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DEVICE AND METHOD FOR AMPLIFYING
SUCTION NOISE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Japanese Patent
Application Serial No. [2006-155944] 2006-155945 filed
Jun. 5, 2006], the disclosure of which, including its specifi-
cation, drawings and claims, are incorporated herein by ret-
erence in its entirety].

TECHNICAL FIELD

The present disclosure pertains to a type of device for
improving the sound quality of a suction noise generated by
an intake system of an automobile or the like.

BACKGROUND

Japanese Patent No. 3613665 describes a known device
that boosts suction noise. The device described therein 1s for
amplifying suction noise and has plural intake ducts having
resonance frequencies that are different from each other, so
that 1t 1s possible to boost the suction noise at different fre-
quencies, and permits introduction of suction noise nto the
vehicle passenger compartment.

However, the device for amplifying suction noise
described 1n Japanese Patent No. 3613665 has some disad-
vantages. First, because the device 1s constituted with plural
intake ducts, there 1s no leeway 1n the space required nside
the engine compartment. Thus, there are restrictions on the
layout, and the device 1s difficult to install in the engine
compartment.

SUMMARY

The present disclosure provides a device to boost the suc-
tion noise of a vehicle characterized by the fact that resonance
of an elastic membrane, due to variation 1n pressure of air
transmitted 1into an engine intake port, 1s allowed to occur at
least two different frequencies.

According to the present disclosure, 1t 1s possible to boost
suction noise at plural frequencies without the need of plural
intake ducts, so that it 1s possible to generate impressive
suction noise, and at the same time to improve the freedom of
design layout.

One embodiment of the disclosure includes a device for
amplifying the suction noise of a vehicle. The embodiment of
the device comprises an intake duct, a connecting pipe and a
composite membrane. The mntake duct 1s for feeding air to an
engine intake port. A connecting pipe 1s connected to an
interior of the intake duct. The composite membrane 1s posi-
tioned within the connecting pipe. The composite member
blocks an interior passage formed 1n the connecting pipe. The
composite member further includes at least two elastic mem-
branes with one of masses and rigidities that different from
cach other. A method 1s also disclosed.

BRIEF DESCRIPTION OF DRAWINGS

Other features and advantages of the present disclosure
will be apparent from the ensuing description, taken 1n con-
junction with the accompanying drawings, 1n which:
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FIG. 1A 1s a side elevational view of a vehicle equipped
with a device for amplilying a suction noise of a vehicle.

FIG. 1B 1s a top plan view of the vehicle of FIG. 1A.

FIG. 1C 1s a front elevational view of the vehicle of FIG.
1A.

FIG. 2 1s a diagram 1illustrating the structure of the device
for amplifying suction noise according to a first embodiment.

FIG. 3 1s a diagram 1llustrating 1n detail the structure of a
composite membrane.

FIG. 4 1s a diagram 1illustrating a vibration state of each
clastic membrane 1n an out-of-plane direction of the compos-
ite membrane during a first acceleration mode.

FIG. 5 1s a diagram 1illustrating a vibration state of each
clastic membrane 1n the out-of-plane direction of the com-
posite membrane during a second acceleration mode.

FIG. 6 1s a diagram 1llustrating the vibration state of each
clastic membrane 1n an out-of-plane direction of the compos-
ite membrane during a third acceleration mode.

FIG. 7 1s a diagram 1llustrating the structure of a composite
membrane of the device for amplifying the suction noise of a
vehicle 1n a second embodiment.

FIG. 8 1s a diagram 1illustrating the structure a composite
membrane of the device for amplifying the suction noise of a
vehicle 1n a third embodiment

FIG. 9 1s a cross section of the composite membrane taken
across X-Y i FIG. 8.

FIGS. 10A-10C are diagrams 1illustrating modified
examples of the composite membrane ol the device for ampli-
tying the suction noise of a vehicle 1n the third embodiment.

FIG. 11A-11D are diagrams illustrating modified
examples of the composite membrane ol the device for ampli-
tying the suction noise of a vehicle 1n the third embodiment.

FIG. 12 1s a diagram 1illustrating the structure of the com-
posite membrane of the device for amplifying the suction
noise of a vehicle 1n a forth embodiment.

FIG. 13 15 a cross section of the composite membrane taken
across Y-Y 1n FIG. 12.

FIGS. 14A-14C are diagrams 1illustrating modified
examples of the composite membrane ol the device for ampli-
tying the suction noise of a vehicle the fourth embodiment.

FIGS. 15A-15D are diagrams illustrating modified
examples of the composite membrane ol the device for ampli-
tying the suction noise of a vehicle 1n the fourth embodiment.

FIG. 16 1s a diagram 1illustrating the structure of a compos-
ite membrane for the device for amplifying the suction noise
of a vehicle 1n a fifth embodiment.

DETAILED DESCRIPTION

While the claims are not limited to the 1llustrated embodi-
ments, an appreciation of various aspects of the apparatus 1s
best gained through a discussion of various examples thereof.
Referring now to the drawings, illustrative embodiments are
shown 1n detail. Although the drawings represent the embodi-
ments, the drawings are not necessarily to scale and certain
features may be exaggerated to better illustrate and explain an
inovative aspect of an embodiment. Further, the embodi-
ments described herein are not itended to be exhaustive or
otherwise limiting or restricting to the precise form and con-
figuration shown 1n the drawings and disclosed in the follow-
ing detailed description. Exemplary embodiments of the
present mvention are described 1n detail by referring to the
drawings as follows.

Embodiment 1

FIGS. 1A-1C includes diagrams 1illustrating a vehicle C
carrying a device 1 for amplifying suction noise according to
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a first embodiment. FIG. 1A 1s a side view of a vehicle C. FIG.
1B 1s a top view of vehicle C. And FIG. 1C 1s a front view of
vehicle C.

As can be seen from FIG. 1, device 1 that boosts suction
noise 1n the first embodiment 1s arranged 1n front of a vehicle
passenger compartment 2. Indeed, device 1 1s arranged 1n an
engine compartment 6 that 1s separated from vehicle passen-
ger compartment 2 by a dash panel 4. Further, device 1 1s
arranged on an imntake duct 10 that1s connected to an engine 8.

The resonant vibration of air 1n intake duct 10 takes place
in air intake duct 10. When resonance occurs, pressure varia-
tions develop 1n air in intake duct 10, and these pressure
variations 1n the air are perceived by humans as noise. The
noise accompanying intake 1s called suction noise. The fre-
quency of the suction noise depends on the frequency of the
pressure variations generated due to the resonance phenom-
enon. The frequency of the pressure variation that takes place
due to the resonance phenomenon 1s determined by the reso-
nance frequency, which depends on the length of the intake
duct, etc.

FI1G. 2 1s a diagram illustrating the structure of device 1 that
amplifies the suction noise 1n the first embodiment. As shown
in F1G. 2, device 1 that amplifies the suction noise 1n the first
embodiment comprises a connecting pipe 12, an additional
pipe 14, and a composite membrane 16 (represented by
dashed lines 1n FIG. 2).

In the embodiment shown, connecting pipe 12 1s generally
cylindrical, and 1s attached to an outer peripheral surface of
intake duct 10, which may be formed of a draft tube with air
inside 1t. Connecting pipe 12 commumnicates with intake duct
10.

Similar to connecting pipe 12, additional pipe 14 may also
be generally cylindrical. A first opeming at one end of addi-
tional pipe 14 1s connected to connecting pipe 12, and a
second opening at the other end of additional pipe 14 opens to
external arr.

Composite membrane 16 1s generally disk-shaped and may
be made of, for example, rubber or another elastic material.
Composite member 16 1s 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 dur-
ing intake by engine 8, corresponding to variation in an intake
vacuum generated 1n air 1inside itake duct 10, so that vibra-
tion ol composite membrane 16 occurs 1n an out-of-plane
direction. The detailed structure of composite membrane 16
will be explained later.

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

Intake duct 10 forms an intake path from the external air to
engine 8, and 1s comprised of a dust side intake duct 20 and a
clean side intake duct 18.

A first opening at one end of dust side intake duct 20 1s
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.

Clean side 1intake duct 18 includes a throttle chamber 24. A
first opening at one end of clean side 1ntake duct 18 1s con-
nected to air cleaner 22, and a second opening at the other end
of clean side intake duct 18 1s connected via a surge tank 26 to
various portions of an intake manifold 28 to the various cyl-
inders (not shown 1n the figure) of engine 8.

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 1t passes through the
filter portion.

Throttle chamber 24 1s installed between air cleaner 22 and
surge tank 26, and 1s connected to an accelerator pedal (not
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shown 1n the figure). Throttle chamber 24 adjusts the airtlow
rate from air cleaner 22 to surge tank 26 corresponding to the
amount of accelerator pedal depression. When the amount of
accelerator pedal depression 1s reduced, the airtlow rate from
air cleaner 22 to surge tank 26 1s decreased, so that the
rotational velocity of engine 8 falls, and at the same time the
intake vacuum generated 1n the air inside intake duct 10 1s
reduced. On the other hand, when the amount of accelerator
pedal depression 1s increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased, so that the rotational velocity
of engine 8 rises, and at the same time, the intake vacuum
generated 1n the air 1n intake duct 10 1s increased.

During intake, engine 8 draws air that has flowed from the
opening at the second end of dust side 1intake duct 20 and 1s
present inside clean side intake duct 18 into the various cyl-
inders via surge tank 26 and intake manifold 28.

Also, 1n conjunction with the intake operation, engine 8
becomes a pressure source that generates intake pulsation in
the air inside intake duct 10, and this intake pulsation results
in suction noise.

Here, the mtake pulsation that occurs 1n conjunction with
the intake operation of engine 8 1s a pressure variation gen-
erated in the air inside intake duct 10. This pressure variation
1s composed of plural pressure variations at different frequen-
cies. That 1s, the itake pulsation that occurs 1n conjunction
with the intake operation of engine 8 1s composed of plural
intake pulsations at different frequencies. In the first embodi-
ment, engine 8 1s assumed to be a 6-cylinder in-line engine.
However, engine 8 1s not limited to this construction.

FIG. 3 1s a diagram 1llustrating the detailed structure of
composite membrane 16.

Viewed in the thickness direction of composite membrane
16, as may be seen, composite membrane 16 includes three
clastic membranes 30a-30c. Flastic membranes 30a-30c are
separated from each other by slots 32 formed 1n the surface on
an intake duct side of composite membrane 16. In the
embodiment shown, and slots 32 are formed 1n shapes having
different areas. More specifically, area Sa of elastic mem-
brane 30a 1s larger than area Sb of elastic membrane 30b, and
area Sb of said elastic membrane 30b 1s larger than area Sc of
elastic membrane 30c. That 1s, elastic membranes 30a-30c
are formed to satisty the relationship Sa>Sb>Sc.

Here, because elastic membranes 30a-30c have different
areas from each other, their resonance frequencies for vibra-
tion 1n the out-of-plane direction of composite membrane 16
are different from each other.

The resonance frequency 1s that for vibration at a pre-
scribed frequency detected when an object 1s allowed to
vibration freely. Any object has a natural resonance ire-
quency. Usually, an object has plural resonance frequencies.
The resonance frequency depends on the rigidity and mass of
the object. More specifically, the higher the rigidity, the
higher the resonance frequency, while the larger the mass, the
lower the resonance frequency. Here, rigidity refers to the
proportionality coellicient between a bending or twisting
force applied to the structural body and the deflection of the
structural body as a whole.

Consequently, because elastic membranes 30a-30c have
different areas, they differ from each other 1n rigidity and
mass. As a result, they have different resonance frequencies.

Compared with elastic membrane 30c with a smaller area,
clastic membrane 30a with a larger area has a lower resonance
frequency for vibration in the out-of-plane direction. Conse-
quently, for said elastic membranes 30a-30c, assuming the
resonance Irequency of elastic membrane 30a to be first reso-
nance frequency 11, the resonance frequency of elastic mem-
brane 30b to be second resonance frequency 12, and the reso-
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nance Irequency ol elastic membrane 30c to be third
resonance Irequency 13, the following conditional relation-
ship among them applies: 11<12<13.

Also, elastic membranes 30a-30c are appropriately formed
such that their resonance frequencies correspond 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 pulsations at plural frequencies that
form the intake pulsation generated 1n conjunction with the
intake operation of engine 8. More specifically, first reso-
nance frequency 11 of elastic membrane 30a matches the first
intake pulsation frequency, second resonance frequency 12 of
clastic membrane 30b matches the second intake pulsation
frequency, and third resonance frequency 13 of elastic mem-
brane 30¢ matches the third intake pulsation frequency.

Here, the first frequency 1s lower than the second frequency
and the second frequency 1s lower than the third frequency.
That 1s, the first frequency, second frequency and third fre-
quency satisty the {following relationship:  first
frequency<second frequency<third frequency.

The first frequency 1s the frequency of the intake pulsation
generated when the engine rotates at a prescribed rotational
velocity R1, the second frequency 1s the frequency of the
intake pulsation generated at a prescribed rotational velocity
R2, and the third frequency 1s the frequency of the intake
pulsation generated at a prescribed rotational velocity R3.

Here, R1 1s a rotational velocity lower than R2 and R2 1s a
rotational velocity lower than R3. That 1s, rotational veloci-
ties R1, R2, R3 satisty the {following relationship:
R1<R2<R3.

In addition, each of slots 32 1s formed between two adja-
cent elastic membranes, and they form rngidity changing por-
tions having different rnigidities from those of elastic mem-
branes 30a-30c.

The operation of the first embodiment of device 1 that
amplifies the suction noise will now be explained.

When engine 8 1s started, the intake pulsation generated in
conjunction with the intake operation of engine 8 1s propa-
gated via intake manifold 28 and surge tank 26 into the air
inside mtake duct 10 (see FIG. 2).

While engine 8 1s running, as the amount of accelerator
pedal depression is increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased (hereinafter to be referred to
as acceleration mode). As a result, while the rotational veloc-
ity of engine 8 1s increased, the itake vacuum generated for
the air 1n 1take duct 10 rises (see FI1G. 2).

In the following, the operation of elastic membranes 30a-
30c 1n the acceleration mode will be explained 1n more detail
with reference to FIGS. 4-6.

FIGS. 4-6 are diagrams illustrating the vibration of elastic
membranes 30a-30c¢ in the out-of-plane direction of the com-
posite membrane 16 during the acceleration mode. FIG. 4 1s
a diagram 1illustrating the state when the rotational velocity of
the engine 1s R1; FIG. 5§ 1s a diagram 1illustrating the state
when the rotational velocity of the engine 1s R2; and FIG. 6 1s
a diagram 1llustrating the state when the rotational velocity of
the engine 1s R3.

When the rotational velocity of the engine 1s R1, among the
plural intake pulsations at different frequencies that form the
intake pulsation generated in conjunction with the intake
operation of the engine, an intake pulsation at the first fre-
quency 1s propagated via connecting pipe 12 to composite
membrane 16.

As 1llustrated 1n FI1G. 4, because 1n this case the frequency
of the intake pulsation at the first frequency matches first
resonance Irequency 11 of elastic membrane 30a, only elastic
membrane 30a among the elastic membranes 30a-30c
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vibrates in the out-of-plane direction of composite membrane
16. When elastic membrane 30a vibrates in the out-of-plane

direction of composite membrane 16, 1t causes pressure varia-
tions 1n the air in additional pipe 14 on the side of composite
membrane 16 that 1s open to the external air. There, air pres-
sure variations become noise that 1s emitted to an external air
side, and the suction noise 1s thereby amplified.

When the amount of accelerator pedal depression 1s further
increased, that 1s, when the rotational velocity of the engine 1s
at R2, among the plural intake pulsations at different frequen-
cies that form the intake pulsation in conjunction with the
intake operation of the engine, the intake pulsation at the
second Irequency 1s propagated via connecting pipe 12 to
composite membrane 16.

As shown 1n FIG. 5, because in this case the frequency of
the intake pulsation at the second frequency matches second
resonance Irequency 12 of elastic membrane 30b, only elastic
membrane 30b among elastic membranes 30a-30c vibrates in
the out-of-plane direction of composite membrane 16. When
clastic membrane 30b vibrates 1n the out-of-plane direction of
composite membrane 16, it causes pressure variations in the
air between composite membrane 16 and the second opening
of additional pipe 14, and said air pressure variations become
noise that 1s emitted to the external air side, and the suction
noise 1s thereby amplified.

When the amount of accelerator pedal depression 1s further
increased, that 1s, when the rotational velocity of the engine 1s
at R3, among the plural intake pulsations at different frequen-
cies that form the intake pulsation in conjunction with the
intake operation of the engine, the intake pulsation at the third
frequency 1s propagated via connecting pipe 12 to composite
membrane 16.

As shown 1n FIG. 6, because 1n this case the frequency of
the intake pulsation at the third frequency matches third reso-
nance frequency 13 of elastic membrane 30c¢, only elastic
membrane 30¢ among elastic membranes 30a-30c¢ vibrates in
the out-of-plane direction of composite membrane 16. When
clastic membrane 30c vibrates in the out-of-plane direction of
composite membrane 16, it causes pressure variations in the
air 1n additional pipe 14 on the side of composite membrane
16 that 1s open to the external air, and air pressure variations
become noise that 1s emitted to the external air side, and
therefore the suction noise 1s amplified.

Consequently, 1 the acceleration mode, elastic mem-
branes 30a-30c with different resonance frequencies vibrate
in the out-of-plane direction of the composite membrane
according to variation in the rotational velocity of the engine.
As aresult, 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 1s
emitted to the external air side from the second opening at the
additional pipe 14 (see FIG. 2).

When the amplified suction noise 1s emitted to the external
air side from the second opening of additional pipe 14, the
emitted suction noise 1s propagated via the air into vehicle
passenger compartment 2 such that an 1impressive suction
noise 1s transmitted into vehicle passenger compartment 2

(see FIG. 1).

Variations of Embodiment 1

For device 1 that amplifies the suction noise 1n the first
embodiment, three elastic membranes 30a-30c are formed to
have diflerent resonance frequencies for vibration in the out-
of-plane direction of composite membrane 16. However, 1t 1s
understood that the present embodiment 1s not limited to this
scheme. Indeed, a scheme may also be adopted 1n which
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among three elastic membranes 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.

Also, 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 membrane 16 by virtue of
having different areas. The present embodiment 1s not limited
to this scheme, however. That 1s, a scheme may also be
adopted 1n which three elastic membranes 30a-30c are
formed with the same area, and at the same time, they are
formed different 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
different from each other. Here, to form an elastic membrane
30 having increased rigidity and/or mass, a core member may
be arranged 1nside 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 increased. 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 the rnigidity and/or mass of each elastic mem-
brane 30a, 30b, 30c to meet the required resonance frequency
conditions for vibration in the out-of-plane direction of com-
posite membrane 16, 1t 1s possible to set each elastic mem-
brane 30a, 30b, 30c at a desired resonance frequency.

In the first embodiment, device 1 that amplifies the suction
noise has a composite membrane 16 composed of three elas-
tic membranes 30a-30c¢. The present embodiment 1s not lim-
ited to this scheme, however. A scheme can also be adopted 1n
which composite membrane 16 1s composed of two elastic
membranes 30 or more than three elastic membranes 30.

Also, 1in the structure for device 1 that amplifies the suction
noise of the present embodiment, device 1 that amplifies the
suction noise 1s set 1n engine compartment 6 n front of
vehicle passenger compartment 2. However, other locations
tor device 1 that amplifies the suction noise are contemplated.
That 1s, for example, when vehicle C has an engine compart-
ment 6 arranged behind vehicle passenger compartment 2, the
location for device 1 that amplifies the suction noise can be 1n
engine compartment 6 located behind vehicle passenger com-
partment 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 appropnately
according to the configuration of vehicle C, that 1s, the posi-
tion of engine compartment 6.

Viewing the device 1 for amplifying suction noise of the
first embodiment 1n the thickness direction of composite
membrane 16, the composite membrane 16 1s composed of
three elastic membranes 30a, 30b, 30c. Elastic membranes
304a, 30b, 30c¢ have resonance frequencies for vibrations in the
out-of-plane direction of composite membrane 16 that differ
from each other.

As a result, 1in the acceleration mode, the various elastic
membranes 30a, 30b, 30c¢ vibrate in the out-of-plane direction
of composite membrane 16 corresponding to variation in the
rotational velocity of the engine.

Consequently, the intake pulsation at the first frequency,
and the suction noises at the second frequency and third
frequency are amplified corresponding to variation in the
rotational velocity of the engine, and the amplified suction
noise 1s emitted from the second opening of additional pipe 14
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on the external air side. The emitted suction noise 1s propa-
gated via the air into the vehicle passenger compartment, so

that an 1mpressive suction noise 1s transmitted mto vehicle
passenger compartment 2.

As a result, it 1s possible to generate the suction noise at
plural frequencies by via composite membrane 16, and it 1s
possible to generate an 1mpressive suction noise without a
requirement of plural intake ducts. Because there 1s no need
for plural intake ducts 1n this embodiment, freedom of layout
1s improved, allowing device 1 to be adopted on a variety of
vehicles with different constructions, such as vehicles having,
different body sizes.

Also, viewing the device for amplifying suction noise of
the present embodiment 1n the thickness direction, composite
membrane 16 1s comprised of three elastic membranes, and
these elastic membranes are formed with different areas, so
that they have different vibration frequencies in the out-oi-
plane direction of composite membrane 16.

Consequently, by selecting the areas of the respective elas-
tic membranes corresponding to resonance Irequencies for
vibration in the out-of-plane direction of composite mem-
brane 16, 1t 1s possible to set the resonance frequencies of the
clastic membranes at the respective desired resonance ire-
quencies.

As a result, 1t 1s possible to set the resonance frequencies
for vibration 1n the out-of-plane direction of the various e¢las-
tic membranes comprising composite membrane 16 at the
plural desired frequencies, and 1t 1s possible to expand the
frequency band range where amplifying the suction noise can
be realized. As a result, it 1s possible to improve the sound
quality of the suction noise directed into the vehicle passenger
compartment.

Second Embodiment

Turming to FIG. 7, a second embodiment will be explained.
FIG. 7 1s a diagram 1llustrating the structure of composite
membrane 16 for device 1 for amplifying the suction noise of
a vehicle.

As can be seen from FIG. 7, the structure of device 1 for
amplifving the suction noise of a vehicle C in the second
embodiment 1s the same as that of the first embodiment,
except for the structure of composite membrane 16. That 1s,
composite membrane 16 in the second embodiment 1s divided
by rigidity changing portions 34 formed between every pair
of adjacent elastic membranes and having rigidities different
from those of said elastic membranes 30a-30d. Viewed i the
thickness direction, composite membrane 16 has four elastic
membranes 30a-30d.

Rigidity changing portions 34 include an annular rigidity
changing portion 36 and radial rigidity changing portions
38a-38c.

Annular rigidity changing portion 36 1s formed as a slot
arranged 1n the surface ol composite membrane 16 on an
intake duct side of composite membrane 16. Annular rigidity
changing portion 36 1s shaped to surround a portion of com-
posite membrane 16 that includes the center of composite
membrane 16, and 1t has an overall circular or elliptical shape.
In the second embodiment, the center portion surrounded
with annular rigidity changing portion 36 1s referred to as
clastic membrane 30d 1n the following description.

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 por-
tions 38a-38d extend from annular rigidity changing portion
36 towards an outer periphery of composite membrane 16, so
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that they divide the portions other than that surrounded by
annular rigidity changing portion 36 into plural portions.
With regard to radial nigidity changing portions 38a-38c 1n
the second embodiment, an example 1s explained in which
three radial ngidity changing portions 38a-38c are formed
extending 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 changing,
portions 38a-38c are described as elastic membranes 30a-
30c, respectively.

Elastic membranes 30a-30d are formed into shapes with
different areas by means of rigidity changing portions 34.
More specifically, area Sa of elastic membrane 30a 1s larger
than area Sb of elastic membrane 30b; area Sb of elastic
membrane 30b 1s larger than area Sc of elastic membrane 30c;
and area Sc of elastic membrane 30c is larger than area Sd of
elastic membrane 30d. That 1s, elastic membranes 30a-30d

are formed to satisty the {following relationship:
Sa>Sbh>Sc>Sd.

Also, because elastic membranes 30a-30d have different
areas, their resonance frequencies in the out-of-plane direc-
tion of composite membrane 16 are ditferent from each other.
More specifically, assuming the resonance frequency of elas-
tic membrane 30a to be first resonance frequency 11, the
resonance Ifrequency of elastic membrane 30b to be second
resonance frequency 12, the resonance frequency of elastic
membrane 30c¢ to be third resonance frequency 13, and the
resonance Irequency of elastic membrane 30d to be fourth
resonance frequency 14, the following relationship is estab-
lished: 11<12<13<14.

Also, elastic membranes 30a-30d are appropriately shaped
such that their resonance Ifrequencies 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 generated 1n conjunction with the intake
operation of engine 8. More specifically, first resonance fre-
quency 11 of elastic membrane 30a matches the frequency of
the intake pulsation at the first frequency, second resonance
frequency 12 of elastic membrane 30b matches the frequency
of the intake pulsation at the second frequency, third reso-
nance frequency 13 of elastic membrane 30c matches the
frequency of the intake pulsation at the third frequency, and
fourth resonance frequency 14 of elastic membrane 30d
matches the frequency of the intake pulsation at the fourth
frequency.

Here, the first frequency 1s lower than the second
quency, the second frequency 1s lower than the third
quency, and the third frequency 1s lower than the fourth fre-
quency. That 1s, the first frequency, second frequency, third
frequency and fourth frequency satisiy the following relation-
ship: first frequency<second frequency<third
frequency<tourth frequency.

The first frequency 1s the frequency of the intake pulsation
generated when the engine rotates at a prescribed rotational
velocity R1, the second frequency i1s the frequency of the
intake pulsation generated at a prescribed rotational velocity
R2, the third frequency 1s the frequency of the intake pulsa-
tion generated at a prescribed rotational velocity R3, and the
fourth frequency 1s the frequency of the intake pulsation
generated at a prescribed rotational velocity R4.

Here, R1 1s a rotational velocity lower than R2, R2 1s a
rotational velocity lower than R3, and R3 is a rotational
velocity lower than R4. That 1s, rotational velocities R1, R2,

R3, R4 satisiy the following relationship: R1<R2<R3<R4.
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The remaining structure of composite member 16 and
device 1 1s substantially the same as that of in the first embodi-
ment.

The operation of device 1 that amplifies the suction noise
according to the second embodiment will now be described.
In the following description, because the structure of every-
thing besides composite membrane 16 1s substantially the
same as 1n the first embodiment, only the operation of differ-
ent parts will be explained.

When engine 8 1s started, the intake pulsation generated 1n
conjunction with the intake operation of engine 8 1s propa-
gated via intake manifold 28 and surge tank 26 into the air
inside clean-side mtake duct 18 (see FIG. 2).

While engine 8 1s running, as the amount of accelerator
pedal depression 1s increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased (hereinafter to be referred to
as the acceleration mode). As a result, while the rotational
velocity of engine 8 1s increased, the intake vacuum generated
in the air inside mtake duct 10 rises (see FIG. 2).

When the engine 1s accelerating and the rotational velocity
1s R1, the intake pulsation at the first frequency, among the
plural intake pulsations at different frequencies that form the
intake pulsatlen generated n COIl_]llIlCthIl with the intake
operation of engine 8, 1s propagated via connecting pipe 12 to
the composite membrane 16.

Because the frequency of the intake pulsation at the first
frequency matches {first resonance frequency 11 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 eclastic membrane 30a
vibrates in the out-of-plane direction of composite membrane
16, 1t causes pressure variations in the air in additional pipe 14
on the side of composite membrane 16 that 1s open to the
external air, and these air pressure variations become noise
that 1s emitted to the external air side, such that the suction
noise 1s amplified.

When the amount of accelerator pedal depression 1s further
increased, that 1s, when the rotational velocity of the engine 1s
at R2, from among the plural intake pulsations at different
frequencies that form the intake pulsation 1n conjunction with
the intake operation of engine 8, the intake pulsation at the
second frequency 1s propagated via connecting pipe 12 to the
composite membrane 16 (elastic membrane).

Because the frequency of the intake pulsation at the second
frequency matches second resonance frequency 12 of elastic
membrane 30b only elastic membrane 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 membrane 16 and the end of additional pipe 14 that
1s open to the external air, and air pressure variations become
noise that 1s emitted to the external air side, thereby amplify-
ing the suction noise.

When the amount of accelerator pedal depression 1s further
increased, that 1s, when the rotational velocity of the engine 1s
at R3, among the plural intake pulsations at different frequen-
cies that form the intake pulsation in conjunction with the
intake operation of engine 8, the intake pulsation at the third
frequency 1s propagated via connecting pipe 12 to composite
membrane 16.

Because the frequency of the intake pulsation at the third
frequency matches third resonance frequency 13 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 direction of composite membrane
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16, pressure varnations result 1n the air 1n the region between
composite membrane 16 and the end of additional pipe 14 that
1s open to the external air, and said air pressure variations
become noise that 1s emitted to the external air side, such that
suction noise 1s amplified.

When the amount of accelerator pedal depression 1s further
increased, that 1s, when the rotational velocity of the engine 1s
at R4, among the plural intake pulsations at different frequen-
cies that form the intake pulsation 1 conjunction with the
intake operation of engine 8, the intake pulsation at the fourth
frequency 1s propagated via connecting pipe 12 to composite
membrane 16 (elastic membrane member).

Because the frequency of the intake pulsation at the fourth
frequency matches fourth resonance frequency 14 of elastic
membrane 30d, only elastic membrane 30d among elastic
membranes 30a-30d vibrates in the out-of-plane direction of
composite membrane 16 (elastic membrane member). When
clastic membrane 30d vibrates 1n the out-of-plane direction of
composite membrane 16, pressure variations result 1n the air
in the region between composite membrane 16 and the end of
additional pipe 14 that 1s open to the external air, and the air
pressure variations become noise that 1s emitted to the exter-
nal air side, thereby amplifying the suction noise.

Consequently, 1mn the acceleration mode, elastic mem-
branes 30a-30d with different resonance frequencies vibrate
in the out-of-plane direction of composite membrane 16 cor-
responding to the variation 1n rotational velocity of engine 8.
As a result, the suction noise at the first frequency, the suction
noise at the second frequency, the suction noise at the third
frequency and the suction noise at the fourth frequency are
amplified, and the amplified suction noise 1s emitted to the
external air side from the opening at the second end of addi-
tional pipe 14 (see FIG. 2).

When the amplified suction noise 1s emitted to the external
air side from the second opening of additional pipe 14, the
emitted suction noise 1s propagated via the air into vehicle
passenger compartment 2, so that an impressive suction noise
1s transmitted into vehicle passenger compartment 2 (see FIG.
1).

Variations of the Second Embodiments

Viewing device 1 that amplifies the suction noise in the
second embodiment, 1n the thickness direction of composite
membrane 16, it may be seen that composite membrane 16 1s
composed of four elastic membranes 30a-30d. However, the
second embodiment 1s not limited to this scheme. That 1s,
viewing in the thickness 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 com-
posite membrane 16 with just four elastic membranes 30a-
30d as viewed 1n the thickness direction of composite mem-
brane 16.

Viewing the device 1 for amplifying suction noise in the
second embodiment 1n the thickness direction of composite
membrane 16, composite membrane 16 1s comprised of four
clastic membranes 30a-30d. Elastic membranes 30a-30d are
tormed with different areas, and their resonance frequencies
for vibration 1n the out-of-plane direction of composite mem-
brane 16 are different from each other.

As aresult, by selecting the different areas of elastic mem-
branes 30a-30d according to resonance frequencies of vibra-
tion 1n the out-of-plane direction of composite membrane 16,
it 1s possible to set the respective resonance Irequencies of
clastic membranes 30a-30d at the desired resonance frequen-
CIECS.

Consequently, compared with the device for amplifying
the suction noise of a vehicle 1n the first embodiment, that 1s,
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the device for amplifying the suction noise of a vehicle having
three elastic membranes as viewed 1n the thickness direction,
it 1s possible to further expand the frequency range where the
suction noise can be amplified, and it 1s possible to improve
the sound quality of the suction noise transmitted into vehicle
passenger compartment 2.

Third Embodiment

Referring to FIGS. 8 and 9, a third embodiment will be
explained. FIGS. 8 and 9 are diagrams illustrating the struc-
ture ol device 1 that amplifies suction noise in the third
embodiment. FIG. 8 1s a diagram 1illustrating the structure of
composite membrane 16, and FIG. 9 1s a cross section taken
across X-Y 1n FIG. 8.

As shown 1n FIGS. 8 and 9, the structure of device 1 that
amplifies suction noise 1n the third embodiment 1s substan-
tially the same as that of the first embodiment except for the
structure ol composite membrane 16. That 1s, the rigidity
changing portion for composite membrane 16 in the third
embodiment, 1s formed of convex portions 40 formed on the
surface of composite membrane 16 on the intake duct side.

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 1s
installed in connecting pipe 12. The thickness of composite
membrane 16 where convex portions 40 are formed 1s sub-
stantially equal to the thickness of the remaining portions.
That 1s, composite membrane 16 1s formed with a generally
uniform thickness throughout. Composite membrane 16 with
convex portions 40 formed thereon, may be formed by 1nte-
gral molding using dies.

The remainder of the structure of device 1 1s generally the
same as that of the first embodiment.

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 mem-
brane 16 1s substantially the same as in the first embodiment,
only the operation of the different portions will be explained
in detail.

When engine 8 1s started, the intake pulsation generated 1n
conjunction with the intake operation of engine 8 1s propa-
gated via imntake manifold 28 and surge tank 26 into the air
inside clean-side mtake duct 18 (see FIG. 2).

While engine 8 1s running, as the amount of accelerator
pedal depression 1s increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased (hereinaiter to be referred to
as acceleration mode). As a result, while the rotational veloc-
ity of engine 8 1s increased, the intake vacuum generated for
the air 1in 1ntake duct 10 rises (see FI1G. 2).

In the acceleration mode, when the amount of accelerator
pedal depression 1s changed, the rotational velocity of the
engine 1s changed. As a result, elastic membranes 30a-30c
with different resonance frequencies vibrate in the out-oi-
plane direction of composite membrane 16 corresponding to
the change in rotational velocity of engine 8. As a result,
pressure variations occur in the air in the region between
composite membrane 16 and the end of additional pipe 14 that
1s open to the external air. The air pressure variations are
emitted as noise 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 (see FIG.
2).

When the amplified suction noise 1s emitted to the external
air side from the opening at the second end of additional pipe
14, the emitted suction noise 1s propagated via the air into
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vehicle passenger compartment 2, so that an impressive suc-
tion noise 1s transmitted 1nto vehicle passenger compartment

2 (see FI1G. 1).
Variations of the Third Embodiment

As viewed 1n the radial direction of composite membrane
16, device 1 that amplifies the suction noise 1n 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

1s substantially uniform throughout when the shape 1s formed.
However, the third embodiment 1s not limited to this scheme.

For example, as shown in FIG. 10A, a scheme may also be
adopted 1in which the thickness of the portions of composite
membrane 16 where convex portions 40 are positioned 1s
thicker than the remaining portions. Also, as shown in FIG.
10B, a scheme may also be adopted 1n which convex portions
40 are each generally U-shaped as viewed 1n the radial direc-
tion of composite membrane 16, and the thickness of com-
posite membrane 16 1s substantially uniform throughout. In
addition, for example, as shown 1n FIG. 10C, a scheme may
be adopted 1n which convex portions 40 are each U-shaped
projecting toward the 1intake duct side as viewed 1n the radial
direction of composite membrane 16, and the thickness of
composite membrane 16 where convex portions 40 are
formed 1s thicker than the remaiming portions.

The ngidity changing portions 1n device 1 that amplifies
suction noise 1n the present embodiment consist of convex
portions 40 formed on the surface of composite membrane 16
on the intake duct side. The third embodiment 1s not limited to
this scheme, however. For example, as shown 1n FIGS. 11A
and 11C, the nigidity changing portions may also comprise
generally concave portions 42 formed in the surface of com-
posite membrane (elastic membrane member) 16 on the
intake duct side. And, as shown in FIGS. 11B and 11D, a
scheme may also be adopted 1n which the ngidity changing
portions comprise generally convex portions 40 formed on
the surface of composite membrane 16 on the external air
side.

The device 1 for amplitying 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 resullt,
composite membrane 16 may be formed with plural elastic
membranes by means of a simple structure.

As a result, 1t 1s possible to prevent increased manufactur-
ing costs for composite membrane 16, to prevent increased
manufacturing costs for the device 1 for amplitying the suc-
tion noise of a vehicle, and to improve the producibility of the
device for amplitying the suction noise of a vehicle.

Fourth Embodiment

Referring to FIGS. 12 and 13, a fourth embodiment will be
explained. FIGS. 12 and 13 are diagrams illustrating the
structure ol composite membrane 16 for device 1 that ampli-
fies suction noise in the fourth embodiment. FIG. 13 1s a cross
section ol composite member 16 taken across Y-Y in FIG. 12.

As shown 1in FIGS. 12 and 13, the structure of device 1 that
amplifies suction noise 1n the fourth embodiment 1s generally
the same as that of the first embodiment except for the struc-
ture of composite membrane 16. That 1s, the rigidity changing,
portion of composite membrane 16 in the fourth embodiment
1s 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.
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Viewed 1n the radial direction of composite membrane 16,
cach convex portion 40 1s generally nV-shaped and projects
toward the mtake duct side. The thickness of the portions of
composite membrane 16 where convex portions 40 are
formed 1s substantially equal to the thickness of the remaining
portions. That 1s, thickness of composite membrane 16 1s
substantially uniform throughout.

Core member 44 1s made of a wire material more rigid than
composite membrane 16, and it 1s arranged on the surface of
composite membrane 16 on the external air side.

The remainder of the structure of device 1 1s generally the
same as that of the first embodiment 1.

In the following description, the operation of device 1 that
amplifies suction noise 1n the fourth embodiment will be
explained. Because the structure of everything besides com-
posite membrane 16 1s generally the same as in the first
embodiment, only the operation of the different portions will
be explained 1n detail.

When engine 8 1s started, the intake pulsation generated 1n
conjunction with the intake operation of engine 8 1s propa-
gated via intake manifold 28 and surge tank 26 into the air
inside clean-side intake duct 18 (see FIG. 2).

While engine 8 1s running, as the amount of accelerator
pedal depression 1s increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased (hereinatiter to be referred to
as acceleration mode). As a result, while the rotational veloc-
ity of engine 8 1s increased, the intake vacuum generated 1n
the air inside intake duct 10 rises (see FIG. 2).

In the acceleration mode, when the amount of accelerator
pedal depression 1s changed, the rotational velocity of the
engine 1s changed. As a result, elastic membranes 30a-30c¢
with different resonance frequencies vibrate 1n the out-oi-
plane direction of composite membrane 16 corresponding to
changes 1n the rotational velocity of engine 8. As a result,
pressure variations develop in the air 1n the region between
composite membrane 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 corre-
sponding to the second frequency, and the suction noise cor-
responding to the third frequency are amplified, and the
amplified suction noise 1s emitted to the external air side from
the second opening of additional pipe 14 (see FIG. 2).

When the amplified suction noise 1s emitted to the external
air side from the second opening of additional pipe 14, the
emitted suction noise 1s propagated via the air into vehicle
passenger compartment 2, so that an impressive suction noise

1s transmitted 1nto vehicle passenger compartment 2 via dash
panel 4 (see FIG. 1).

Variations of the Fourth Embodiment

Convex portions 40 formed on composite membrane 16 of
device 1 that amplifies the suction noise 1 the present
embodiment are each generally V-shaped and project to the
intake duct side as viewed 1n the radial direction of composite
membrane 16. The thickness of composite membrane 16 1s
substantially uniform throughout when the shape 1s formed,
and core member 44 1s arranged on the surface of composite
membrane 16 on the external air side. However, the fourth
embodiment 1s not limited to this scheme. For example, as
shown 1n FIG. 14A, a scheme may also be adopted 1n which
the thickness of composite film 16 where convex portions 40
are set 1s greater than in the remaining portions, with core
member 44 being arranged mside convex portions 40 set on
composite membrane 16. Also, as shown 1 FIG. 14B, a
scheme may also be adopted in which each convex portion 40
1s generally U-shaped as viewed 1n the radial direction of
composite membrane 16. In addition, for example, as shown
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in FIG. 14C, a scheme may also be adopted 1in which each
convex portion 40 of composite film 16 1s generally U-shaped
and projects toward the intake duct side as viewed from the
radial direction of composite membrane 16, and the compos-
ite membrane 16 1s formed thicker where convex portions 40
are set than 1n the remaining portions, with core member 44
being arranged inside the convex portions 40.

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

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 mtake duct side, and the convex portions
cach have a core member.

Thus composite membrane 16 may be formed with plural
clastic membranes with a simple structure, and at the same
time, the strength of the convex portions 40 may be increased.

As aresult, 1t 1s possible to increase the producibility of the
device 1 for amplitying the suction noise of a vehicle, and at
the same time, the strength of composite membrane 16 may
be increased compared to that in the device for amplitying the
suction noise of a vehicle 1n the third embodiment, so that the
durability of composite membrane 16 may be improved.

Fitth Embodiment

Referring to FIG. 16, a fifth embodiment will be explained.
FIG. 16 1s a diagram 1llustrating the structure of composite
member 16 of device 1 that amplifies suction noise i the
present embodiment.

As shown 1n FIG. 16, the structure of device 1 that ampli-
fies suction noise in the fifth embodiment 1s substantially the
same as that of the first embodiment except for the structure of
composite membrane 16. That 1s, elastic membranes 30a-30c¢
of composite membrane 16 1n 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 defor-
mation and stress are proportional to each other, the modulus
1s the proportionality coelfficient, and it depends on the mate-
rial. Also, ngidity refers to the proportionality coetficient
between a bending and twisting force applied to a structural
body and the overall change 1n the structural body. The factors
determining rigidity include the modulus of the matenial, the
dimensions, and the shape of the structure. For example,
when a material with a higher modulus 1s used, the rigidity 1s
higher. When a single material 1s used, the thicker the sheet,
the higher the ngidity. Also, the rigidity changes depending,
on the three-dimensional shape of the member that is
obtained by pressing processes.

The modulus of elastic membrane 30a 1s lower than the
modulus of elastic membrane 30b, and the modulus of elastic
membrane 30b 1s lower than the modulus of elastic membrane
30c. Consequently, rigidity Ra of elastic membrane 30a 1s
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lower than ngidity Rb of elastic membrane 30b, and rigidity
Rb of elastic membrane 30b 1s lower than rigidity Rc of
clastic membrane 30c.

That 1s, the following relationship 1s established for elastic
membranes 30a-30c: Ra>Rb>Rc.

Here, because elastic membranes 30a-30c have different
rigidities, their resonance frequencies for vibration in the
out-of-plane direction of composite membrane 16 are differ-
ent from each other. Also, elastic membrane 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. Consequently, for elastic membranes 30a-30c,
assuming the resonance frequency of elastic membrane 30a
to be first resonance frequency 11, the resonance frequency of
clastic membrane 30b to be second resonance frequency 12,
and the resonance frequency of elastic membrane 30c to be

third resonance frequency 13, the relationship 11<12<13 1s
established.

In composite membrane 16 of the fifth embodiment, elastic
membranes 30a-30c are made of materials having different
modulus values. As a result, the structure 1s divided into three
clastic membranes 30a-30¢ without providing slots or other
rigidity changing portions on the intake duct side of compos-
ite membrane 16.

The remaining features of the structure of the device 1 are
substantially the same as those 1n the first embodiment.

In the following, the operation of device 1 that amplifies the
suction noise 1n the fifth embodiment will be explained.
Because the structure of everything besides composite mem-
brane 16 1s substantially the same as that in the first embodi-
ment, only the operation of the different portions will be
explained 1n detail.

When engine 8 1s started, the intake pulsation generated 1n
conjunction with the intake operation of engine 8 1s propa-
gated via intake manifold 28 and surge tank 26 into the air
inside clean-side intake duct 18 (see FIG. 2).

While engine 8 1s running, as the amount of accelerator
pedal depression 1s increased, the airflow rate from air cleaner
22 to surge tank 26 1s increased (hereinafter to be referred to
as acceleration mode). As a result, while the rotational veloc-
ity of engine 8 1s increased, the intake vacuum generated 1n
the air inside intake duct 10 rises (see FIG. 2).

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

As a result, in the acceleration mode, as the amount of
accelerator pedal depression 1s changed, the rotational veloc-
ity of the engine 1s changed. As a result, elastic membranes
30a-30c with different resonance frequencies vibrate in the
out-of-plane direction of composite membrane 16 corre-
sponding to changes 1n the rotational velocity of engine 8.

As a result, the intake pulsation at the first frequency, the
intake pulsation at the second frequency and the intake pul-
sation at the third frequency are amplified, and the amplified
suction noise 1s emitted to the external air side from additional
pipe 14 (see FI1G. 2).

When the amplified suction noise 1s emitted to the external
air side from the opening at the other end of additional pipe
14, the emitted suction noise 1s propagated via the air into
vehicle passenger compartment 2, so that an impressive suc-
tion noise 1s transmitted 1nto vehicle passenger compartment

2 via dash panel 4 (see FIG. 1).

Variations of the Fifth Embodiment

In the fifth embodiment, elastic membranes 30a-30c of
device 1 that amplifies the suction noise have rigidities dii-



US RE42,490 E

17

terent from each other, so that their resonance frequencies for
vibration in the out-of-plane direction of composite mem-
brane 16 are different from each other. However, the fifth
embodiment 1s not limited to this scheme. That 1s, a scheme
may also be adopted 1n which elastic membranes 30a-30c are
made of materials having different mass values, so that they
have different resonance frequencies for vibration in the out-
of-plane direction 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-oi-plane direction
ol composite membrane 16.

For composite membrane 16 1n the fifth embodiment, elas-
tic membranes 30a-30c are made of materials having ditfer-
ent modulus values. As a result, the structure 1s provided with
three divided elastic membranes 30a-30c without setting slots
or other rigidity changing portions on the intake duct side of
composite membrane 16. However, the fifth embodiment 1s
not limited to this scheme. For example, a scheme may also be
adopted 1n which composite membrane 16 1s composed of
three separated elastic membranes 30a-30c by forming slots
or other rnigidity changing portions on the surface of compos-
ite membrane (elastic membrane member) 16 on the intake
duct side, just as 1n any of the previous embodiments.

Viewed in the thickness direction of composite membrane
16, composite membrane 16 of the device 1 for amplifying the
suction noise of a vehicle 1n the fifth embodiment 1s com-
posed of three elastic membranes. Because the elastic mem-
branes have different rigidity values, their resonance frequen-
cies for vibration in the out-of-plane direction of composite
membrane 16 are different from each other.

As a result, 1n the acceleration mode, the various elastic
membranes vibrate in the out-of-plane direction of composite
membrane 16 corresponding to changes in the rotational
velocity of engine 8.

Consequently, the intake pulsation at the first frequency,
the intake pulsation at the second frequency and the intake
pulsation at the third frequency are amplified corresponding,
to changes 1n the rotational velocity of engine 8, and the
amplified suction noise 1s emitted to the external air side from
the second opening of the additional pipe. The emitted suc-
tion noise 1s propagated via dash panel 4 1nto vehicle passen-
ger compartment 2, and an impressive suction noise 1s trans-
mitted into vehicle passenger compartment 2.

As a result, it 1s possible to generate plural resonance
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 freedom of layout design may be
improved, and device 1 may be adopted for vehicles with
different body sizes or different structures.

Also, as viewed 1n the thickness direction, composite mem-
brane 16 of the device 1 for amplifying suction noise in the
fifth embodiment 1s composed of three elastic membranes,
and these elastic membranes are made of materials with dii-
terent modulus values, so that they have different frequencies
for vibration 1n the out-of-plane direction of composite mem-
brane 16.

Consequently, by selecting the modulus values of the elas-
tic membranes corresponding to the respective resonance
frequencies for vibration in the out-of-plane direction of com-
posite membrane 16, it 1s possible to set the resonance ire-
quencies of the elastic membranes at the respective desired
resonance frequencies.

As aresult, 1t 1s possible to set the resonance frequencies of

the various elastic membranes for vibration in the out-of-
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plane direction of composite membrane 16 at plural desired
frequencies, and 1t 1s possible to expand the range of ire-
quency bands where amplification of the suction noise may be
realized. As a result, 1t 1s possible to improve the sound
quality of the suction noise transmitted into vehicle passenger
compartment 2.
Also, because composite membrane 16 1n the device 1 for
amplifying the suction noise of a vehicle 1n the fifth embodi-
ment has elastic membranes made of materials having difier-
ent modulus values, composite membrane 16 1s constituted as
three separated elastic membranes without the provision of
slots or other rigidity changing portions on the surface of
composite membrane 16 on the intake duct side.
Consequently, the durability of composite membrane 16 1s
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.
The preceding description has been presented only to 1llus-
trate and describe exemplary embodiments of the o1l return
device according to the claimed invention. It1s not intended to
be exhaustive or to limit the mvention to any precise form
disclosed. It will be understood by those skilled 1n the art that
various changes may be made and equivalents may be sub-
stituted for elements thereof without departing from the scope
of the mvention. In addition, many modifications may be
made to adapt a particular situation or material to the teach-
ings of the invention without departing from the essential
scope. Therefore, it 1s intended that the invention not be
limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but that
the mvention will include all embodiments falling within the
scope of the claims. The mvention may be practiced other-
wise than 1s specifically explained and illustrated without
departing from its spirit or scope. The scope of the invention
1s limited solely by the following claims.
What 1s claimed 1s:
1. A method for amplitying the suction noise of a vehicle,
comprising;
passing variations in air pressure transmitted into an engine
intake port through a pipe that 1s connected to an engine,
the vaniations 1n air pressure resulting 1n intake pulsa-
tions having one of at least two different frequencies;

resonating a first elastic member of a composite membrane
at one of the at least two different frequencies;

resonating a second elastic member of the composite mem-
brane at the other one of the at least two different fre-
quencies; and

varying the air pressure transmitted to an external air side

in response to one of the resonated first elastic member
and the resonated second elastic member.

2. 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 composite membrane blocks an 1nte-
rior passage formed 1n the connecting pipe, wherein the
composite membrane includes at least two elastic mem-
branes with one of masses and rigidities that differ from
each other, each of the at least two elastic membranes
vibrating 1n response to a different intake pulsation fre-
quency.

3. The device for amplitying the suction noise of a vehicle
described in claim 2, wherein the composite membrane fur-
ther comprises a rigidity changing portion formed between
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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.

4. The device for amplifying the suction noise of a vehicle
described 1n claim 3, wherein the rigidity changing portion 1s
one of a convex portion and concave portion formed on the
surtace of the composite membrane.

5. The device for amplitying the suction noise of a vehicle
described 1n claim 3, wherein the rigidity changing portion
turther comprises a core member with a rigidity higher than
that of the elastic membranes.

6. The device for amplifying the suction noise of a vehicle
described in claim 3, wherein the rigidity changing portion
turther comprises:

at least an annular rigidity changing portion of one of a

circular and elliptical shape and arranged inward of an
outer periphery of the composite membrane, and

radial rigidity changing portions that extend from said

annular rigidity changing portion to the outer periphery
of the composite membrane, and

which divide the region between the portion surrounded by

the annular ngidity changing portion and the outer
periphery of the composite membrane 1nto at least two
portions.

7. The device for amplitying the suction noise of a vehicle
described claim 3 wherein the at least two elastic membranes
have different areas from each other.

8. The device for amplifying the suction noise of a vehicle
described claim 7 wherein the rigidity changing portion refers
to one of a convex portion and concave portion formed on a
surface of the composite membrane.

9. The device for amplifying the suction noise of a vehicle
described in claim 7 wherein the rigidity changing portion
turther comprises a core member with a rigidity higher than
that of the elastic membranes.

10. The device for amplitying the suction noise of a vehicle
described in claim 7 wherein the rigidity changing portion
turther comprises:

at least an annular rigidity changing portion of one of a

generally circular and elliptical shape that 1s arranged
inward of an outer periphery of the composite mem-
brane, and
radial ngidity changing portions that extend from the annu-
lar rigidity changing portion to the outer periphery of the
composite membrane, and
which divide the region between the portion surrounded by
the annular ngidity changing portion and the outer

periphery of the compo site membrane 1nto at least two
portions.

11. The device for amplitying the suction noise of a vehicle
described in claim 2, wherein at least two elastic membranes
are made of materials having one of different moduli and
densities from each other.

12. The device for amplitying the suction noise of a vehicle
described 1n claim 11 wherein:

the composite membrane has a rigidity changing portion

formed between the at least two elastic membranes, with
the ngidity of the ngidity changing portion being differ-
ent from that of the at least two elastic membranes.

13. The device for amplifying the suction noise of a vehicle
described in claim 12, wherein the rigidity changing portion
1s one ol a convex portion and concave portion formed on the
surface of the composite membrane.
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14. The device for amplifying the suction noise of a vehicle
described 1n claim 12 wherein the rigidity changing portion
further comprises a core member with a rigidity higher than
that of the elastic membranes.

15. The device for amplifying the suction noise of a vehicle
described 1n claim 12 wherein the rigidity changing portion
turther comprises:

at least an annular rigidity changing portion of one of a

generally circular and elliptical shape that 1s arranged
inward of an outer periphery of the composite mem-
brane, and
radial rigidity changing portions that extend from the annu-
lar rigidity changing portion to the outer periphery of the
composite membrane, and
which divide the region between the portion surrounded by
the annular nigidity changing portion and the outer
periphery of the composite membrane 1nto at least two
portions.

16. The device for amplifying the suction noise of a vehicle
described in claim 12 wherein the at least two elastic mem-
branes have different thicknesses from each other.

17. The device for amplifying the suction noise of a vehicle
described 1n claim 16 wherein the composite membrane fur-
ther 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.

18. The device for amplifying the suction noise of a vehicle
described in claim 17 wherein the rigidity changing portion 1s
one of a convex portion and concave portion formed on a
surface of the compo site membrane.

19. The device for amplifying the suction noise of a vehicle
described 1n claim 17 wherein the rigidity changing portion
further comprises a core member with a rigidity higher than
that of the elastic membranes.

20. The device for amplitying the suction noise of a vehicle
described 1n claim 17 wherein 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 composite mem-
brane, and
radial rigidity changing portions that extend from the annu-
lar rigidity changing portion to the outer periphery of the
composite membrane, and
which divide the region between the portion surrounded by
the annular ngidity changing portion and the outer

periphery of the composite membrane nto at least two
portions.

21. A device for amplitying the suction noise of a vehicle,

comprising;

intake means for feeding air to an engine intake port,

pipe means fluidly connected to the intake means, and

composite membrane means positioned within the pipe
means, wherein the composite membrane means blocks
an 1nterior passage formed in the pipe means, wherein
the composite membrane means includes at least two
clastic membranes with one of masses and rigidities that
differ from each other, each of the at least two elastic
membranes adapted to vibrate in response to a different
intake pulsation frequency.
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