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(54) STRADDLED VEHICLE

(57)  There is disclosed a motorcycle (100) with an
engine (30), an air cleaner (10) and an intake pipe (50);
the intake pipe (50) being configured to be one portion of
anintake path guiding air that has been cleaned by the air
cleaner (10) to the engine (30); intake pipe (50) further
having an upstream portion (51) disposed in a clean
section of an inner space of air cleaner (10), a down-
stream portion (52) disposed outside of air cleaner (10),
and an attached portion (53) that is located between the
upstream portion (51) and the downstream portion (52) of

FIG.3

intake pipe (50) and attached to an outer wall of air
cleaner (10); the upstream portion (52) of the intake pipe
(50) including a funnel portion (511) that opens to the
inner space of air cleaner (10) and a pipe portion (512)
that connects a funnel portion (511) and the attached
portion (53) to each other; one or a plurality of through
holes (59) being formed in a portion (512), thatis closer to
the attached portion (53) than the funnel portion (511), in
the pipe portion (512).
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Description
Technical Field

[0001] The present disclosure relates to a straddled
vehicle having an engine and an air cleaner.

Prior Art

[0002] When a straddled vehicle including an engine
travels, airis introduced into the engine, so that an intake
sound is generated. The magnitude of the generated
intake sound is defined according to an air path that
guides air outside of the vehicle to the engine and a
working state of the engine.

[0003] A significantly loud intake sound is preferably
reduced as much as possible as a noise. Various con-
figurations have been proposed to reduce an intake
sound. For example, a motorcycle described in JP
2010-127076 A has a resonator for reducing an intake
sound. Specifically, the motorcycle described in JP
2010-127076 Ahas an engine and an air cleaner. Further,
the motorcycle includes a duct portion, in a front portion of
the vehicle, that guides air flowing from a position farther
forward than the vehicle to the air cleaner. The resonator
is attached to the duct portion. The inner space of the duct
portion and the inner space of the resonator communi-
cate with each other via a coupling pipe. An intake sound
is reduced by resonation of a sound generated when air
flows into the resonator from the duct portion and a sound
generated when air flows into the air cleaner from the duct
portion.

[0004] Due to the above-mentioned mechanism, the
resonator is required to have an inner space with a
predetermined capacity corresponding to an intake
sound to be reduced. Therefore, the resonator has a
constantsize. As such, the resonator described in Patent
Document 1 is formed to have an inner space with a
predetermined capacity and to have a shape correspond-
ing to the positional relationship with other members
(headlights and the like) provided around the duct por-
tion. However, the configuration of the resonator fabri-
cated in this manner is likely to be complicated. On the
other hand, in a case in which the resonator has a pre-
determined shape, the size of the constituent elements in
the peripheral portion of the intake path is likely to be
increased in order to suppress the interference between
the resonator, and the intake path of the engine and the
peripheral members thereof.

Description of the invention

[0005] An object of the present disclosure is to provide
a straddled vehicle in which a configuration of a periph-
eral portion of an intake path is simplified and made
compact and which can reduce an intake sound.

[0006] A straddled vehicle according to one aspect of
the present disclosure includes an engine, an air cleaner
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that cleans air to be supplied to the engine, and an intake
pipe that is configured to be one portion of an intake path
guiding air that has been cleaned by the air cleaner to the
engine, wherein the intake pipe has an upstream portion
disposed in a clean section of an inner space of the air
cleaner, adownstream portion disposed outside of the air
cleaner, and an attached portion that is located between
the upstream portion and the downstream portion in the
intake pipe and is attached to an outer wall of the air
cleaner, the upstream portion includes a funnel portion
that opens to the inner space of the air cleaner, and a pipe
portion that connects the funnel portion and the attached
portion to each other, and one or a plurality of through
holes are formed in a portion, that is closer to the attached
portion than the funnel portion, in the pipe portion.
[0007] Withthe presentdisclosure, the configuration of
the peripheral portion of the intake path can be simplified
and made compact, and an intake sound can be reduced.
[0008] Other features, elements, characteristics, and
advantages of the present disclosure will become more
apparent from the following description of preferred em-
bodiments of the present disclosure with reference to the
attached drawings.

Brief description of the drawings
[0009]

Fig. 1is a one-side view of a motorcycle according to
one embodiment of the present disclosure;

Fig. 2is an enlarged plan view of a front half portion of
the motorcycle of Fig. 1;

Fig. 3 is a cross-sectional view of the motorcycle of
Fig. 2 taken along the line A-A;

Fig.4isadiagram of an air cleaner of Fig. 2 as viewed
from a position rearward of the vehicle;

Fig. 5 is a schematic side view of a left intake pipe of
Fig. 2 as viewed from a position leftward of the
motorcycle;

Fig. 6 is a schematic side view of a rightintake pipe of
Fig. 2 as viewed from a position rightward of the
motorcycle;

Fig. 7 is a graph showing the test results of an intake
sound level measurement experiment;

Fig. 8 is a schematic diagram showing a list of con-
figurations of first to ninth intake pipes according to
an intake pipe characteristic evaluation experiment;
Fig. 9 is a schematic diagram showing the list of
configurations of the first to ninth intake pipes ac-
cording to the intake pipe characteristic evaluation
experiment;

Fig. 10is a graph representing a frequency response
function of a sound output from each of the first to
ninth intake pipes according to the intake pipe char-
acteristic evaluation experiment;

Fig. 11 is a graph representing the relationship be-
tween the peak frequencies of the first to ninth intake
pipes according to the intake pipe characteristic
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evaluation experiment and the total opening area of
the one or plurality of through holes in the first to ninth
intake pipes;

Fig. 12 is a graph representing the relationship be-
tween the output of a crankshaft and an engine
rotation speed measured in an engine intake perfor-
mance confirmation experiment; and

Fig. 13 is a graph representing the relationship be-
tween a torque of the crankshaft and the engine
rotation speed measured in the engine intake per-
formance confirmation experiment.

Embodiments of the invention

[0010] A straddled vehicle according to one embodi-
ment of the present disclosure will be described below
with reference to the drawings. A motorcycle will be
described as one example of the straddled vehicle.

1. Schematic Configuration of Motorcycle

[0011] Fig. 1is aone-side view of a motorcycle accord-
ing to one embodiment of the present disclosure. In Fig.
1, the motorcycle 100 standing up to be perpendicular to
the road surface is shown. In each of Fig. 1 and subse-
quent given diagrams, a forward-and-rearward direction
FB, a leftward-and-rightward direction LR and an up-
ward-and-downward direction UD of the motorcycle
100 are suitably indicated by the arrows. The direction
inwhich the arrow is directed in the forward-and-rearward
direction FB is referred to as forward, and its opposite
direction is referred to as rearward. Further, the direction
in which the arrow is directed in the leftward-and-right-
ward direction LR is referred to as leftward, and its
opposite direction is referred to as rightward. Further,
the direction in which the arrow is directed in the upward-
and-downward direction UD is referred to as upward, and
its opposite direction is referred to as downward. Further,
in each of Fig. 1 and subsequent given diagrams, refer-
ence characters F, B, L, R, U and D shown together with
the arrows indicating directions indicate forward, rear-
ward, leftward, rightward, upward and downward, re-
spectively.

[0012] The motorcycle 100 of Fig. 1 includes a metallic
body frame 1 and a rear frame 5. The front end portion of
the main frame 1 is configured to be a head pipe 1H. The
main frame 1 is formed to extend obliquely downwardly
while branching to the left and the right from the head pipe
1H. In the following description, a portion of the main
frame 1 extending leftwardly from the head pipe 1H is
referred to as a left frame 1A, and a portion of the main
frame 1 extending rightwardly from the head pipe 1H is
referred to as aright frame 1B (Fig. 2), as necessary. The
rear frame 5 is attached to the main frame 1 so as to
extend rearwardly and slightly upwardly from the rearend
portion of the main frame 1.

[0013] Afrontfork 2 is provided at the head pipe 1H to
be rotatable about the center axis of the head pipe 1H. A
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front wheel 3 is rotatably supported at the lower end
portion of the front fork 2. A handle 4 is provided at the
upper end portion of the front fork 2.

[0014] The main frame 1 supports an engine 30 at a
position farther downward than the head pipe 1H. The
engine 30 according to the present embodiment is a
parallel-twin engine, and has two combustion chambers
31A, 31B (Fig. 4) arranged in the leftward-and rightward
direction LR. An air cleaner 10 and a fuel tank 20 are
provided to be located upwardly of the engine 30 and
rearwardly ofthe head pipe 1H. The aircleaner 10 and the
fueltank 20 are arranged in this order from the front to the
rear with a space therebetween. The air cleaner 10 is
supported by the main frame 1, and the fuel tank 20 is
supported by the main frame 1 and the rear frame 5. A
seat 6 is provided above the fuel tank 20. The seat 6
extends in the forward-and-rearward direction FB from a
position above the fuel tank 20 to a position above a rear
half portion of the rear frame 5.

[0015] A throttle body 40 and two intake pipes 50 are
disposed between the air cleaner 10 and the fuel tank 20
in the forward-and-rearward direction FB. The throttle
body 40 is attached to a portion of the engine 30 where an
intake port is formed.

[0016] The two intake pipes 50 connect the air cleaner
10 and the throttle body 40 to each other, and are con-
figured to be portions of two intake paths VP (Fig. 4)
extending from the air cleaner 10 to the two combustion
chambers 31A, 31B (Fig. 4) of the engine 30. Further, the
two intake pipes 50 are formed of resin or rubber having
certain flexibility, and are disposed side by side in the
leftward-and-rightward direction LR. In Fig. 1, only one of
the intake pipes 50 (the left intake pipe 50) is shown.
[0017] When the motorcycle 100 is seen in side view,
large portions of the two intake pipes 50 overlap with the
main frame 1. In each intake pipe 50, a through hole 59 for
reducing an intake sound generated during work of the
engine 30 is formed. Details of the through hole 59 will be
described below. In the following description, the left
intake pipe of the two intake pipes 50 is referred to as
a left intake pipe 50A, and the right intake pipe of the two
intake pipes 50 is referred to as a right intake pipe 50B
(Fig. 2), as necessary.

[0018] Fig. 2 is an enlarged plan view of the front half
portion of the motorcycle 100 of Fig. 1. In Fig. 2, the outer
shape of the motorcycle 100 of Fig. 1 is indicated by the
one-dot and dash lines. Further, in Fig. 2, the constituent
elements other than the main frame 1, the air cleaner 10,
the fuel tank 20, the throttle body 40 and the two intake
pipes 50 are not shown to facilitate understanding of the
positional relationship between the two intake paths VP
(Fig. 4) and their peripheral members.

[0019] As shown in Fig. 2, when the motorcycle 100 is
seen in plan view, the air cleaner 10, the two intake pipes
50 and the throttle body 40 are disposed between the left
frame 1A and the right frame 1B in the leftward-and-
rightward direction LR. Further, when the motorcycle
100 is seen in plan view, the fuel tank 20 is disposed at
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a position farther rearward than the air cleaner 10 such
that the left and right side portions of the fuel tank 20
overlap with a rear portion of the left frame 1A and a rear
portion of the right frame 1B.

[0020] With such a configuration, the two intake pipes
50 connect the air cleaner 10 and the throttle body 40 to
each other through the space surrounded by the air
cleaner 10, the fuel tank 20, the left frame 1A and the
right frame 1B. In other words, the two intake pipes 50 are
provided so as to pass through the space limited by a
predetermined layout of the air cleaner 10, the fuel tank
20, the left frame 1A and the right frame 1B.

[0021] As shown in Fig. 1, at a position below the rear
frame 5, a rear arm 7 is provided so as to extend rear-
wardly from the rear end portion of the engine 30. A rear
wheel 8 is rotatably supported at the rear end portion of
the rear arm 7. The rear wheel 8 is rotated as a drive
wheel by motive power generated by the engine 30.

2. Details of Intake Path and its Peripheral Members

[0022] Fig. 3isacross-sectional view of the motorcycle
100 of Fig. 2 taken along the line A-A, and Fig. 4 is a
diagram of the air cleaner 10 of Fig. 2 as viewed from a
position rearward of the vehicle. In Fig. 3, the main frame
1 is not shown. On the other hand, Fig. 4 shows the air
cleaner 10 and the two intake pipes 50 (50A, 50B) con-
nected to the air cleaner 10. Further, in Fig. 4, the block
diagram of the engine 30 is shown, and a portion of the
intake path VP extending from the left intake pipe 50A to
the combustion chamber 31A and a portion of the intake
path VP extending from the right intake pipe 50B to the
combustion chamber 31B are schematically shown by
the one-dot and dash lines.

[0023] AsshowninFig.3,theaircleaner10includesan
air cleaner case 11 and afilter element 12. The air cleaner
case 11 has an inner space, and the filter element 12 is
accommodated in the inner space. The filter element 12
sections the inner space of the air cleaner case 11 into
two spaces which are a contamination section (dirty-side
space) DS and a clean section (clean-side space) CS.
[0024] Two airlead-in portions 13 (Fig. 4)for leading air
outside of the air cleaner 10 into the contamination sec-
tion DS are formed in the upper portion of the air cleaner
case 11. Further, in the rear portion of the air cleaner case
11, two air lead-out portions 14 (Fig. 4) for causing the
clean section CS to communicate with the space outside
of the air cleaner 10 are formed. The two air lead-out
portions 14 are circular openings formed in a portion of
the air cleaner case 11 (the outer wall of the air cleaner
10).

[0025] Asshownin Fig. 4, the two air lead-out portions
14 are arranged in the leftward-and-rightward direction
LR with a space there between. One portion of the left
intake pipe 50A is inserted into the left air lead-out portion
14 to be fixed. One portion of the right intake pipe 50B is
inserted into the right air lead-out portion 14 to be fixed.
The other portion of the left intake pipe 50A and the other
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portion of the right intake pipe 50B extend obliquely
downwardly while being curved outside of the air cleaner
10.

[0026] As shown in Fig. 3, the engine 30 according to
the present embodiment has a cylinder head SH. The
cylinder head SH is located in a front end portion of the
engine 30 with the engine 30 being supported by the main
frame 1. Two intake ports 32 are formed in the cylinder
head SH so as to open upwardly. The two intake ports 32
respectively correspond to the two combustion chambers
31A, 31B (Fig. 4), and are arranged in the leftward-and-
rightward direction LR.

[0027] The throttle body 40 is attached to a portion of
the cylinder head SH where the two intake ports 32 are
formed. The throttle body 40 includes two flow-path
forming pipes 41 respectively corresponding to the two
intake ports 32 of the engine 30. The two flow-path
forming pipes 41 are arranged in the leftward-and-right-
ward direction LR, similarly to the two intake ports 32.
[0028] Further, the throttle body 40 includes two throt-
tle valves 42, two injectors 43 and two valve actuators 44
that are respectively attached to the two flow-path form-
ing pipes 41. In the throttle body 40, the valve actuator 44
works in response to an operation of an accelerator grip
(not shown), and an opening of the throttle valve 42 is
adjusted. Further, a fuel injection state of the injector 43 is
adjusted by the control of an Engine Control Unit (ECU)
(not shown).

[0029] As described above, the two intake pipes 50
connectthe aircleaner 10 and the throttle body 40 to each
other. Thus, in the present embodiment, as indicated by
the light dotted patternin Fig. 3, the rightintake path VP is
configured to be the right intake pipe 50B, the right flow-
path forming pipe 41 of the throttle body 40 and the inner
space of the right intake port 32 of the engine 30. Further,
the left intake path VP is configured to be the left intake
pipe 50A, the left flow-path forming pipe 41 of the throttle
body 40 and the inner space of the leftintake port 32 of the
engine 30.

[0030] During work of the engine 30, air outside the
motorcycle 100 is introduced into the contamination sec-
tion DS of the air cleaner 10. The introduced air flows into
the clean section CS while being purified by the filter
element 12. In the clean section CS, the purified air flows
into the two intake pipes 50 through a funnel portion 511
and a through hole 59, described below, and is supplied
to the combustion chambers 31A, 31B of the engine 30.
[0031] The length of each intake path VP (the length of
each intake path VP in the axial direction) and the cross-
sectional area (flow-path cross-sectional area) of an
opening orthogonal to the axial direction of the intake
path VP are highly relevant to the air supply performance
to the engine 30 (hereinafter referred to as engine intake
performance). When the engine intake performance is
high, an output of the engine 30 is high. When the engine
intake performance is low, an output of the engine 30 is
low. Therefore, an output of the engine 30 in a case in
which the rotation speed of the engine 30 is within a
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predetermined rotation-speed range depends on the
length of each intake path VP. As such, in the present
embodiment, the length of each intake path VP is set
such that an output of the engine 30 in the predetermined
rotation-speed range is maintained high to some extent.
[0032] On the other hand, the length of each intake
path VP is highly relevant to a natural frequency of the
intake path VP. Therefore, when a natural frequency of
the intake path VP corresponding to a length set in
consideration of an output of the engine 30 overlaps with
the frequency band of a specific intake sound generated
by the intake path VP, the level (sound pressure level) of
an intake sound becomes significantly high. As such, in
the motorcycle 100 according to the present embodi-
ment, the through hole 59 is formed in the intake pipe
50 such that the natural frequency of each intake path VP
deviates from the frequency band of a specific intake
sound.

[0033] Details of the left intake pipe 50A will be de-
scribed below. Fig. 5 is a schematic side view of the left
intake pipe 50A of Fig. 2 as viewed from a position
leftward of the motorcycle 100. In Fig. 5, a pattern and
irregularities formed on the outer surface of the left intake
pipe 50A are not shown. Further, in Fig. 5, a portion of the
air cleaner case 11 (the outer wall of the air cleaner 10) is
indicated by the one-dot and dash lines.

[0034] As shown in Fig. 5, the left intake pipe 50A is a
cylindrical member formed to be curved from one end
portion to the other end portion, and includes an up-
stream portion 51, a downstream portion 52 and an
attached portion 53. The upstream portion 51 is a portion
disposed in the clean section CS of the air cleaner 10 with
the leftintake pipe 50A being connected to the air cleaner
10. The downstream portion 52 is a portion disposed in
the outer space ES of the air cleaner 10 with the left intake
pipe 50A being connected to the air cleaner 10. In the
axial direction of the left intake pipe 50A according to the
present embodiment, the length of the upstream portion
51 ofthe leftintake pipe 50Ais larger than 1/3 of the length
of the entire left intake pipe 50A and is smaller than 1/2 of
the length of the entire left intake pipe 50A.

[0035] The attached portion 53 is located between the
upstream portion 51 and the downstream portion 52, and
has a first annular convex portion 53a and a second
annular convex portion 53b. Each of the first annular
convex portion 53a and the second annular convex por-
tion 53b is formed in an annular shape so as to surround
the outer peripheral surface of the left intake pipe 50A.
The first annular convex portion 53a and the second
annular convex portion 53b are disposed with a minute
space therebetween in a direction in which a center axis
ca of the leftintake pipe 50A extends (the axial direction).
The distance between the first annular convex portion
53a and the second annular convex portion 53b is set
equal to or substantially equal to the thickness of the air
cleaner case 11. Further, the outer diameter of the portion
between the first annular convex portion 53a and the
second annular convex portion 53b in the left intake pipe
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50A is set equal to or substantially equal to the inner
diameter of each air lead-out portion 14 of the air cleaner
case 11.

[0036] Thus, when the motorcycle 100 is assembled,
the upstream portion 51 of the left intake pipe 50A is
inserted into the left air lead-out portion 14 (opening) of
the air cleaner case 11. Further, a portion of the air
cleaner case 11 where the left air lead-out portion 14 is
formed (the inner edge of the opening) is fitted between
the first annular convex portion 53a and the second
annular convex portion 53b of the left intake pipe 50A.
Thus, the leftintake pipe 50A is attached to the air cleaner
case 11. Inthis state, the downstream portion 52 is further
connected to the left flow-path forming pipe 41 of the
throttle body 40.

[0037] Here, the upstream portion 51 of the left intake
pipe 50A includes the funnel portion 511 and a pipe
portion 512. In the left intake pipe 50A, the funnel portion
511 is an upstream end portion of the left intake pipe 50A
that opens to the clean section CS of the air cleaner 10.
The funnel portion 511 is formed such that its inner
diameter continuously increases from the inside of the
left intake pipe 50A toward the clean section CS. On the
other hand, the pipe portion 512 is formed such that the
inner diameter is constant or substantially constantin the
axial direction of the left intake pipe 50A.

[0038] One through hole 59is formed in a portion of the
pipe portion 512 closer to the attached portion 53 than the
funnel portion 511. In the left intake pipe 50A, the one
through hole 59 is formed in a leftward portion of the pipe
portion 512 so as to open leftwardly of the motorcycle
100.

[0039] Details of the right intake pipe 50B will be de-
scribed. Fig. 6 is a schematic side view of the right intake
pipe 50B of Fig. 2 as viewed from a position rightward of
the motorcycle 100. In Fig. 6, similarly to the example of
Fig. 5, a pattern and irregularities formed on the outer
surface of the right intake pipe 50B are not shown.
Further, in Fig. 6, a portion of the air cleaner case 11 is
indicated by the one-dot and dash line.

[0040] The rightintake pipe 50B is basically formed so
as to be symmetrical to the left intake pipe 50A with
respect to a vertical plane extending in the forward-
and-rearward direction FB through the space between
the left intake pipe 50A and the right intake pipe 50B.
Therefore, similarly to the left intake pipe 50A, the right
intake pipe 50B is a cylindrical member formed to be
curved from one end portion to the other end portion, and
includes an upstream portion 51, a downstream portion
52 and an attached portion 53. Further, in the axial
direction of the right intake pipe 50B, the length of the
upstream portion 51 of the right intake pipe 50B is larger
than 1/3 of the entire right intake pipe 50B and is smaller
than 1/2 of the entire right intake pipe 50B.

[0041] Therefore, when the motorcycle 100 is as-
sembled, the upstream portion 51 of the right intake pipe
50B is inserted into the right air lead-out portion 14
(opening) of the air cleaner case 11. Further, a portion
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of the air cleaner case 11 where the right air lead-out
portion 14 is formed (the inner edge of the opening) is
fitted between a first annular convex portion 53a and a
second annular convex portion 53b of the right intake
pipe 50B. Thus, the right intake pipe 50B is attached to
the air cleaner case 11. In this state, the downstream
portion 52 is further connected to the right flow-path
forming pipe 41 of the throttle body 40.

[0042] Also in the right intake pipe 50B, the upstream
portion 51 includes afunnel portion 511 and a pipe portion
512, similarly to the left intake pipe 50A. Further, one
through hole 59 is formed in a portion of the pipe portion
512 closer to the attached portion 53 than the funnel
portion 511. However, one through hole 59 formed in
the rightintake pipe 50B is formed in a rightward portion of
the pipe portion 512 so as to open rightwardly of the
motorcycle 100, differently from the one through hole 59
in the left intake pipe 50A.

[0043] Therefore, in the present embodiment, as in-
dicated by the black dots in Fig. 2, the through hole 59 of
the leftintake pipe 50A and the through hole 59 of the right
intake pipe 50B are oriented in directions not oriented
toward each other in the leftward-and-rightward direction
LR. More specifically, the through hole 59 of the left intake
pipe 50A and the through hole 59 of the right intake pipe
50B are oriented in opposite directions in the leftward-
and-rightward direction LR.

3. Intake Sound Level Measurement Experiment and
Intake Sound Audibility Experiment

<1> Intake Sound Level Measurement Experiment

[0044] In regard to the above-mentioned motorcycle
100, the inventors of the present disclosure conducted an
experiment (intake sound level measurement experi-
ment) for confirming the level of an intake sound gener-
ated when the engine 30 worked in a specific vehicle
velocity range.

[0045] Specifically, the inventors of the present disclo-
sure prepared the motorcycle 100 including the two in-
take pipes 50 shown in Figs. 5 and 6 as the motorcycle
100 of an inventive example. The length of each intake
pipe 50 in the axial direction was about 180 mm, and the
length of the upstream portion 51 in the axial direction
was about 90 mm. Further, the through hole 59 was
formed at a position spaced apart from the funnel portion
511 by about 80mm. Further, the cross-sectional area of
the opening (the flow-path cross-sectional area) ortho-
gonal to the axial direction of the intake pipe 50 was about
962 mm?2, and the opening area of the through hole 59
was about 79 mm2. In the present embodiment, the flow-
path cross-sectional area of the intake pipe 50 is the area
of the region surrounded by the inner peripheral surface
of the portion of the intake pipe 50 having the smallest
inner diameter, for example.

[0046] Further, the inventors of the present disclosure
prepared a motorcycle including two intake pipes having
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the same configuration as the two intake pipes 50 of the
inventive example except that the through-hole 59 was
not formed, as a motorcycle of a comparative example.
[0047] Inregard to the motorcycle 100 of the inventive
embodiment, the sound pressure level of an intake sound
generated by the motorcycle 100 in a period during which
a vehicle velocity reached a "second velocity v2 higher
than afirst velocity v1 " from the "first velocity v1" with the
throttle valve 42 at a maximum opening was measured.
Further, also in regard to the motorcycle of the compara-
tive embodiment, similarly to the motorcycle 100 of the
inventive example, the sound pressure level of an intake
sound generated by the motorcycle in a period during
which a vehicle velocity reached the "second velocity v2"
from the "first velocity v1" with the throttle valve 42 at a
maximum opening was measured.

[0048] Fig. 7 is a graph representing the test results of
the intake sound level measurement experiment. In the
graph of Fig. 7, the ordinate indicates a sound pressure
level, and the abscissa indicates a vehicle velocity.
Further, in the graph of Fig. 7, the measurement result
of an intake sound during acceleration of the motorcycle
100 of the inventive example is indicated by the thick solid
line, and the measurement result of an intake sound
during acceleration of the motorcycle of the comparative
example is indicated by the dotted line.

[0049] As shown in the graph of Fig. 7, both of the
sound pressure levels of the intake sounds generated by
the motorcycle 100 of the inventive embodiment and the
motorcycle of the comparative example increase in a
period during which the vehicle velocities increase from
the "first velocity v1" to the "second velocity v2." However,
a change amount of the sound pressure level of the
motorcycle 100 of the inventive example due to an in-
crease in vehicle velocity is different from a change
amount of the sound pressure level of the motorcycle
of the comparative example due to anincrease in vehicle
velocity.

[0050] In alarge range of the vehicle velocity from the
"first velocity v1" to the "second velocity v2" except for the
vicinity of the "first velocity v1," the sound pressure level
of the intake sound generated by the motorcycle 100 of
the inventive example is lower than the sound pressure
level of the intake sound generated by the motorcycle of
the comparative example. Further, a difference in sound
pressure level between the inventive example and the
comparative example basically increases as the vehicle
velocity increases. Thus, the sound pressure level of the
intake sound generated by the motorcycle 100 of the
inventive example is lower than the sound pressure level
of the intake sound generated by the motorcycle of the
comparative example by about 2 dB(A) at a maximum.

[0051] Thus, it was confirmed that, with the motorcycle
100 of the inventive example, it was possible to reduce an
intake sound generated when the vehicle velocity was in
arelatively wide range from a velocity slightly higher than
the "first velocity v1" (a velocity higher than the first
velocity v1 by about 5 km/h) to the "second velocity
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v2," as compared with the motorcycle of the comparative
example including the intake pipe in which the through
hole 59is notformed. Itis considered that this is due to the
fact that the natural frequency of each intake path VP in
the motorcycle 100 of the inventive embodiment largely
deviates from the frequency of a specific intake sound
because of the through holes 59 formed in the two intake
pipes 50.

<2> Intake Sound Audibility Experiment

[0052] The inventors of the present disclosure con-
ducted an experiment (intake sound audibility experi-
ment) to confirm how a person felt when the person heard
an intake sound generated when the engine 30 worked in
a specific vehicle velocity range in regard to the motor-
cycle 100 of the above-mentioned inventive embodiment
and the motorcycle of the comparative example.

[0053] Specifically, the inventors of the present disclo-
sure caused the motorcycle 100 of the inventive embodi-
ment to travel at a vehicle velocity of about 40 km/h while
maintaining the throttle valve 42 at 1/2 of the maximum
opening. Further, the inventors of the present disclosure
caused the motorcycle of the comparative embodiment
to travel at a vehicle velocity of about 40 km/h while
maintaining the throttle valve 42 at 1/2 of the maximum
opening. Then, it was determined whether an intake
sound generated by the motorcycle 100 of the inventive
example and an intake sound generated by the motor-
cycle of the comparative example were heard differently.
As a result, it was determined that the level of an intake
sound generated by the motorcycle 100 of the inventive
example was lower than the level of the intake sound
generated by the motorcycle of the comparative exam-
ple.

[0054] Further, the inventors of the present disclosure
caused the motorcycle 100 of the inventive embodiment
to travel at a vehicle velocity of about 80 km/h while
maintaining the throttle valve 42 at the maximum open-
ing. Further, the inventors of the present disclosure
caused the motorcycle 100 of the comparative embodi-
ment to travel at a vehicle velocity of about 80 km/h while
maintaining the throttle valve 42 at the maximum open-
ing. Then, it was determined whether an intake sound
generated by the motorcycle 100 of the inventive exam-
ple and an intake sound generated by the motorcycle of
the comparative example were heard differently. As a
result, it was determined that the level of an intake sound
generated by the motorcycle 100 of the inventive exam-
ple was lower than the level of the intake sound gener-
ated by the motorcycle of the comparative example.
[0055] Thus, itwas confirmed that, with the motorcycle
100 of the inventive example, the level of an intake sound
audible to a person was lowered as compared to the
motorcycle of the comparative example, regardless of an
opening of the throttle valve 42 and a vehicle velocity.
That is, it was confirmed that the motorcycle 100 of the
inventive example can reduce a noise caused by an
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intake sound as compared with the motorcycle of the
comparative example.

4. Effects of Embodiments
[0056]

(a) In the motorcycle 100 according to the present
embodiment, the upstream portions 51 of the two
intake pipes 50 are inserted into the two air lead-out
portions 14 of the air cleaner case 11. Further, the
attached portion 53 of each intake pipe 50is attached
to the air lead-out portion 14 corresponding to the air
cleaner case 11. The upstream portion 51 of the
intake pipe 50 is located in the clean section CS of
the air cleaner 10. On the other hand, the down-
stream portion 52 is located in the outer space ES of
the air cleaner 10.

[0057] The through hole 59 is formed in the upstream
portion 51 of the intake pipe 50. The through hole 59 is
located in the clean section CS of the inner space of the
air cleaner 10. Therefore, an unpurified air, droplets of
rainwater or the like does not flow into the intake pipe 50
from the through hole 59.

[0058] The natural frequency of each of the intake
paths VP, extending from the air cleaner 10 to the com-
bustion chambers 31A, 31B of the engine 30, is defined
depending on the length of the intake path VP and the
flow-path cross-sectional area of the intake path VP.
Further, the natural frequency of each intake path VP
is defined depending on a position of the through hole 59
formed in the intake pipe 50 and an opening area of the
through hole 59. In regard to the relationship between the
natural frequency of the intake path VP and the position of
the through hole 59, the more largely the position of the
through hole 59 deviates from the funnel portion 511 and
the closer the through hole 59 is to the air cleaner case 11
(the outer wall of the air cleaner 10), the more largely the
natural frequency of the intake path VP changes. There-
fore, with the above-mentioned configuration, the natural
frequency of the intake path VP can be changed largely.
Therefore, itis possible to reduce a specific intake sound
by causing the natural frequency of the intake path VP to
deviate from the frequency band of the specific intake
sound.

[0059] Further, with the above-mentioned configura-
tion, it is not necessary to provide an additional config-
uration such as a resonator around the air cleaner 10 and
the two intake pipes 50 in order to reduce an intake
sound. Therefore, the configuration of the air cleaner
10 and the peripheral portions of the two intake pipes
50 can be simplified and made compact.

[0060] As a result, the configuration of the peripheral
portions of the intake paths VP can be simplified and
made compact, and an intake sound can be reduced.
[0061] (b)Asdescribed above, inthe motorcycle 100, it
is not necessary to provide an additional configuration for
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reducing an intake sound, such as a resonator, in the two
intake pipes 50. Therefore, in the throttle body 40, a valve
actuator can be provided in the vicinity of the flow-path
forming pipe 41 without consideration of interference with
an additional configuration for reducing an intake sound.
Therefore, the configurations of the air cleaner 10, the
two intake pipes 50, the throttle body 40 and the periph-
eral members can be made compact. Further, the flex-
ibility of layout of the air cleaner 10, the two intake pipes
50, the throttle body 40, and its peripheral members is
improved.

[0062] (c)Asdescribed above,the natural frequency of
each intake path VP is defined depending on a position of
the through hole 59 formed in the intake pipe 50 and an
opening area of the through hole 59. In the above-men-
tioned example, the one through hole 59 is formed in the
one intake pipe 50. In a case in which the number of the
through holes 59 is one, the opening area of the through
hole 59 can be easily calculated. This facilitates design of
the one through hole 59 to be formed in the intake pipe 50.
Further, in a case in which the number of the through
holes 59 formed in the intake pipe 50 is one, a reductionin
strength of the intake pipe 50 is suppressed as compared
with a case in which the large number of the through holes
59 are formed in the intake pipe 50. Further, an increase
in number of processes required for formation of the
through hole 59 is suppressed at the time of fabrication
of the intake pipe 50.

[0063] (d) The length of the upstream portion 51 in the
axial direction of each intake pipe 50 is larger than s of
the entire length of the intake pipe 50. In this case,
because the upstream portion 51 is disposed in the inner
space of the air cleaner 10, a space occupied by the
intake pipe 50 around the air cleaner 10 can be signifi-
cantly reduced as compared to a case in which the entire
intake pipe 50 is provided in the outer space ES of the air
cleaner 10. Further, because the length of the upstream
portion 51 is larger than ¥ of the entire length of the intake
pipe 50, the through hole 59 can be formed at a position
further away from the funnel portion 511. That is, the
through hole 59 can be formed at a position where the
natural frequency of the intake path VP is likely to deviate
more largely. As aresult, it is possible to form the through
hole 59 at a position suitable for reduction of an intake
sound while setting the length of the intake pipe 50 in
consideration of the engine intake performance.

[0064] (e) The length of the upstream portion 51 in the
axial direction of each intake pipe 50 is smaller than 1/2 of
the entire length of the intake pipe 50. In this case, itis not
necessary to excessively increase the size of the air
cleaner 10 in order to dispose a portion of the intake pipe
50 (the upstream portion 51) in the inner space of the air
cleaner 10.

[0065] (f) With the two intake pipes 50 attached to the
air cleaner 10, the through hole 59 of the left intake pipe
50A and the through hole 59 of the right intake pipe 50B
are oriented in opposite directions in the leftward-and-
rightward direction LR. In this case, the state of air flow
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into the through hole 59 in one of the left intake pipe 50A
and the right intake pipe 50B is unlikely to be affected by
an airflow generated in the vicinity of the through hole 59
in the other intake pipe. Therefore, the natural frequen-
cies of the two intake paths VP respectively formed of the
left intake pipe 50A and the right intake pipe 50B can be
appropriately adjusted. Further, degradation of the en-
gine intake performance caused by an unstable state of
air flow into the two intake pipes 50 is suppressed.

5. Preferrable Forming Conditions of Through Hole 59 in
Intake Pipe 50

<1> In Regard to Opening Area of Through Hole 59
Formed in One Intake Pipe 50

[0066] The number, positions and shapes of the
through holes 59 formed in each of the two intake pipes
50 are not limited to the above-mentioned example as
long as the natural frequency of a corresponding intake
path VP can deviate from a specific frequency range
(adjusted to a desired natural frequency). Two or more
through holes 59 may be formed in one intake pipe 50.
[0067] Inacase inwhich a plurality of through holes 59
are formed in one intake pipe 50, the natural frequency of
a corresponding intake path VP is defined depending on
the positions of the plurality of through holes 59 formed in
the intake pipe 50 and the total opening area of the
plurality of through holes 59. Here, the total opening area
of the one or plurality of through holes 59 formed in the
one intake pipe 50 is preferably not less than 8% and not
more than 16% with respect to a flow-path cross- sec-
tional area of the one intake pipe 50. This range was
derived based on the experiments conducted by the
inventors of the present disclosure. A plurality of experi-
ments for deriving a preferable range of the total opening
area of the one or more through holes 59 and the results
of the experiments will be described below.

<2> Intake Pipe Characteristic Evaluation Experiment
[0068]

(a) The inventors of the present disclosure con-
ducted an experiment (intake pipe characteristic
evaluation experiment) for confirming the relation-
ship between the positions and the total opening
area of one or a plurality of through holes formed
in one intake pipe 50, and the natural frequency of an
intake path VP corresponding to the one intake pipe
50.

[0069] Specifically, the inventors of the present disclo-
sure first prepared nine intake pipes having the same
configuration as that of the intake pipe 50 of Fig. 5 except
that the through hole 59 is not formed. The length of each
of the nine intake pipes in an axial direction is about 180
mm. Further, the inner diameter of each intake pipe
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except for the funnel portion 511 is 35 mm.

[0070] Next, the inventors of the present disclosure
took out one of the nine intake pipes and determined
that the intake pipe is a first intake pipe. The first intake
pipe is an intake pipe in which the through hole 59 is not
formed. Here, an annular portion considered to be appro-
priate for formation of the through hole 59 for reducing an
intake sound in the axial direction of the intake pipe is
referred to as a hole formation subject portion. The hole
formation subject portion is a portion of the intake pipe
thatis disposed in the clean section CS and is close to the
inner surface of the air cleaner case 11. In this intake pipe
characteristic evaluation experiment, the hole formation
subject portion was a portion spaced apart from the
funnel portion 511 by about 80 mm in the axial direction.
[0071] Next, the inventors of the present disclosure
took out one of the remaining eight intake pipes, and
formed two circular through holes 59 having an inner
diameter of 5 mm in a portion directed downwardly in the
hole formation subject portion, with the intake pipe being
maintained in a predetermined attitude for an experi-
ment. The intake pipe that was fabricated in this manner
was determined as a second intake pipe.

[0072] Next, the inventors of the present disclosure
took out one of the remaining seven intake pipes, and
formed two rectangular through holes 59 of 8mm x 6mm
in a portion directed downwardly in the hole formation
subject portion, with the intake pipe being maintainedina
predetermined attitude for an experiment. The intake
pipe that was fabricated in this manner was determined
as a third intake pipe.

[0073] Next, the inventors of the present disclosure
took out one of the remaining six intake pipes, and formed
two circular through holes 59 having an inner diameter of
5 mm in a portion directed upwardly in the hole formation
subject portion, with the intake pipe being maintainedina
predetermined attitude for an experiment. The intake
pipe that has been fabricated in this manner was deter-
mined as a fourth intake pipe.

[0074] Next, the inventors of the present disclosure
took out one of the remaining five intake pipes, and
formed two circular through holes 59 having an inner
diameter of 5 mm in a portion directed toward one side
and a portion directed toward the other side in the hole
formation subject portion, with the intake pipe being
maintained in a predetermined attitude for an experi-
ment. The intake pipe that has been fabricated in this
manner was determined as a fifth intake pipe.

[0075] Next, the inventors of the present disclosure
took out one of the remaining four intake pipes, and
formed two circular through holes 59 having an inner
diameter of 10 mm in a portion directed toward one side in
a horizontal direction and a portion directed toward the
other side in the horizontal direction in the hole formation
subject portion, with the intake pipe being maintainedina
predetermined attitude for an experiment. The intake
pipe that has been fabricated in this manner was deter-
mined as a sixth intake pipe.

10

15

20

25

30

35

40

45

50

55

[0076] Next, the inventors of the present disclosure
took out one of the remaining three intake pipes, and
formed one circular through hole 59 having an inner
diameter of 10 mm in a portion directed toward one side
in the horizontal direction in the hole formation subject
portion, with the intake pipe being maintained in a pre-
determined attitude for an experiment. The intake pipe
that has been fabricated in this manner was determined
as a seventh intake pipe.

[0077] Next, the inventors of the present disclosure
took out one of the remaining two intake pipes, and
formed one circular through hole 59 having an inner
diameter of 10 mm in a portion directed toward the other
side in the horizontal direction in the hole formation
subject portion, with the intake pipe being maintained
in a predetermined attitude for an experiment. The intake
pipe that has been fabricated in this manner was deter-
mined as an eighth intake pipe.

[0078] Next, the inventors of the present disclosure
took out the remaining one intake pipe, and formed
one circular through hole 59 having an inner diameter
of 12 mm in a portion directed toward the other side in the
hole formation subject portion, with the intake pipe being
maintained in a predetermined attitude for an experi-
ment. The intake pipe that has been fabricated in this
manner was determined as a ninth intake pipe.

[0079] Figs.8and9are schematicdiagrams showinga
list of the configurations of the first to ninth intake pipes
according to the intake pipe characteristic evaluation
experiment. In Figs. 8 and 9, in regard to each of the first
to ninth intake pipes, the side view of the intake pipe
maintained in the predetermined attitude for an experi-
ment and the cross-sectional view of the hole formation
subject portion are shown. In each of the side views of
Figs. 8 and 9, the portion the frame formed of the dotted
lines indicates the hole formation subject portion 54 in the
intake pipe. Further, in each of the side views of Figs. 8
and 9, the section corresponding to the cross-sectional
view of the hole formation subject portion 54 shown at the
right of the side view is indicated by the line Q-Q.
[0080] After the first to ninth intake pipes were fabri-
cated, the inventors of the present disclosure input a
sound to the end portion of the downstream portion 52
of each of the first to ninth intake pipes and continuously
changed the frequency of the input sound (sweep).
Further, the inventors of the present disclosure, when
a sound is input to each intake pipe, also measured a
frequency response function in regard to a sound output
from the funnel portion 511 of each intake pipe.

[0081] Fig. 10 is a graph representing the frequency
response function of a sound output from each of the first
to ninth intake pipes according to the intake pipe char-
acteristic evaluation experiment. In the graph of Fig. 10,
the ordinate indicates the frequency response function,
and the abscissa indicates the frequency of a sound.
Further, in the graph of Fig. 10, the solid line indicates the
frequency response function corresponding to the first
intake pipe, the dotted line indicates the frequency re-



17 EP 4 517 080 A1 18

sponse function corresponding to the second intake pipe,
and the one-dot and dash line indicates the frequency
response function corresponding to the third intake pipe.
Further, the thick one-dot and dash line indicates the
frequency response function corresponding to the fourth
intake pipe, the thick dotted line indicates the frequency
response function corresponding to the fifth intake pipe,
and the two-dot and dash line indicates the frequency
response function corresponding to the six intake pipe.
Further, the thick two-dot and dash line indicates the
frequency response function corresponding to the se-
venth intake pipe, the thick solid line indicates the fre-
quency response function corresponding to the eighth
intake pipe, and the broken line indicates the frequency
response function corresponding to the ninth intake pipe.
[0082] In the graph of Fig. 10, the frequency corre-
sponding to the peak of the frequency response function
(peak frequency) of each of the first to ninth intake pipes
represents the natural frequency (resonance frequency)
of the intake pipe. In the frequency band from a "first
frequency f1" to a "second frequency f2 higher than the
first frequency 1" of an intake sound estimated to be
generated as a noise from the above-mentioned plurality
of intake pipes, the peak frequencies of the second to
ninth intake pipes deviate from a peak frequency fp1 of
the first intake sound. The peak frequencies of the sec-
ond to ninth intake pipes are higher than the peak fre-
quency fp1 of the firstintake pipe by about 10 Hz to 30 Hz.
Based on this result, it is found that, in a case in which the
through hole 59 is formed in the intake pipe 50, the natural
frequency of the intake pipe 50 can deviate from (be
higher than) the natural frequency of the intake pipe
having no through hole 59.

[0083] Fig. 11 is a graph representing the relationship
between the peak frequencies of the first to ninth intake
pipes according to the intake pipe characteristic evalua-
tion experiment and the total opening area of the one or
plurality of through holes 59 in the first to ninth intake
pipes. In the graph of Fig. 11, the ordinate indicates the
peak frequency, and the abscissa indicates the total
opening area of the one or plurality of through holes 59
of each intake pipe. Further, in regard to the indices in the
graph of Fig. 11, the outlined inverted triangle indicates
the peak frequency of the first intake pipe, the outlined
circle indicates the peak frequency of the second intake
pipe, and the outlined square indicates the peak fre-
quency of the third intake pipe. Further, the mark X
indicates the peak frequency of the fourth intake pipe,
the double circle indicates the peak frequency of the fifth
intake pipe, and the outlined triangle indicates the peak
frequency of the sixth intake pipe. Further, the black circle
indicates the peak frequency of the seventh intake pipe,
the black square indicates the peak frequency of the
eighth intake pipe, and the black triangle indicates the
peak frequency of the ninth intake pipe.

[0084] AsshowninFig. 11, since the through hole 59is
notformed in the firstintake pipe, the total opening areais
0 mmZ2. On the other hand, the total opening area of each
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of the second intake pipe, the fourth intake pipe and the
fifth intake pipe is about 39 mm2, and the total opening
area of each of the seventh intake pipe and the eighth
intake pipe is about 79 mm2. On the other hand, the total
opening area of the third intake pipe is 96 mm?2, the total
opening area of the ninth intake pipe is about 113 mm?2,
and the total opening area of the sixth intake pipe is about
157 mm?2,

[0085] The peak frequencies of a plurality of intake
pipes having the same total opening area are similar to
each other to the extent that the peak frequencies vary
within the range of several Hz. For example, as indicated
by the frame formed of the thick one-dot and dash lines in
Fig. 11, the peak frequencies of the second intake pipe,
the fourth intake pipe and the fifth intake pipe, the total
opening area of each of which is about 39 mm?2, are
concentrated in the range of about 5 Hz. Further, as
indicated by the frame formed of the thick two-dot and
dash line in Fig. 11, the peak frequencies of the seventh
intake pipe and the eighth intake pipe, the total opening
area of each of which is about 79 mmZ2, are concentrated
in the range of about 5 Hz. Based on the above-men-
tionedfact, itis found that the peak frequency of the intake
pipe is defined mainly by the total opening area, regard-
less of the number of the through holes 59 and the
positions of the through holes 59 in the circumferential
direction of the intake pipe.

[0086] Further, according to the relationship shown in
Fig. 11, it is recognized that the higher the total opening
area of the one or plurality of through holes 59 formed in
the intake pipe, the higher the peak frequency of the
intake pipe tends to be. Specifically, in Fig. 11, the straight
line LL that connects the peak frequency fp1 of the first
intake pipe, which has the smallest total opening area of 0
mm?2, among the nine intake pipes, and the peak fre-
quency fp6 of the sixth intake pipe, which has the largest
total opening area of 157 mm2, among the nine intake
pipes, is drawn (see the thick dotted line of Fig. 11). In this
case, the peak frequencies of the second intake pipe, the
third intake pipe, the fourth intake pipe, the fifth intake
pipe, the seventh intake pipe, the eighth intake pipe and
the ninth intake pipe, which have the total opening areas
of between 0 mm?2 and 157 mm?2, indicate values that
correspond to the total opening areas and close to the
straight line LL.

[0087] As aresult, it was found that, in a case in which
the through hole 59 is formed in the intake pipe 50,
regardless of the number of the through holes 59 and
the positions of the through holes 59 in the circumferential
direction of the intake pipe, the larger the total opening
area, the more largely the natural frequency of the intake
pipe 50 can be changed. That is, it was found that, it is
possible to largely change the natural frequencies of the
two intake paths VP and largely reduce a specific intake
sound by increasing the total opening area of the one or
plurality of through holes 59 formed in the intake pipe 50.
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<3> Engine Intake Performance Confirmation Experi-
ment

[0088] In consideration of the results of the intake pipe
characteristic evaluation experiment, it is considered that
it is preferable to form one or a plurality of through holes
59 in order to have a larger total opening area. However,
when the total opening area of the through holes 59 is
excessively large, air may not be appropriately supplied
to each of the combustion chambers 31A, 31B during
work of the engine 30. That is, the engine intake perfor-
mance may be degraded.

[0089] The inventors of the present disclosure con-
ducted an experiment (engine intake performance deter-
mination experiment) for understanding the relationship
between the total opening area of the one or plurality of
through holes 59 formed in the intake pipe 50 and the
engine intake performance.

[0090] Specifically, the inventors of the present disclo-
sure first prepared the first intake pipe, the sixth intake
pipe and the seventh intake pipe fabricated in the intake
pipe characteristic evaluation experiment. The firstintake
pipe is the intake pipe in which the through hole 59 is not
formed. The sixth intake pipe is the intake pipe in which
the two circular through holes 59 having an inner dia-
meter of 10 mm are formed. The seventh intake pipe is an
intake pipe in which the one circular through hole 59
having an inner diameter of 10 mm is formed.

[0091] Next, the inventors of the present disclosure
causes the engine to work with the first intake pipe being
incorporated in the intake path of the predetermined
engine. Further, the inventors of the present disclosure
measured an output and a torque of the crankshaft when
the engine rotation speed is within a predetermined
range (hereinafter referred to as an experimental speed
range), using a dynamometer. Further, the inventors of
the present disclosure conducted the measurement for
the sixth intake pipe and the seventh intake pipe similar to
the measurement conducted for the first intake pipe.
[0092] Fig. 12 is a graph representing the relationship
between the output of the crankshaft and the engine
rotation speed measured in the engine intake perfor-
mance confirmation experiment. In the graph of Fig.
12, the ordinate indicates the engine output (output of
the crankshaft), and the abscissa indicates the engine
rotation speed. Further, in regard to the indices in the
graph of Fig. 12, the outlined inverted triangles indicate
the engine output corresponding to the first intake pipe,
the outlined triangles indicate the engine output corre-
sponding to the sixth intake pipe, and the black circles
indicate the engine output corresponding to the seventh
intake pipe. Further, in the graph of Fig. 12, the measure-
ment results of the plurality of engine outputs corre-
sponding to the first intake pipe are connected by the
solid line, the measurement results of the plurality of
engine outputs corresponding to the sixth intake pipe
are connected by the one-dot and dash line, and the
measurement results of the plurality of engine outputs
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corresponding to the seventh intake pipe are connected
by the dotted line.

[0093] As shown in Fig. 12, according to the result of
the engine intake performance confirmation experiment,
the relationship between the engine output and the en-
gine rotation speed varies slightly when the engine rota-
tion speed is in part of the experimental speed range.
Specifically, as indicated by the frame formed of the two-
dot and dash lines in Fig. 12, when the engine rotation
speed is partially in the experimental speed range, the
engine outputs corresponding to the sixth intake pipe and
the seventh intake pipe are lower than the engine output
corresponding to the first intake pipe.

[0094] Fig. 13 is a graph showing the relationship
between the torque of the crankshaft measured in the
engine intake performance confirmation experiment and
the engine rotation speed. In the graph of Fig. 12, the
ordinate indicates the engine torque (torque of the crank-
shaft), and the abscissa indicates the engine rotation
speed. Further, in regard to the indices in the graph of
Fig. 13, the outlined inverted triangles indicate the engine
torques corresponding to the firstintake pipe, the outlined
triangles indicate the engine torques corresponding to
the sixth intake pipe, and the black circles indicate the
engine output corresponding to the seventh intake pipe.
Further, in the graph of Fig. 13, the measurement results
of the plurality of engine torques corresponding to the first
intake pipe are connected by the solid line, the measure-
ment results of the plurality of engine torques corre-
sponding to the sixth intake pipe are connected by the
one-dot and dash line, and the measurement results of
the plurality of engine torques corresponding to the se-
venth intake pipe are connected by the dotted line.
[0095] As shown in Fig. 13, according to the results of
the engine intake performance confirmation experiment,
the relationship between the engine torque and the en-
gine rotation speed varies over a relatively wide range of
the engine rotation speed. Specifically, as indicated by
the frame formed of the two-dots and dash linesin Fig. 13,
the engine torques corresponding to the sixth intake pipe
and the seventh intake pipe are lower than the engine
torque corresponding to the first intake pipe, over
[0096] As a result, it was found that the total opening
area of the one or plurality of through holes 59 formed in
the intake pipe 50 is to be determined in consideration of
the engine intake performance in addition to the reduc-
tion of an intake sound.

<4> Optimum Condition Determination Experiment

[0097] The inventors of the present disclosure con-
ducted an experiment (optimum condition determination
experiment) for determining a preferable range of the
total opening area of the one or plurality of through holes
59 based on the results of the intake pipe characteristic
evaluation experiment and the engine intake perfor-
mance confirmation experiment.

[0098] Specifically, the inventors of the present disclo-
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sure first prepared the first intake pipe, the second intake
pipe, the sixth intake pipe and the seventh intake pipe
fabricated in the intake pipe characteristic evaluation
experiment. The firstintake pipe is an intake pipe in which
the through hole 59 is not formed. The second intake pipe
is anintake pipe in which the two circular through holes 59
having an inner diameter of 5 mm are formed. The sixth
intake pipe is an intake pipe in which the two circular
through holes 59 having an inner diameter of 10 mm are
formed. The seventh intake pipe is anintake pipe in which
the one circular through hole 59 having an inner diameter
of 10 mm is formed.

[0099] Next, the inventors of the present disclosure
incorporated the first intake pipe into a motorcycle cor-
responding to the motorcycle 100 of Fig. 1. Further, the
inventors of the present disclosure caused the motor-
cycle in which the first intake pipe was incorporated to
travel under a predetermined condition and determined a
degree of discomfort felt by a rider when the rider heard
an intake sound generated by the motorcycle. The de-
termined degree of discomfort in regard to an intake
sound at this time is referred to as a reference discomfort.
Further, the inventors of the present disclosure caused
the motorcycle in which the first intake pipe was incorpo-
rated to travel under a predetermined condition and
confirmed a power feeling of arider. The confirmed power
feeling at this time is referred to as a reference power
feeling.

[0100] Next, the inventors of the present disclosure
incorporated the second intake pipe into a motorcycle
corresponding to the motorcycle 100 of Fig. 2. Further,
the inventors of the present disclosure caused the motor-
cycle inwhich the second intake pipe was incorporated to
travel under a predetermined condition and determined
whether a degree of discomfort felt by a rider when the
rider heard an intake sound generated by the motorcycle
was lower than the reference discomfort. Further, the
inventors of the present disclosure caused the motor-
cycle in which the second intake pipe was incorporated to
travel under a predetermined condition and determined
whether the power feeling of a rider has changed largely
from the reference power feeling. Further, the inventors
of the present disclosure conducted the measurementin
regard to the sixth intake pipe and the seventh intake pipe
similar to the measurementin regard to the second intake
pipe.

[0101] As aresult, in regard to the second intake pipe,
the degree of discomfort in regard to an intake sound
hardly changed from the reference discomfort. Thatis, in
regard to the second intake pipe, the effect of reduction of
an intake sound was hardly recognized. Further, in re-
gard to the second intake pipe, the power feeling of the
rider did not change greatly from the reference power
feeling. That s, in a case in which the second intake pipe
was used, the engine intake performance did not change
largely (did not decrease).

[0102] On the other hand, in regard to the sixth intake
pipe, the degree of discomfort in regard to an intake
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sound was lower than the reference discomfort. That
is, with the sixth intake pipe, the effect of reduction of
an intake sound was recognized. Further, in regard to the
sixth intake pipe, although the power feeling of the rider
changed from the reference power feeling, the rider could
tolerate the extent of change. That is, in a case in which
the sixth intake pipe was used, it was not recognized that
the engine intake performance changed largely (de-
creased).

[0103] On the other hand, in regard to the seventh
intake pipe, the degree of discomfort in regard to an
intake sound was lower than the reference discomfort.
That is, with use of the seventh intake pipe, the effect of
reduction of an intake sound was recognized. Further, in
regard to the seventh intake pipe, although the power
feeling of the rider has changed from the reference power
feeling, the rider could tolerate the extent of change. That
is, in a case in which the seventh intake pipe was used, it
was not recognized that the engine intake performance
changed (decreased) largely.

<5> Summary of Preferable Forming Condition of Intake
Pipe 50

[0104] Based on the above-mentioned results, it was
found that, in order to obtain the effect of the reduction of
an intake sound in regard to an intake pipe having the
length and the inner diameter corresponding to the first
intake pipe, it was desirable to ensure an opening area
equal to or larger than at least the opening area of the
through hole 59 formed in the seventh intake pipe.
Further, it was found that, in order to prevent the engine
intake performance from being largely degraded in re-
gard to an intake pipe having the length and the inner
diameter corresponding to the first intake pipe, it was
desirable to ensure an opening area equal to or smaller
than at least the total opening area of the two through
holes 59 formed in the sixth intake pipe.

[0105] It is considered that the relationship between
the total opening area of the one or plurality of through
holes 59 formed in one intake pipe and the effect of
reduction of an intake sound can be defined based on
the relationship between a value of the total opening area
and the flow-path cross-sectional area of the intake pipe.
[0106] Specifically, according to the above-mentioned
experiment result, the intake pipe having the minimum
total opening area for obtaining the effect of reduction of
an intake sound is the seventh intake pipe. As such, the
inventors of the present disclosure calculated the ratio of
the opening area of the one through hole 59 formed in the
seventh intake pipe with respect to the flow-path cross-
sectional area of the seventh intake pipe. The calculation
result was 8%.

[0107] Further, according to the above-mentioned ex-
periment result, the intake pipe that having the maximum
total opening area for preventing degradation of the en-
gine intake performance is the sixth intake pipe. As such,
the inventors of the present disclosure calculated the
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ratio of the total opening area of the two through holes 59
formed in the sixth intake pipe with respect to the flow-
path cross-sectional area of the sixth intake pipe. The
calculation result was 16 %.

[0108] Based on the above-mentioned calculation re-
sult, itis preferable to design the intake pipe 50 such that
the ratio of the total opening area of the one or plurality of
through holes 59 with respect to the flow-path cross-
sectional area of the intake pipe 50 is not less than 8
% and not more than 16 %. In this case, the effect of
reduction of an intake sound can be sufficiently obtained,
and the engine intake performance can be prevented
from being largely degraded.

6. Other Embodiments
[0109]

(a) While the engine 30 of the motorcycle 100 ac-
cording to the above-mentioned embodiment is a
parallel-twin engine, the present disclosure is not
limited to this. The engine 30 may be a single-cylin-
der engine or an engine having three or more cylin-
ders. In this case, the intake path VP is formed in
accordance with the number of cylinders. Therefore,
the number of the intake pipes 50 corresponding to
the number of the cylinders are provided in the
motorcycle 100.

(b) While the motorcycle 100 according to the above-
mentioned embodiment includes the intake pipe 50
in which the one through hole 59 is formed, the
present disclosure is not limited to this. The motor-
cycle 100 may include the intake pipe 50 having two
through holes 59, the intake pipe 50 having three
through holes 59 or the intake pipe 50 having four
through holes 59.

(c) While the above-mentioned embodiment is an
example in which the present disclosure is applied to
a motorcycle, the present disclosure is not limited to
this. The present disclosure may be applied to an-
other straddled vehicle such as a four-wheeled auto-
mobile, a motor tricycle or an ATV (All Terrain Vehi-
cle).

7. Correspondences between Constituent Elements in
Claims and Parts in Preferred Embodiments

[0110] In the following paragraphs, non-limiting exam-
ples of correspondences between various elements re-
cited in the claims below and those described above with
respect to various preferred embodiments of the present
disclosure are explained. As each of various elements
recited in the claims, various other elements having
configurations or functions described in the claims can
be also used.

[0111] In the above-mentioned embodiment, the en-
gine 30is an example of an engine, the aircleaner 10is an
example of an air cleaner, the intake pipe 50, the left
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intake pipe 50A and the right intake pipe 50B are exam-
ples of an intake pipe, the intake path VP is an example of
an intake path, the upstream portion51 is an example of
an upstream portion, the downstream portion 52 is an
example of a downstream portion, and the attached
portion 53 is an example of an attached portion.

[0112] Further, the funnel portion 511 is an example of
a funnel portion, the pipe portion 512 is an example of a
pipe portion, the one or plurality of through holes 59 is an
example of one or a plurality of through holes, the motor-
cycle 100 is an example of a straddled vehicle, the air
cleaner case 11 is an example of an outer wall and an air
cleaner case, the filter element 12 is an example of a filter
element, and the air lead-out portion 14 is an example of
an opening.

[0113] Further, the intake port 32 is an example of an
intake port, the throttle body 40 is an example of a throttle
body, the two intake paths VP are examples of a first
intake path and a second intake path, the left intake pipe
50A is an example of a first intake pipe, the right intake
pipe 50B is an example of a second intake pipe, and the
leftward-and-rightward direction LR is an example of one
direction.

8. Overview of Embodiments

[0114] (ltem 1) A straddled vehicle according to one
item includes an engine, an air cleaner that cleans air to
be supplied to the engine, and an intake pipe that is
configured to be one portion of an intake path guiding
air that has been cleaned by the air cleaner to the engine,
wherein the intake pipe has an upstream portion dis-
posed in a clean section of an inner space of the air
cleaner, adownstream portion disposed outside of the air
cleaner, and an attached portion that is located between
the upstream portion and the downstream portion in the
intake pipe and is attached to an outer wall of the air
cleaner, the upstream portion includes a funnel portion
thatopens to the inner space of the air cleaner, and a pipe
portion that connects the funnel portion and the attached
portion to each other, and one or a plurality of through
holes are formedin a portion, thatis closer to the attached
portion than the funnel portion, in the pipe portion.
[0115] In the straddled vehicle, the attached portion of
the intake pipe is attached to the outer wall of the air
cleaner. The upstream portion of the intake pipe is lo-
cated in the clean section of the inner space of the air
cleaner. Further, the downstream portion of the intake
pipe is located outwardly of the outer wall of the air
cleaner.

[0116] The one or plurality of through holes are formed
in the upstream portion of the intake pipe. The one or
plurality of through holes are located in the clean section
in the inner space of the air cleaner. Therefore, an un-
purified air, droplets of rainwater or the like does not flow
into the intake pipe from the one or plurality of through
holes.

[0117] The natural frequency of the intake path is de-
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fined depending on the length of the intake path and the
flow-path cross-sectional area of the intake path. Further,
the natural frequency of the intake path is defined de-
pending on the positions and the total opening area of the
one or plurality of through holes formed in the intake pipe.
In regard to the relationship between the natural fre-
quency of the intake path and the positions of the one
or plurality of through holes, the farther the positions of
the one or plurality of through holes from the funnel
portion, and the closer the positions of the one or plurality
of through holes to the outer wall of the air cleaner, the
more largely the natural frequency of the intake path
changes. Therefore, with the above-mentioned config-
uration, the natural frequency of the intake path can be
changed largely. Therefore, it is possible to reduce an
intake sound by causing the natural frequency of the
intake path to deviate from the frequency band of a
specific intake sound.

[0118] Further, with the above-mentioned configura-
tion, it is not necessary to provide an additional config-
uration such as aresonator around the air cleanerand the
intake pipe in order to reduce an intake sound. Therefore,
the configuration of the air cleaner and the peripheral
portions of the intake pipe can be made simple and
compact.

[0119] As a result, the configuration of the peripheral
portion of the intake path can be simplified and made
compact, and an intake sound can be reduced.

[0120] (ltem 2) The straddled vehicle according to item
1, wherein the one or plurality of through holes may be
one through hole.

[0121] As described above, the natural frequency of
the intake path changes depending on the total opening
area of the one or plurality of through holes in addition to
the positions of the one or plurality of through holes
formed in the intake pipe. In a case in which the number
of through holes is one, the total opening area of the one
or plurality of through holes can be easily adjusted. This
facilitates design of one through hole to be formed in the
intake pipe. Further, with the above-mentioned config-
uration, a reduction in strength of the intake pipe due to
the formation of the large number of through holes in the
intake pipe is suppressed. Further, anincrease in number
of processes required for formation of the through hole is
suppressed.

[0122] (ltem 3) The straddled vehicle according to item
1 or 2, wherein in an axial direction of the intake pipe, a
length of the upstream portion may be larger than 1/3 of
an entire length of the intake pipe.

[0123] In this case, because the upstream portion is
disposed in the inner space of the air cleaner, the space
occupied by the intake pipe around the air cleaner can be
significantly reduced as compared to a case in which the
entire intake pipe is provided outside of the air cleaner.
Further, because the length of the upstream portion is
larger than %5 of the entire length of the intake pipe, one or
a plurality of through holes can be formed at positions
farther away from the funnel portion. As aresult, one or a
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plurality of through holes can be formed at positions
suitable for reduction of an intake sound while the length
of the intake pipe is set in consideration of the engine
intake performance.

[0124] (ltem 4) The straddled vehicle according to any
one of items 1 to 3, wherein a ratio of a total opening area
of the one or plurality of through holes with respect to a
flow-path cross-sectional area of the intake pipe may be
not less than 8 % and not more than 16 %.

[0125] The flow-path cross-sectional area of the intake
pipe is referred to as a pipe area, and the total opening
area of the one or plurality of through holes is referred to
as a hole opening area. In a case in which the ratio of the
hole opening area to the pipe area is smaller than 8%, itis
difficult to cause the natural frequency of the intake path
to deviate from the frequency band of a specific intake
sound. On the other hand, in a case in which the ratio of
the hole opening area to the pipe area is larger than 16%,
the supply performance of supplying air to the engine in
the intake path may be degraded. Therefore, with the
above-mentioned configuration, it is possible to change
the natural frequency of the intake path to an extent that
the natural frequency of the intake path deviates from the
frequency band of the intake sound while suppressing
degradation of the supply performance of supplying air to
the engine.

[0126] (ltem 5) The straddled vehicle according to any
one of items 1 to 4, wherein the air cleaner may include an
air cleaner case thatincludes the outer wall and forms the
inner space of the air cleaner, and a filter element that
sections the inner space into a contamination section and
the clean section, in the outer wall, an opening that
causes the clean section of the inner space to commu-
nicate with an outer space of the air cleaner case, and the
attached portion of the intake pipe may be attached to the
outer wall by being fitted to the opening of the outer wall.
[0127] Inthis case, inthe air cleaner, the air introduced
into the contamination section is purified by the filter
element and flows to the clean section. In the clean
section, the purified air flows into the intake pipe through
the funnel portion and the one or plurality of through holes
oftheintake pipe. Thereafter, the purified airis supplied to
the engine through the intake pipe.

[0128] (ltem 6) The straddled vehicle according to any
one of items 1 to 5, may further include a throttle body to
which the downstream portion of the intake pipe is con-
nected and which is connected to an intake port of the
engine and is configured to be another portion of the
intake path.

[0129] The throttle body includes a flow-path forming
pipe, a throttle valve and a valve actuator, for example.
The flow-path forming pipe is a member that forms a flow
path that guides air purified by the air cleaner to the
engine. The throttle valve is a valve configured to be
capable of opening and closing the flow path formed of
the flow-path forming pipe. The valve actuator is a device
that adjusts an opening of the throttle valve. With the
above-mentioned configuration, the downstream portion
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of the intake pipe is connected to the flow-path forming
pipe.

[0130] In this case, it is not necessary to provide an
additional configuration for reducing an intake sound,
such as aresonator, in the intake pipe. Therefore, a valve
actuator can be provided in the vicinity of the flow-path
forming pipe without consideration of interference with an
additional configuration for reducing an intake sound.
Therefore, the configurations of the air cleaner, the intake
pipes, the throttle body and the peripheral members can
be made compact. Further, the flexibility of layout of the
air cleaner, the intake pipes, the throttle body and its
peripheral members is improved.

[0131] (ltem 7) The straddled vehicle according to any
one of items 1 to 6, wherein the intake path may include a
first intake path and a second intake path that respec-
tively guide air that has been cleaned by the air cleaner to
the engine, the intake pipe may include a first intake pipe
that is configured to be one portion of the first intake path,
and a second intake pipe that is arranged in one direction
with respect to the first intake pipe and is configured to be
one portion of the second intake path, each of the first
intake pipe and the second intake pipe may have the
upstream portion, the downstream portion and the at-
tached portion and may have the one or plurality of
through holes in a portion, that is closer to the attached
portion than to the funnel portion, in the pipe portion of the
upstream portion, and the one or plurality of through
holes formed in the first intake pipe and the one or
plurality of through holes formed in the second intake
pipe may be disposed not to be opposite to each other in
the one direction.

[0132] Inthiscase,the state ofanairflowintothe oneor
plurality of through holes in one of the first intake pipe and
the second intake pipe is less likely to be affected by an
airflow generated in the vicinity of the one or plurality of
through holes in the other intake pipe. Therefore, the
natural frequencies of the firstintake path and the second
intake path can be appropriately adjusted. Further, de-
gradation of the supply performance of supplying air to
the engine caused by an unstable state of an airflow into
the two intake pipes is suppressed.

[0133] While preferred embodiments of the present
disclosure have been described above, it is to be under-
stood that variations and modifications will be apparent to
those skilled in the art without departing the scope and
spirit of the present disclosure. The scope of the present
disclosure, therefore, is to be determined solely by the
following claims.

Claims
1. A straddled vehicle (100), comprising:
an engine (30);

an air cleaner (10) that cleans air to be supplied
to the engine (30); and
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an intake pipe (50) that is configured to be one
portion of an intake path (VP) guiding air that has
been cleaned by the air cleaner (10) to the
engine (30), wherein

the intake pipe (50) has

an upstream portion (51) disposed in a clean
section (CS) of an inner space of the air cleaner
(10),

a downstream portion (52) disposed outside of
the air cleaner (10), and

an attached portion (53) that is located between
the upstream portion (51) and the downstream
portion (52) in the intake pipe (30) and is at-
tached to an outer wall of the air cleaner (10),
the upstream portion (51) includes

a funnel portion (511) that opens to the inner
space of the air cleaner, and

a pipe portion (512) that connects the funnel
portion (511) and the attached portion (53) to
each other, and

one or a plurality of through holes (59) are
formed in a portion (512), that is closer to the
attached portion (53) than the funnel portion
(511), in the pipe portion (512)..

The straddled vehicle according to claim 1, wherein
the one or plurality of through holes (59) are one
through hole.

The straddled vehicle according to claim 1 or 2,
wherein

in an axial direction of the intake pipe (30), a length of
the upstream portion (51) is larger than 1/3 of an
entire length of the intake pipe (30).

The straddled vehicle according to any one of claims
1 to 3, wherein

aratio of a total opening area of the one or plurality of
through holes (59) with respect to a flow-path cross-
sectional area of the intake pipe (30) is notless than 8
% and not more than 16 %.

The straddled vehicle according to any one of claims
1 to 4, wherein

the air cleaner (10) includes

an air cleaner case (11) that includes the outer
wall and forms the inner space of the air cleaner
(10), and

afilter element (12) that sections the inner space
into a contamination section (DS) and the clean
section (CS),

in the outer wall, an opening that causes the
clean section (CS) of the inner space to com-
municate with an outer space of the air cleaner
case (11), and

the attached portion (53) of the intake pipe (30) is
attached to the outer wall by being fitted to the



29 EP 4 517 080 A1
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The straddled vehicle according to any one of claims

1to 5, further comprising a throttle body (40) to which

the downstream portion (52) of the intake pipe (30)is 5
connected and which is connected to an intake port

of the engine (30) and is configured to be another
portion of the intake path (VS).

The straddled vehicle according to any one of claims 70
1 to 6, wherein

the intake path (VS) includes a first intake path

and a second intake path that respectively guide

air that has been cleaned by the air cleaner (10) 15
to the engine (30),

the intake pipe (VS) includes:

afirstintake pipe thatis configured to be one
portion of the first intake path, and 20
a second intake pipe thatis arranged in one
direction with respect to the first intake pipe

and is configured to be one portion of the
second intake path,

each of the first intake pipe and the second 25
intake pipe has the upstream portion (51),

the downstream portion (52) and the at-
tached portion (52) and has the one or
plurality of through holes (59) in a portion,
that is closer to the attached portion (53) 30
than to the funnel portion (511), in the pipe
portion (512) of the upstream portion (51),

and

the one or plurality of through holes (59)
formed in the first intake pipe and the one 35
or plurality of through holes (59) formed in

the second intake pipe are disposed not to

be opposite to each other in the one direc-
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