structure,
and at the same time, the strength of the convex portions
40 may be increased.
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[0129] As a result, it is possible to increase the pro-
ducibility of the device 1 for amplifying the suction noise
of a vehicle, and at the same time, the strength of com-
posite membrane 16 may be increased compared to that
in the device for amplifying the suction noise of a vehicle
in the third embodiment, so that the durability of compos-
ite membrane 16 may be improved.

[0130] Referring to Figure 16, a fifth embodiment will
be explained. Figure 16 is a diagram illustrating the struc-
ture of composite member 16 of device 1 that amplifies
suction noise in the present embodiment.

[0131] As shown in Figure 16, the structure of device
1 that amplifies suction noise in the fifth embodiment is
substantially the same as that of the first embodiment
except for the structure of composite membrane 16. That
is, elastic membranes 30a-30c of composite membrane
16 in the fifth embodiment are made of materials having
different modulus values. Here, the modulus refers to the
property representing resistance to deformation of the
object per unit volume. When the deformation and stress
are proportional to each other, the modulus is the pro-
portionality coefficient, and it depends on the material.
Also, rigidity refers to the proportionality coefficient be-
tween a bending and twisting force applied to a structural
body and the overall change in the structural body. The
factors determining rigidity include the modulus of the
material, the dimensions, and the shape of the structure.
For example, when a material with a higher modulus is
used, the rigidity is higher. When a single materialis used,
the thicker the sheet, the higher the rigidity. Also, the
rigidity changes depending on the three-dimensional
shape of the member that is obtained by pressing proc-
esses.

[0132] The modulus of elastic membrane 30a is lower
than the modulus of elastic membrane 30b, and the mod-
ulus of elastic membrane 30b is lower than the modulus
of elastic membrane 30c. Consequently, rigidity Ra of
elastic membrane 30a is lower than rigidity Rb of elastic
membrane 30b, and rigidity Rb of elastic membrane 30b
is lower than rigidity Rc of elastic membrane 30c.
[0133] Thatis, the following relationship is established
for elastic membranes 30a-30c: Ra > Rb > Rc.

[0134] Here, because elastic membranes 30a-30c
have different rigidities, their resonance frequencies for
vibration in the out-of-plane direction of composite mem-
brane 16 are different from each other. Also, elastic mem-
brane 30 with a higher rigidity has a lower resonance
frequency for vibration in the out-of-plane direction than
does elastic membrane 30 with a lower rigidity. Conse-
quently, for elastic membranes 30a-30c, assuming the
resonance frequency of elastic membrane 30a to be first
resonance frequency f1, the resonance frequency of
elastic membrane 30b to be second resonance frequen-
cy f2, and the resonance frequency of elastic membrane
30c to be third resonance frequency 3, the relationship
f1 <f2 < f3 is established.

[0135] In composite membrane 16 of the fifth embod-
iment, elastic membranes 30a-30c are made of materials
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having different modulus values. As aresult, the structure
is divided into three elastic membranes 30a-30c without
providing slots or other rigidity changing portions on the
intake duct side of composite membrane 16.

[0136] The remaining features of the structure of the
device 1 are substantially the same as those in the first
embodiment.

[0137] In the following, the operation of device 1 that
amplifies the suction noise in the fifth embodiment will
be explained. Because the structure of everything be-
sides composite membrane 16 is substantially the same
as that in the first embodiment, only the operation of the
different portions will be explained in detail.

[0138] When engine 8 is started, the intake pulsation
generated in conjunction with the intake operation of en-
gine 8 is propagated via intake manifold 28 and surge
tank 26 into the air inside clean-side intake duct 18 (see
Figure 2).

[0139] While engine 8 is running, as the amount of ac-
celerator pedal depression is increased, the airflow rate
from air cleaner 22 to surge tank 26 is increased (here-
inafter to be referred to as acceleration mode). As a re-
sult, while the rotational velocity of engine 8 is increased,
the intake vacuum generated in the air inside intake duct
10 rises (see Figure 2).

[0140] In this case, because said elastic membranes
30a-30c have different rigidity values, their resonance
frequencies for vibration in the out-of-plane direction of
composite membrane 16 are different from each other.

[0141] As a result, in the acceleration mode, as the
amount of accelerator pedal depression is changed, the
rotational velocity of the engine is changed. As a result,
elastic membranes 30a-30c with different resonance fre-
quencies vibrate in the out-of-plane direction of compos-
ite membrane 16 corresponding to changes in the rota-
tional velocity of engine 8.

[0142] As a result, the intake pulsation at the first fre-
quency, the intake pulsation at the second frequency and
the intake pulsation at the third frequency are amplified,
and the amplified suction noise is emitted to the external
air side from additional pipe 14 (see Figure 2).

[0143] When the amplified suction noise is emitted to
the external air side from the opening at the other end of
additional pipe 14, the emitted suction noise is propagat-
ed via the air into vehicle passenger compartment 2, so
that an impressive suction noise is transmitted into vehi-
cle passenger compartment 2 via dash panel 4 (see Fig-
ure 1).

[0144] In the fifth embodiment, elastic membranes
30a-30c of device 1 that amplifies the suction noise have
rigidities different from each other, so that their reso-
nance frequencies for vibration in the out-of-plane direc-
tion of composite membrane 16 are different from each
other. However, the fifth embodiment is not limited to this
scheme. That is, a scheme may also be adopted in which
elastic membranes 30a-30c are made of materials hav-
ing different mass values, so that they have different res-
onance frequencies for vibration in the out-of-plane di-
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rection of composite membrane 16. Also, one may adopt
a scheme in which elastic membranes 30a-30c are made
of materials different from each other with respect to their
modulus and/or mass, so that they have different reso-
nance frequencies for vibration in the out-of-plane direc-
tion of composite membrane 16.

[0145] For composite membrane 16 in the fifth embod-
iment, elastic membranes 30a-30c are made of materials
having different modulus values. As aresult, the structure
is provided with three divided elastic membranes 30a-
30c without setting slots or other rigidity changing por-
tions on the intake duct side of composite membrane 16.
However, the fifth embodiment is not limited to this
scheme. For example, a scheme may also be adopted
in which composite membrane 16 is composed of three
separated elastic membranes 30a-30c by forming slots
or other rigidity changing portions on the surface of com-
posite membrane (elastic membrane member) 16 on the
intake duct side, just as in any of the previous embodi-
ments.

[0146] Viewed in the thickness direction of composite
membrane 16, composite membrane 16 of the device 1
for amplifying the suction noise of a vehicle in the fifth
embodiment is composed of three elastic membranes.
Because the elastic membranes have different rigidity
values, their resonance frequencies for vibration in the
out-of-plane direction of composite membrane 16 are dif-
ferent from each other.

[0147] As a result, in the acceleration mode, the vari-
ous elastic membranes vibrate in the out-of-plane direc-
tion of composite membrane 16 corresponding to chang-
es in the rotational velocity of engine 8.

[0148] Consequently, the intake pulsation at the first
frequency, the intake pulsation at the second frequency
and the intake pulsation at the third frequency are am-
plified corresponding to changes in the rotational velocity
of engine 8, and the amplified suction noise is emitted to
the external air side from the second opening of the ad-
ditional pipe. The emitted suction noise is propagated via
dash panel 4 into vehicle passenger compartment 2, and
an impressive suction noise is transmitted into vehicle
passenger compartment 2.

[0149] As aresult, it is possible to generate plural res-
onance frequencies with a single composite membrane
16, and an impressive suction noise may be generated
without the need of plural intake ducts. Also, because
the structure does not need plural intake ducts, the free-
dom of layout design may be improved, and device 1
may be adopted for vehicles with different body sizes or
different structures.

[0150] Also, as viewed in the thickness direction, com-
posite membrane 16 of the device 1 foramplifying suction
noise in the fifth embodiment is composed of three elastic
membranes, and these elastic membranes are made of
materials with different modulus values, so thatthey have
different frequencies for vibration in the out-of-plane di-
rection of composite membrane 16.

[0151] Consequently, by selecting the modulus values
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ofthe elastic membranes corresponding to the respective
resonance frequencies for vibration in the out-of-plane
direction of composite membrane 16, it is possible to set
the resonance frequencies of the elastic membranes at
the respective desired resonance frequencies.

[0152] As aresult, it is possible to set the resonance
frequencies of the various elastic membranes for vibra-
tion in the out-of-plane direction of composite membrane
16 at plural desired frequencies, and it is possible to ex-
pand the range of frequency bands where amplification
of the suction noise may be realized. As a result, it is
possible to improve the sound quality of the suction noise
transmitted into vehicle passenger compartment 2.
[0153] Also, because composite membrane 16 in the
device 1 for amplifying the suction noise of a vehicle in
the fifth embodiment has elastic membranes made of
materials having different modulus values, composite
membrane 16 is constituted as three separated elastic
membranes without the provision of slots or other rigidity
changing portions on the surface of composite mem-
brane 16 on the intake duct side.

[0154] Consequently, the durability of composite
membrane 16 is improved due to the lack of rigidity
changing portions with thicknesses different from other
portions set at the boundaries between adjacent elastic
membranes of composite membrane 16.

[0155] The preceding description has been presented
only to illustrate and describe embodiments of the oil re-
turn device according to the claimed invention. It is not
intended to be exhaustive or to limit the invention to any
precise form disclosed. It will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof with-
out departing from the scope of the invention. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the scope. Therefore, it is intended
that the invention not be limited to the particular embod-
iment disclosed but that the invention will include all em-
bodiments falling within the scope of the claims. The in-
vention may be practiced otherwise than is specifically
explained and illustrated without departing from its
scope, which scope is limited solely by the following
claims.

[0156] This application claims priority from Japanese
Patent Application No. 2006-155945, filed 5th June 2006,
the contents of which are expressly incorporated herein
by reference.

Claims

1. A method for amplifying the suction noise of a vehi-
cle, comprising:

passing variations in air pressure transmitted in-
to an engine intake port through a pipe that is
connected to an engine; and
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resonating the elastic member at least at two
different frequencies.

2. An apparatus for amplifying the suction noise of a
vehicle, comprising:

an intake duct for feeding air to an engine intake
port,

a connecting pipe connected to an interior of the
intake duct, and

a composite membrane positioned within the
connecting pipe;

wherein the composite membrane is arranged to
block an interior passage formed in the connecting
pipe and wherein the composite membrane includes
at least two elastic membranes with at least one of
masses and rigidities that differ from each other.

3. An apparatus as claimed in claim 2 wherein the at
least two elastic membranes have different areas
from each other.

4. Anapparatusas claimedin claim 2 or claim 3 wherein
at least two elastic membranes are made of materi-
als having at least one of different moduli and den-
sities from each other.

5. An apparatus as claimed in any of claims 2 to 4
wherein the at least two elastic membranes have
different thicknesses from each other.

6. An apparatus as claimed in any of claims 2 to 5
wherein the composite membrane further comprises
a rigidity changing portion formed between the at
least two elastic membranes, with the rigidity of the
rigidity changing portion being different from that of
the at least two elastic membranes.

7. An apparatus as claimed in any of claims 2 to 6
wherein the rigidity changing portion is one of a con-
vex portion and concave portion formed on a surface
of the composite membrane.

8. An apparatus as claimed in any of claims 2 to 7
wherein the rigidity changing portion further compris-
es a core member with a rigidity higher than that of
the elastic membranes.

9. An apparatus as claimed in any of claims 2 to 8
wherein the rigidity changing portion comprises:

at least an annular rigidity changing portion of
one of a generally circular or elliptical shape and
arranged inward of an outer periphery of the
composite membrane, and

radial rigidity changing portions that extend from
the annular rigidity changing portion to the outer
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periphery of the composite membrane, and
which divide the region between the portion sur-
rounded by the annular rigidity changing portion
and the outer periphery of the composite mem-
brane into at least two portions.

10. Anengine or avehicle having an apparatus or adapt-
ed to use a method as claimed in any preceding
claim.
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