EP 3 795 817 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3795 817 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
24.03.2021 Bulletin 2021/12

(21) Application number: 20196189.3

(22) Date of filing: 15.09.2020

(51) IntCl:
F02M 35/02 (2006.07) F02M 35/16 (2006.01)
F02M 35/08 (2006.01) F02M 35/10 (2006.07)
FO02M 35/14 (200609

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 17.09.2019 JP 2019168682
(71) Applicant: YAMAHA HATSUDOKI KABUSHIKI

KAISHA
lwata-shi Shizuoka 438-8501 (JP)

(72) Inventors:

¢ TERASHIMA, Yoshiki

lwata-shi, Shizuoka 438-8501 (JP)
« HAMADA, Daisuke

lwata-shi, Shizuoka 438-8501 (JP)
¢« KANZAKI, Yuya

lwata-shi, Shizuoka 438-8501 (JP)
¢ SAITO, Hisanori

lwata-shi, Shizuoka 438-8501 (JP)

(74) Representative: Griinecker Patent- und

Rechtsanwailte
PartG mbB
LeopoldstraBe 4
80802 Miinchen (DE)

(54) STRADDLED VEHICLE

(67)  An air cleaner 10 includes an air cleaner case
200 having an inner space, a filter element 500 that is
stored in the air cleaner case 200 to section the inner
space into an upstream space and a downstream space,
and a plurality of three or more air intake ducts 410. Each
air intake duct 410 has an upstream opening that opens
to the outside of the air cleaner case 200 from an air
intake passage formed inside of the air intake duct 410.
Further, each airintake duct410 has adownstream open-
ing that opens to the outside of the air cleaner case 200

from an air intake passage formed inside of the air intake

duct 410. The air that has passed through the plurality
of air intake ducts 410, the upstream space, the filter
element 500 and the downstream space is supplied to
the engine.
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Description

[0001] The presentinvention relates to a straddled ve-
hicle including an engine and an air cleaner.

[0002] Various air cleaners for reducing noise gener-
ated from a straddled vehicle during traveling of the ve-
hicle have been suggested. For example, with the air
cleaner structure described in JP 2011-57131 A, the
length of an air intake passage that connects a main con-
tainer of an air cleaner case to an engine is formed to be
large, whereby the volume of intake noise is reduced
while the output of a torque at medium and low speeds
is ensured.

[0003] Inastraddled vehicle, an air cleaneris generally
provided at a position relatively close to the head of a
rider with the rider riding the straddled vehicle. Therefore,
the rider easily hears the intake noise generated from
the air cleanerduring traveling of the vehicle. As such,
the rider might recognize an operating state of the engine
by hearing the intake noise generated from the air cleaner
and adjust an operation amount of an accelerator grip
during traveling of the vehicle. However, it is difficult to
say that the relationship between an intake noise and an
operating state of the engine is easy for the rider to rec-
ognize. ltis difficult for a rider who is not skilled in driving
a saddled vehicle to recognize the operating state of an
engine even when hearing an intake noise.

[0004] An object of the present invention is to provide
a straddled vehicle that facilitates recognition of an op-
eration state of an engine by a rider when the rider hears
an intake noise.

[0005] An air cleaner includes an air cleaner case, a
filter element, an air intake duct and an air supply duct,
for example. The air cleaner case has an inner space.
The filter element sections the inner space of the air
cleaner case into an upstream space and a downstream
space. The air intake duct is provided to guide air from
the outside of the air cleaner case to the upstream space.
The air that is guided to the upstream space is guided to
the downstream space while being cleaned through the
filter element. The air supply duct is provided so as to
further guide the air in the downstream space of the air
cleaner case to the engine.

[0006] Theinventors of the presentinvention conduct-
ed an experiment in regard to the relationship between
the rotation speed of the engine and the level (volume)
of an intake noise heard by the rider by using an air clean-
er including only one air intake duct. As a result, it was
found that the level of intake noise increases at a sub-
stantially constant change rate as the rotation speed of
the engine increases in the air cleaner including only one
air intake duct.

[0007] With this relationship, it is considered that the
rider can recognize a current rotation speed (operating
state) of the engine according to the level of intake noise.
However, it is actually difficult for the rider to accurately
distinguish the level of intake noise that changes linearly
during traveling of the vehicle.
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[0008] In the following description, the change rate of
the level of intake noise obtained when the rotation speed
of the engine changes is referred to as an intake noise
change rate.

[0009] The inventors of the present invention consid-
ered to make the intake noise change rate obtained when
the rotation speed of the engine was in a specific rotation
speed range be different from the intake noise change
rate obtained when the rotation speed of the engine was
in another rotation speed range. In this case, in a case
where the rotation speed of the engine increases from
being in the other rotation speed range to being in the
specific rotation speed range, the level of intake noise
increases abruptly, for example. With such a change in
level of intake noise, the rider can relatively easily rec-
ognize whether the rotation speed of the engine is in the
specific rotation speed range or the other rotation speed
range.

[0010] Here, the air intake duct has a natural frequen-
cy, and an air column in the air intake duct resonates
when an intake noise having a specific wavelength is
generated. The inventors of the present invention paid
attention to this mechanism, and fabricated a prototype
and conducted an experiment in regard to the configu-
ration of the air cleaner in which the intake noise change
rate was made to be different depending on the rotation
speed of the engine.

[0011] Specifically, the inventors of the present inven-
tion fabricated an air cleaner including three air intake
ducts, and measured the level of an intake noise gener-
ated from the air cleaner when the rotation speed of an
engine was increased. With this experiment, a measure-
ment result in which the intake noise change rate in the
specific rotation speed range was larger than the intake
noise change rate in the other rotation speed range was
obtained. This is because the resonance sounds gener-
ated from the three air intake ducts overlap with one an-
other in the specific rotation speed range of the engine.
[0012] Withthe above-mentioned result of experiment,
the inventors of the present invention have discovered
that provision of three or more air intake ducts in an air
cleaner caused the intake sound change rate to change
to the rate at which the rider can identify the rotation
speed of the engine based on an air intake noise.
[0013] The inventors of the present invention have hit
upon the below-mentioned present invention from the
results of the series of above-mentioned examination and
experiments.

[0014] Above objectis achieved by a straddled vehicle
according to claim 1. Preferred embodiments are laid
down in the dependent claims.

(1) A straddled vehicle according to one aspect dis-
closed herein includes an engine, and an air cleaner
that cleans air supplied to the engine, the air cleaner
including an air cleaner case having an inner space,
a filter element that is stored in the air cleaner case
to section the inner space into an upstream space
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and a downstream space, and a plurality of three or
more air intake ducts respectively forming a plurality
of three or more air intake passages, wherein the
plurality of air intake ducts are provided in the air
cleaner case to respectively have a plurality of up-
stream openings that open to outside of the air clean-
er case from the plurality of air intake passages, re-
spectively have a plurality of downstream openings
that open to the upstream space from the plurality
of air intake passages and guide air outside of the
air cleaner case to the upstream space through the
plurality of air intake passages, and air that has
passed through the plurality of air intake ducts, the
upstream space, the filter element and the down-
stream space is supplied to the engine.

In the straddled vehicle, the air outside of the air
cleaner case is guided to the upstream space of the
air cleaner case through the plurality of air intake
passages of the plurality of air intake ducts during
an operation of the engine. The air that has been
guided to the upstream space is supplied to the en-
gine through the downstream space of the air cleaner
case while being cleaned by the filter element. The
amount of air supplied from the air cleaner to the
engine changes according to the rotation speed of
the engine. Thus, the level (volume) of the intake
noise generated in each air intake duct changes as
the rotation speed of the engine changes.

Each of the plurality of air intake ducts has a natural
frequency, and resonance occurs in a case where
the rotation speed of the engine is in a specific rota-
tion speed range. Therefore, in a case where the
rotation speed of the engine changes from being in
another rotation speed range to being in the specific
rotation speed range, the resonance sounds gener-
ated from the three or more air intake ducts overlap
with one another, and the level of intake noise in-
creases abruptly. Therefore, the rider can easily
identify a change in level of the intake noise gener-
ated from the air cleaner.

As a result, the rider can easily recognize an oper-
ating state of the engine based on the abrupt change
in level of intake noise by hearing the intake noise.
(2) A llength of one air intake passage out of the plu-
rality of air intake passages may be different from a
length of another air intake passage out of the plu-
rality of air intake passages.

The natural frequency of each of the plurality of air
intake passages is determined depending on the
length of the air intake passage. Therefore, in a case
where the length of one air intake passage is different
from the length of another air intake passage, the
resonance frequency of the intake noise generated
by resonance in the one air intake passage is differ-
ent from the resonance frequency of the intake noise
generated by resonance in the other air intake pas-
sage.

Thus, the pitch of the intake noise generated from
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the one air intake passage is different from the pitch
ofthe intake noise generated from the other airintake
passage. Therefore, the intake noises that have dif-
ferent pitches and are generated from the plurality
of air intake passages are simultaneously generat-
ed, whereby a chord including intake noises having
two or more pitches is generated. Thus, the rider can
have an improved driving feeling by hearing the
chord including the intake sounds.

(3) Lengths of the plurality of air intake passages
may be different from one another.

In this case, the pitches of the plurality of intake nois-
es respectively generated from the plurality of air in-
take passages are differentfrom one another. There-
fore, the intake noises that have different pitches and
are generated from the plurality of air intake passag-
es are simultaneously generated, so that a chord
including the intake noises having three or more
pitches is generated. Thus, the rider can have an
improved driving feeling by hearing the chord includ-
ing the intake sounds.

(4) An aperture area of one upstream opening out
ofthe plurality of upstream openings may be different
from an aperture area of another upstream opening.
The level of the intake noise generated in each of
the plurality of air intake passages is determined de-
pending on the rotation speed of the engine and the
aperture area of the upstream opening of the air in-
take passage. Therefore, with the above-mentioned
configuration, the level of an intake noise that has
one frequency and is generated from one air intake
duct can be set different from the level of an intake
noise that has another frequency and is generated
from another intake duct.

(5) A direction in which one upstream opening out
of the plurality of upstream openings is directed may
be different from a direction in which another up-
stream opening is directed.

Thus, adirection in which the intake noise generated
from the one air intake duct is output is different from
a direction in which the intake noise generated from
the other air intake duct is output. This prevents the
intake noise generated from the air cleaner from be-
ing concentrated in one direction to be output.

(6) Each air intake duct may be formed of a rigid
material.

Thus, attenuation of the intake noise is suppressed.
Therefore, the rider can accurately hear the intake
noise to be output from the air cleaner based on the
design of each air intake duct.

(7) The plurality of downstream openings may be
directed in a common direction.

Thus, a flow of air generated in the upstream space
is stabilized. Thus, an occurrence of turbulence in
the upstream space is suppressed as compared to
the case where the plurality of downstream openings
are directed in different directions. Therefore, a re-
duction in output of the engine caused by an occur-
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rence of turbulence in an air intake system is sup-
pressed.

(8) The plurality of downstream openings may be
located at a position farther downward than a filter
of the filter element in the inner space, and a liquid
drain may be formed in a portion located at a position
farther downward than the plurality of air intake ducts
in the air cleaner case.

In this case, even in a case where droplets of rain-
water or the like enter the plurality of air intake pas-
sages, the droplets are guided to a position farther
downward than the filter of the filter element in the
inner space of the air cleaner case and drained from
the liquid drain. This prevents adherence of droplets
to thefilter, so that the supply of droplets to the engine
and areduction in air intake efficiency due to the filter
being wet are suppressed.

(9) The plurality of air intake ducts may include a first
passage forming member that is constituted by a sin-
gle member and forms one portion of the plurality of
air intake ducts, and a second passage forming
member that forms another portion of the plurality of
air intake ducts, the air cleaner case and the second
passage forming member may be constituted by an
integrally formed single member, and the first pas-
sage forming member may be attached to the sec-
ond passage forming member such that the plurality
of air intake passages are formed.

Thus, facilitation of assembly of the air cleaner is
realized while an increase in number of components
is suppressed.

(10) The second passage forming member may be
formed such that the another portion of the plurality
of air intake ducts extends downwardly in the inner
space.

Thus, even in a case where droplets of rainwater or
the like enter the plurality of air intake passages, the
droplets flow downwardly in the inner space of the
air cleaner. This prevents the droplets from adhering
to the filter, so that a reduction in air intake efficiency
due to the filter being wet is suppressed. Further, the
droplets that have entered the air cleaner is prevent-
ed from being supplied to the engine. Further, a high
flow regulating effect can be obtained in the inner
space of the air cleaner.

(11) A portion of the second passage forming mem-
berthatis located in the inner space of the air cleaner
case may have a plurality of tubular portions that are
formed to respectively correspond to the plurality of
air intake passages.

[0015] Thus, a high flow regulating effect can be ob-
tained in the inner space of the air cleaner case. Further,
with this configuration, the lengths of the plurality of tu-
bular portions are set individually, so that a degree of
freedom in selecting the frequency of the intake noise
generated from the air cleaner is improved.

[0016] Other features, elements, characteristics, and
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advantages of the present invention will become more
apparent from the following description of preferred em-
bodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0017]

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

Fig. 2is an external perspective view of an air cleaner
of Fig. 1;

Fig. 3 is a front view of the air cleaner of Fig. 1;

Fig. 4 is a plan view of the air cleaner of Fig. 1;

Fig. 5 is a cross sectional view taken along the line
A-A of Fig. 4;

Fig. 6 is an exploded perspective view of the air
cleaner of Fig. 1;

Fig. 7 is a diagram for comparing the sizes of up-
stream openings of three air intake ducts;

Fig. 8 is adiagram showing a result of an intake noise
change rate confirmation experiment; and

Fig. 9 is a diagram showing a result of a natural fre-
quency experiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] A straddled vehicle according to one embodi-
ment of the present invention will be described below
with reference to the drawings. A motorcycle will be de-
scribed as one example of the straddled vehicle.

[1] Schematic Configuration of Motorcycle

[0019] Fig. 1is a side view of the motorcycle according
to the one embodiment of the present invention. 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 front-and-rear direction FB, a
left-and-right direction LR and a top-and-bottom direction
UD of the motorcycle 100 are suitably indicated by ar-
rows. The direction in which the arrow is directed in the
front-and-rear 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 left-and-
right direction LR is referred to as leftward, and its oppo-
site direction is referred to as rightward. Further, the di-
rection in which the arrow is directed in the top-and-bot-
tomdirection UD isreferred to as upward, and its opposite
direction is referred to as downward. In part of Fig. 1 and
subsequent given diagrams, forward, rearward, leftward,
rightward, upward and downward are indicated by refer-
ence characters F, B, L, R, U and D, respectively.

[0020] The motorcycle 100 of Fig. 1 includes a metallic
body frame 1. The body frame 1 includes a main frame
1M and a rear frame 1R. The front end of the main frame
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1M constitutes a head pipe HP. The main frame 1M is
formed to extend rearwardly and downwardly from the
head pipe HP. The rear frame 1R is attached to the main
frame 1M so as to extend rearwardly and slightly upward-
ly from the rear end and the vicinity of the rear end of the
main frame 1M.

[0021] A front fork 2 is provided at the head pipe HP
to be swingable in the left-and-right direction LR. A front
wheel 3 is rotatably supported at the lower end of the
front fork 2. A handle 4 is provided at the upper end of
the front fork 2.

[0022] The main frame 1M supports an engine 5 at a
position farther downward than the head pipe HP. An air
cleaner 10 and a fuel tank 8 are provided so as to be
located at a position farther upward than the engine 5
and farther rearward than the head pipe HP. A seat 9 is
provided at a position farther rearward than the fuel tank
8. The air cleaner 10 and the fuel tank 8 are supported
by the main frame 1M, located above the main frame 1M
and arranged in this order in the rearward direction. The
seat 9 is supported mainly by the rear frame 1R and lo-
cated above the rear frame 1R.

[0023] A rear arm 6 is provided to extend rearwardly
from a lower portion at the rear end of the main frame
1M. The rear arm 6 is supported by the main frame 1M
via a pivot shaft. A rear wheel 7 is rotatably supported at
the rear end of the rear arm 6. The rear wheel 7 is rotated
as a drive wheel by the motive power generated from the
engine 5.

[0024] As indicated by the thick-dotted arrow in Fig. 1,
when the motorcycle 100 having the above-mentioned
configuration is traveling, air outside of the motorcycle
100 is guided to the air cleaner 10, and supplied to the
engine 5 while being cleaned. At this time, the level of
sound pressure (volume) of an intake noise generated
in the air cleaner 10 changes according to a rotation
speed of the engine 5.

[0025] In the following description, the change rate of
the level of intake noise obtained when the rotation speed
of the engine 5 changes is referred to as an intake noise
change rate. Further, the intake noise change rate ob-
tained when the rotation speed of the engine 5 is in a
predetermined specific rotation speed range (hereinafter
referred to as a specific range) is referred to as a first
intake noise change rate. Further, the intake noise
change rate obtained when the rotation speed of the en-
gine 5 is in a rotation speed range other than the specific
range (hereinafter referred to as a non-specific range) is
referred to as a second intake noise change rate.
[0026] The air cleaner 10 according to the present em-
bodiment is configured such that the first intake noise
changerateislarger than the second intake noise change
rate. Details of the air cleaner 10 will be described below.
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[2] Configuration of Air Cleaner 10 and Intake Noise
(a) Basic Configuration of Air Cleaner 10

[0027] Fig. 2 is an external perspective view of the air
cleaner 10 of Fig. 1, and Fig. 3 is a front view of the air
cleaner 10 of Fig. 1. Further, Fig. 4 is a plan view of the
air cleaner 10 of Fig. 1, and Fig. 5 is a cross sectional
view taken along the line A-A of Fig. 4.

[0028] As shown in Fig. 2, the air cleaner 10 has the
configuration in which an air cleaner case 200 is provided
with three air intake ducts 410 and three air supply ducts
800. In the following description, when being distin-
guished, the three air intake ducts 410 are respectively
referred to as air intake ducts 410A, 410B, 410C.
[0029] The airintake ducts 410A, 410B, 410C are pro-
vided in the front half part of the air cleaner case 200 so
as to be arranged in this order from the right to the left.
The three air supply ducts 800 are provided in the rear
half part of the air cleaner case 200 (the rear half part of
a space forming member 220 described below) so as to
be arranged in the left-and-right direction LR.

[0030] The air cleaner case 200 has an inner space.
As indicated by the two-dots and dash lines in Figs. 2 to
4, arectangular plate-shaped filter element 500 is stored
in the inner space of the air cleaner case 200. As shown
in Fig. 5, the filter element 500 is constituted by a filter
501 and a filter holder 502. The filter holder 502 holds
the filter 501, and is fixed in the air cleaner case 200 such
that the inner space of the air cleaner case 200 is sec-
tioned into two spaces arranged in the front-and-rear di-
rection FB with the filter 501 interposed therebetween.
[0031] In the following description, the one space lo-
cated forwardly of thefilter element 500 in the inner space
of the air cleaner case 200 is referred to as an upstream
space US. Further, the other space located rearwardly
of the filter element 500 in the inner space of the air clean-
er case 200 is referred to as a downstream space DS.
[0032] Here, the air intake duct 410A has an air intake
passage P1 (see the portion indicated by the thick one-
dot and dash line in Fig. 3) formed therein and has an
upstream opening 411 and a downstream opening 412.
The upstream opening 411 opens the air intake passage
P1 of the air intake duct 410A to the outside of the air
cleaner case 200. On the other hand, the downstream
opening 412 opens the air intake passage P1 of the air
intake duct 410A to the upstream space US of the air
cleaner case 200. The cross section that is perpendicular
tothe direction of the central axis of the airintake passage
P1 extending from the upstream opening 411 to the
downstream opening 412 is substantially constant.
[0033] Further, the air intake duct 410B has an air in-
take passage P2 (see the portion indicated by the thick
one-dot and dash line in Fig. 3) formed therein and has
an upstream opening 421 and a downstream opening
422. The upstream opening 421 opens the air intake pas-
sage P2 of the air intake duct 410B to the outside of the
air cleaner case 200. On the other hand, the downstream
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opening 422 opens the air intake passage P2 of the air
intake duct 410B to the upstream space US of the air
cleaner case 200. The cross section that is perpendicular
to the direction of the central axis of the airintake passage
P2 extending from the upstream opening 421 to the
downstream opening 422 is substantially constant.
[0034] Further, the air intake duct 410C has an air in-
take passage P3 (see the portion indicated by the thick
one-dot and dash line in Fig. 3) formed therein, and has
an upstream opening 431 and a downstream opening
432. The upstream opening 431 opens the air intake pas-
sage P3 of the air intake duct 410C to the outside of the
air cleaner case 200. On the other hand, the downstream
opening 432 opens the air intake passage P3 of the air
intake duct 410C to the upstream space US of the air
cleaner case 200. The cross section that is perpendicular
to the direction of the central axis of the airintake passage
P3 extending from the upstream opening 431 to the
downstream opening 432 is substantially constant.
[0035] Each of the three air supply ducts 800 has an
air supply passage formed therein. The downstream
space DS of the air cleaner case 200 communicates with
the outside of the air cleaner case 200 through the air
supply passages of the three air supply ducts 800. The
downstream ends of the air supply ducts 800 are con-
nected to the engine 5 of Fig. 1 through a throttle body
(not shown).

[0036] As indicated by the thick dotted arrows in Fig.
5, when the motorcycle 100 is traveling, the air outside
the air cleaner case 200 passes through the three air
intake ducts 410, the upstream space US, the filter ele-
ment 500 and the downstream space DS. Thereafter, the
air that has passed through the downstream space DS
is supplied to the engine 5 of Fig. 1 through the three air
supply ducts 800.

(b) Various Components Constituting Air Cleaner 10 and
Its Assembly

[0037] Fig. 6 is an exploded perspective view of the air
cleaner 10 of Fig. 1. As shown in Fig. 6, the air cleaner
10 is mainly constituted by the air cleaner case 200, a
first passage forming member 310, the filter element 500
and the three air supply ducts 800. Further, the air cleaner
case 200 includes a lid member 210 and a space forming
member 220.

[0038] The space forming member 220 has a bottom
portion 228 and a peripheral wall portion 229 that form
an inner space, and an upper opening 221 that opens
the inner space upwardly. The three air supply ducts 800
are attached to the rear end of the space forming member
220.

[0039] The lid member 210 is attached to the upper
end of the space forming member 220 so as to close the
upper opening 221 of the space forming member 220
with the filter element 500 arranged inside of the space
forming member 220. Thus, the air cleaner case 200 in-
cluding the lid member 210 and the space forming mem-
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ber 220 is completed. At this time, the filter element 500
is fixed in the air cleaner case 200, and the inner space
of the air cleaner case 200 is sectioned into the upstream
space US and the downstream space DS (see Fig. 5).
[0040] The lid member 210 is provided with a second
passage forming member 320 corresponding to the first
passage forming member 310. The lid member 210 and
the second passage forming member 320 are constituted
by an integrally formed single member.

[0041] The first passage forming member 310 is con-
stituted by a single member, and forms one portion (an
upper end portion of the three air intake ducts 410 in the
present example) of the three air intake ducts 410 of Fig.
2. On the other hand, the second passage forming mem-
ber 320 forms another portion (the portion other than the
upper end portion of the three air intake ducts 410 in the
present example) of the three air intake ducts 410 of Fig.
2. Thus, the first passage forming member 310 is at-
tached to the upper end of the second passage forming
member 320. Therefore, the three air intake ducts 410
of Fig. 2 are completed, and the air intake passages P1,
P2,P3 (Fig.3)are formedinthe three airintake ducts 410.
[0042] Here, the above-mentioned space forming
member 220 is fabricated by injection molding of resin.
Further, the first passage forming member 310 is fabri-
cated by injection molding of resin. Further, the lid mem-
ber 210 and the second passage forming member 320
are integrally fabricated by injection molding of resin. In
this manner, the three air intake ducts 410 are not indi-
vidually provided in the air cleaner 10 according to the
present embodiment. The three air intake ducts 410 are
formed by the combination of two components (the first
passage forming member 310 and the second passage
forming member 320). Further, the lid member 210 and
the second passage forming member 320 are constituted
by a single member. Therefore, facilitation of assembly
of the air cleaner 10 is realized while an increase in
number of components of the air cleaner 10 is sup-
pressed.

(c) Regarding Intake Noise Generated in Air Cleaner 10

[0043] In general, the intake noise change rate of an
air cleaner provided in a straddled vehicle is determined
based on the number, shape and size of air intake ducts
provided in the air cleaner. As described above, the in-
ventors of the present invention have discovered that a
rider can identify whether the rotation speed of the engine
5 is in the specific range by hearing an intake noise with
an air cleaner including three or more air intake ducts.
As such, in the present embodiment, the three air intake
ducts 410 are provided in the air cleaner 10 such that the
first intake noise change rate is larger than the second
intake noise change rate.

[0044] Further, in the air cleaner 10 according to the
present embodiment, the lengths of the three air intake
ducts 410 are set to be different from one another. Spe-
cifically, as shown in Figs. 2 and 3, the air intake duct
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410A is the longest and the air intake duct 410B is the
shortest among the three air intake ducts 410. Here, in
the present embodiment, the length of an air intake duct
having an upstream opening and a downstream opening
is the length of a central axis of an air intake passage of
the air intake duct extending from the upstream opening
to the downstream opening.

[0045] Each of the three air intake ducts 410 has a
natural frequency corresponding to the length of the air
intake duct. Therefore, the resonance frequency of an
intake noise generated by resonance in the air intake
duct 410A, the resonance frequency of an intake noise
generated by resonance in the air intake duct 410B and
the resonance frequency of an intake noise generated
by resonance in the air intake duct 410C are different
from one another. In this case, the pitches of the intake
noises generated in the three air intake ducts 410 are
different from one another. Basically, in air intake ducts,
the larger the length of an air intake duct is, the lower the
pitch of an intake noise generated from the air intake duct
is, and the smaller the length of an air intake duct is, the
higher the pitch of an intake noise generated from the air
intake duct is.

[0046] Therefore, when the intake noises that have dif-
ferent pitches and are generated from the three air intake
ducts 410 are simultaneously generated, a chord includ-
ing the intake noises having three or more pitches is pro-
duced. Thus, the rider can have an improved driving feel-
ing by hearing the chord including the intake sounds.
[0047] Here, letting the natural frequency of an air in-
take duct be "f," letting the sound velocity be "c" and let-
ting the length of the air intake duct be "L," the natural
frequency of the air intake duct can be expressed by the
following formula (1).

f=c/2L... (1)

[0048] Therefore, the length of each of the above-men-
tioned three air intake ducts 410 can be set based on the
above-mentioned formula (1) such that the intake noise
having a desired resonance frequency is obtained. The
natural frequencies of the three air intake ducts 410 are
preferably set such that the three intake noises generated
by resonance in the three air intake ducts 410 overlap
with one another.

[0049] Further, in the air cleaner 10 according to the
present embodiment, the aperture area of at least one
of the upstream openings 411, 421, 431 of the three air
intake ducts 410 is set different from the aperture area
of another upstream opening.

[0050] Here, the level of the intake noise generated
from an air intake duct depends on the rotation speed of
the engine and the aperture area of the upstream opening
of the air intake duct. Fig. 7 is a diagram for comparing
the sizes of the upstream openings 411, 421, 431 of the
three airintake ducts 410. As shown in Fig. 7, the aperture
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areas of the upstream openings 411, 421, 431 of the
three air intake ducts 410 provided in the air cleaner 10
are different from one another. Specifically, the three up-
stream openings 411, 421, 431 are formed such that the
aperture area of the upstream opening 411 is smaller
than that of the upstream opening 421 and the aperture
area of the upstream opening 421 is smaller than that of
the upstream opening 431. That is, among the aperture
areas of the three upstream openings 411, 421, 431, the
aperture area of the upstream opening 411 of the air in-
take duct 410A is the smallest, and the aperture area of
the upstream opening 431 of the air intake duct 410C is
the largest.

[0051] In this case, the level of the intake noise gen-
erated from the air intake duct 410A is lower than the
levels of the intake noises generated from the air intake
ducts 410B, 410C. Further, the level of the intake noise
generated from the air intake duct 410B is lower than the
level of the intake noise generated from the air intake
duct 410C. The upstream opening 421 of the air intake
duct 410B is formed to be directed toward the head of
the rider who rides the motorcycle 100. Therefore, an
excessive increase in level of the intake noise that is out-
put toward the rider can be suppressed.

[0052] Further, as shown in Fig. 7, each of the up-
stream openings 411, 421, 431 is substantially rectan-
gular and has curved corner portions. With such a shape,
a high flow regulating effect can be obtained in the up-
stream space US as compared to the case where each
upstream opening 411, 421, 431 has corner portions that
are bent at aright angle. Further, as described above, in
a case where each of the upstream openings 411, 421,
431 is substantially rectangular, generation of dead spac-
es among the air intake passages P1, P2, P3 is reduced
as compared to the case where the upstream openings
411, 421, 431 are circular. The upstream openings 411,
421, 431 may be circular.

[0053] Further, in the air cleaner 10 according to the
present embodiment, the directions in which the up-
stream openings 411, 421, 431 of the three air intake
ducts 410 are directed are different from one another.
Thus, the direction in which the intake noise generated
from the air intake duct 410A is output, the direction in
which the intake noise generated from the air intake duct
410B is output and the direction in which the intake noise
generated from the air intake duct 410C is output are
different from one another. Specifically, as shown in Fig.
4, the upstream opening 411 of the air intake duct 410A
is directed obliquely, rearwardly and rightwardly. Further,
the upstream opening 421 of the air intake duct 410B is
directed upwardly. Further, the upstream opening 431 of
the air intake duct 410C is directed leftwardly. Thus, the
intake noises generated from the air cleaner 10 is pre-
vented from being concentrated in one direction to be
output.
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(d) Regarding Flow of Fluid Inside of Air Cleaner 10

[0054] As shown in Figs. 2 and 3, the downstream
openings 412, 422, 432 of the three air intake ducts 410
are all directed downwardly inside of the air cleaner case
200. With such a configuration, the air flowing into the
upstream space US of the air cleaner case 200 from the
three air intake ducts 410 flows in the common direction,
and the flow of air generated in the upstream space US
is stabilized. Thus, an occurrence of turbulence in the
upstream space US is suppressed as compared to the
case where the downstream openings 412, 422, 432 are
directed in different directions. Therefore, a reduction in
output of the engine 5 due to an occurrence of turbulence
in the air cleaner 10 is suppressed.

[0055] Inthe air cleaner 10, the second passage form-
ing member 320 is formed such that the downstream
portions of the three air intake ducts 410 extend down-
wardly in the upstream space US. With such a configu-
ration, even in a case where droplets of rainwater or the
like enter any of the three air intake ducts 410, the drop-
lets flow downwardly in the upstream space US. This
prevents the droplets from directly adhering to the filter
501, so that a reduction in air intake efficiency due to the
filter 501 being wet is suppressed. Further, the droplets
that have entered the air cleaner 10 are prevented from
being supplied to the engine 5. Further, because the air
passing through the three air intake ducts 410 flows
downwardly in the upstream space US of the air cleaner
10, a high flow regulating effect can be obtained.
[0056] AsshowninFig.6,the second passage forming
member 320 has the configuration in which three tubular
portions 321, 322, 323 forming the other parts of the three
air intake ducts 410 are integrated. Here, the lengths of
the three tubular portions 321, 322, 323 of the second
passage forming member 320 may be the same or dif-
ferent from one another. The degree of freedom in se-
lecting the frequency of an intake noise generated from
the air cleaner 10 is improved by individually setting of
the lengths of the three tubular portions 321, 322, 323.
[0057] As shown in Fig. 5, the downstream opening
422 of the air intake duct 410B is located at a position
farther downward than the filter 501 of the filter element
500intheinner space ofthe air cleaner case 200. Further,
similarly to the downstream opening 422, the down-
stream openings 412, 432 of the air intake ducts 410A,
410C are also located at positions farther downward than
the filter 501 of the filter element 500. Further, a liquid
drain 227 is formed in a portion of the air cleaner case
200 located at a position farther downward than the three
air intake ducts 410. The liquid drain 227 of Fig. 5 is
formed at a position farther upstream than the filter ele-
ment 500. With such a configuration, in a case where
droplets of rainwater or the like enter any of the three air
intake ducts 410, the droplets are guided to the bottom
portion of the inner space of the air cleaner case 200 and
drained from the liquid drain 277.
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[3] Effects
[0058]

(a) In the above-mentioned motorcycle 100, the air
outside of the air cleaner 10 is guided to the upstream
space US of the air cleaner case 200 through the air
intake passages P1, P2, P3 of the three air intake
ducts 410 during an operation of the engine 5. The
air that has been guided to the upstream space US
is supplied to the engine 5 through the downstream
space DS of the air cleaner case 200 while being
cleaned by the filter element 500. An amount of air
supplied from the air cleaner 10 to the engine 5
changes according to the rotation speed of the en-
gine 5. Thus, the level of the intake noise generated
in each air intake duct 410 changes as the rotation
speed of the engine 5 changes.

Here, as described above, the air cleaner 10 is con-
figured such that the first intake noise change rate
is larger than the second intake noise change rate.
Thus, in the case where the rotation speed of the
engine 5 changes from being in the non-specific
range to being in the specific range, the resonance
sounds generated from the three airintake ducts 410
overlap with one another. Thus, the level of intake
noise increases abruptly. Therefore, the rider can
easily identify a change in level of an intake noise
generated from the air cleaner 10.

As a result, the rider can easily recognize an oper-
ating state of the engine 5 based on an abrupt
change in level of intake noise by hearing the intake
noise.

(b) In the above-mentioned air cleaner 10, the spe-
cific range corresponding to the first intake noise
change rate may be set relatively low. In this case,
because the level of intake noise changes largely in
the relatively low rotation speed range as compared
to a conventional air cleaner including one air intake
duct, for example, the user can enjoy a feeling of
acceleration of the vehicle.

(c) If a soft material such as rubber is used as a
material for forming an air intake duct, anintake noise
is likely to be absorbed by the air intake duct. In con-
trast, in the air cleaner 10, a rigid material having
rigidity higher than that of rubber is used as the ma-
terial of the three air intake ducts 410. In the present
embodiment, the rigid material is resin. Thus, atten-
uation of the intake noise generated in the air cleaner
10 caused by absorption of the intake noise by each
airintake duct 410 is suppressed. Therefore, the rid-
er can accurately hear an intake noise to be output
from the air cleaner 10 based on the design of each
air intake duct 410.

[4] Experiment Regarding Intake Noise

[0059]
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(a) The inventors of the presentinvention conducted
an experiment to measure the relationship between
the level of intake noise and the rotation speed of
the engine 5 in regard to an air cleaner including one
air intake duct. Further, the inventors of the present
invention conducted an experiment to measure the
relationship between the level of intake noise and
the rotation speed of the engine 5 in regard to the
air cleaner 10 of Fig. 2. These experiments are re-
ferred to as intake noise change rate confirmation
experiments.

In the intake noise change rate confirmation exper-
iments, the inventors of the present invention con-
nected the air cleaner including one air intake duct
to the engine 5, and measured the level of an intake
noise output from the one air intake duct while in-
creasing the rotation speed of the engine 5. Further,
the inventors of the present invention connected the
air cleaner 10 of Fig. 2 to the engine 5 and measured
a combined value of the levels of the intake noises
output from the three air intake ducts 410 while in-
creasing the rotation speed of the engine 5.

Fig. 8 is a diagram showing the results of the intake
noise change rate confirmation experiments. In Fig.
8, the results of the intake noise change rate confir-
mation experiments are shown by a graph. In the
graph of Fig. 8, the ordinate indicates the level of
intake noise, and the abscissa represents the rota-
tion speed of the engine 5. Further, in Fig. 8, the
result of experiment in regard to the air cleaner in-
cluding one air intake duct is indicated by the thick
one-dot and dash line. On the other hand, the result
of experiment in regard to the air cleaner 10 of Fig.
2 is indicated by the thick solid line.

As shown in Fig. 8, in regard to the air cleaner in-
cluding one air intake duct, the level of intake noise
increases at a substantially constant change rate as
the rotation speed of the engine increases. In con-
trast, in regard to the air cleaner 10 of Fig. 2, the
level of intake noise changes abruptly when the ro-
tation speed of the engine 5 is in the specific rotation
speed range as indicated by the outlined arrow in
Fig. 8. This is because the resonance sounds gen-
erated from the three air intake ducts 410 overlap
with one another when the rotation speed of the en-
gine 5 is in the specific rotation speed range.

From the above-mentioned results of experiments,
it is found that the air cleaner 10 of Fig. 2 facilitates
determination to be made by the rider based on an
intake noise in regard to whetherthe rotation speed
of the engine 5 is in the specific range or the non-
specific range.

According to the results of experiments of Fig. 8, in
the range in which the rotation speed exceeds the
specific rotation speed range, the change rate of lev-
el of intake noise in regard to the air cleaner 10 of
Fig. 2 is maintained higher than the change rate of
level of intake noise in regard to the air cleaner in-
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cluding one air intake duct. Therefore, it is found that
determination to be made by the rider based on an
intake noise whether the rotation speed of the engine
5 exceeds the specific rotation speed range is also
facilitated.

(b) In regard to the air cleaner 10 of Fig. 2, the in-
ventors of the present invention conducted an ex-
periment to confirm a difference in frequency of in-
take noises generated from the three air intake ducts
410 having different lengths. The difference in fre-
quency of intake noises is generated due to a differ-
ence in natural frequency of the three airintake ducts
410. As such, this experiment is referred to as a nat-
ural frequency experiment.

[0060] In the natural frequency experiment, the inven-
tors of the present invention input sounds having a plu-
rality of frequencies to the three air supply ducts 800 of
the air cleaner 10 of Fig. 2 and measured the relationship
between a combined value of the levels of the intake
noises output from the three air intake ducts 410 and the
frequencies of the intake noises.

[0061] Fig. 9 is a diagram showing the result of the
natural frequency experiment. In Fig. 9, the result of the
natural frequency experiment is shown by a graph. In the
graph of Fig. 9, the ordinate indicates the level of intake
noise, and the abscissa indicates the frequency of intake
noise. Further, in Fig. 9, the relationship between the
combined value of the levels of intake noises and the
frequencies of intake noises obtained by the experiment
is indicated by the thick solid line.

[0062] As shown in Fig. 9, according to the result of
the natural frequency experiment, peaks respectively
corresponding to the air intake ducts 410A, 410B, 410C
were confirmed at three different frequencies. In Fig. 9,
the peak corresponding to the air intake duct 410A is
indicated by the arrow PA, the peak corresponding to the
air intake duct 410B is indicated by the arrow PB and the
peak corresponding to the air intake duct 410C is indi-
cated by the arrow PC. According to this result, in a case
where the intake noises are simultaneously output from
the three air intake ducts 410 having different lengths, a
chord including intake noises having three or more pitch-
es is generated.

[5] Other Embodiments
[0063]

(a) While the three air intake ducts 410 are formed
by the first passage forming member 310 and the
second passage forming member 320 in the air
cleaner 10 according to the above-mentioned em-
bodiment, the present invention is not limited to this.
The air cleaner 10 may have the configuration in
which three individually formed tubular air intake
ducts 410 are attached to the air cleaner case 200.
In this case, the three air intake ducts 410 may have
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the same length or different lengths. Further, the up-
stream openings of the three air intake ducts 410
may have different aperture areas. Further, the three
air intake ducts 410 may be attached to three por-
tions that are spaced apart from one another in the
air cleaner case 200 (a portion directed forwardly, a
portion directed rightwardly and a portion directed
leftwardly in the air cleaner case 200, for example).
(b) While the portions that are formed by the second
passage forming member 320 in the three air intake
ducts 410 are arranged in the left-right direction LR
without being spaced apart from one another in the
air cleaner 10 according to the above-mentioned em-
bodiment, the present invention is not limited to this.
One ofthe three airintake ducts 410 may be provided
to be spaced apart from the other air intake ducts
410. Alternatively, each of the three air intake ducts
410 may be provided to be spaced apart from the
other air intake ducts 410.

(c) While the upstream openings 411, 421, 431 of
the three air intake ducts 410 are directed in different
directions in the air cleaner 10 according to the
above-mentioned embodiment, the present inven-
tion is not limited to this. The three air intake ducts
410 may be provided such that the upstream open-
ings 411,421, 431 are directed in the same direction.
(d) While the air cleaner 10 according to the above-
mentioned embodiment has the three air intake
ducts 410, the present invention is not limited to this.
The air cleaner 10 may have four or more air intake
ducts 410.

(e) While the air cleaner 10 according to the above-
mentioned embodiment has the three air supply
ducts 800, the present invention is not limited to this.
The air cleaner 10 may only have one air supply duct
800, may have two air supply ducts 800 or may have
four or more air supply ducts 800.

(f) While the above-mentioned embodiment is an ex-
ample in which the present invention is applied to
the motorcycle, the invention is not limited to this.
The present invention may be applied to another
straddled vehicle such as a four-wheeled automo-
bile, a motor tricycle or an ATV (All Terrain Vehicle).

[6] Correspondences between Constituent Elements in
Claims and Parts in Preferred Embodiments

[0064] 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
invention are explained.

[0065] In the above-mentioned embodiment, the en-
gine 5 is an example of an engine, the air cleaner 10 is
an example of the air cleaner, the air cleaner case 200
is an example of an air cleaner case, the filter element
500 is an example of a filter element, the air intake pas-
sages P1, P2, P3 are an example of a plurality of air
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10

intake passages and a plurality of air intake ducts 410,
410A, 410B, 410C are an example of a plurality of air
intake ducts.

[0066] Further, the upstream openings 411, 421, 431
are an example of a plurality of upstream openings, the
downstream openings 412, 422, 432 are an example of
a plurality of downstream openings, the motorcycle 100
is an example of a straddled vehicle, the filter 501 is an
example of a filter, the liquid drain 227 is an example of
a liquid drain, the first passage forming member 310 is
an example of a first passage forming member and the
second passage forming member 320 is an example of
a second passage forming member.

[0067] As each of constituent elements recited in the
claims, various other elements having configurations or
functions described in the claims can be also used.
[0068] While preferred embodiments of the present in-
vention have been described above, itis to be understood
that variations and modifications will be apparentto those
skilled in the art without departing the scope and spirit of
the presentinvention. The scope of the presentinvention,
therefore, is to be determined solely by the following
claims.

Claims
1. A straddled vehicle (100) comprising:

an engine (5); and

an air cleaner (10) that is configured to clean air
to be supplied to the engine (5),

the air cleaner (10) comprising:

an air cleaner case (200) having an inner
space;

afilter element (500) that is stored in the air
cleaner case (200) to section the inner
space into an upstream space (US) and a
downstream space (DS); and

a plurality of three or more air intake ducts
(410A, 410B, 410C) respectively forming a
plurality of three or more airintake passages
(P1, P2, P3), wherein

the plurality of air intake ducts (410A, 410B,
410C) are provided in the air cleaner case
(200) to respectively have a plurality of up-
stream openings (411, 421, 431) that open
to outside of the air cleaner case (200) from
the plurality of air intake passages (P1, P2,
P3), respectively have a plurality of down-
stream openings (412, 422, 432) that open
to the upstream space (US) from the plural-
ity of air intake passages (P1, P2, P3) and
are configured to guide air outside of the air
cleaner case (200) to the upstream space
(US) through the plurality of air intake pas-
sages (P1, P2, P3), and
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the straddled vehicle is configured such that
air that has passed through the plurality of
air intake ducts(410A, 410B, 410C), the up-
stream space (US), the filter element (500)
and the downstream space (DS) is supplied
to the engine (5).

The straddled vehicle (100) according to claim 1,
wherein

alength of one air intake passage out of the plurality
of air intake passages (P1, P2, P3) is different from
a length of another air intake passage out of the plu-
rality of air intake passages (P1, P2, P3).

The straddled vehicle (100) according to claim 1,
wherein

lengths of the plurality of air intake passages (P1,
P2, P3) are different from one another.

The straddled vehicle (100) according to any one of
claims 1 to 3, wherein

an aperture area of one upstream opening out of the
plurality of upstream openings (411, 421, 431) is dif-
ferent from an aperture area of another upstream
opening.

The straddled vehicle (100) according to any one of
claims 1 to 4, wherein

a direction in which one upstream opening out of the
plurality of upstream openings (411, 421, 431) is di-
rected is different from a direction in which another
upstream opening is directed.

The straddled vehicle (100) according to any one of
claims 1 to 5, wherein

each air intake duct (410A, 410B, 410C) is formed
of a rigid material.

The straddled vehicle (100) according to any one of
claims 1 to 6, wherein

the plurality of downstream openings (412,422,432)
are directed in a common direction.

The straddled vehicle (100) according to any one of
claims 1 to 7, wherein, in a state of the straddled
vehicle (100) standing up to be perpendicular to a
horizontal road surface,

the plurality of downstream openings (412,422,432)
are located at a position farther downward than a
filter (500) of the filter elementin the inner space, and
a liquid drain (227) is formed in a portion located at
a position farther downward than the plurality of air
intake ducts (410A, 410B, 410C) in the air cleaner
case (200).

The straddled vehicle (100) according to any one of
claims 1 to 8, wherein
the plurality of air intake ducts (410A, 410B, 410C)
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include

a first passage forming member (310) that is consti-
tuted by a single member and forms one portion of
the plurality of air intake ducts (410A, 410B, 410C),
and

a second passage forming member (320) that forms
another portion of the plurality of air intake ducts
(410A, 410B, 410C),

the air cleaner case (200) and the second passage
forming member (320) are constituted by an integral-
ly formed single member, and

the first passage forming member (310) is attached
to the second passage forming member (320) such
that the plurality of air intake passages (P1, P2, P3)
are formed.

The straddled vehicle (100) according to claim 9,
wherein

the second passage formingmember (320) is formed
such that the another portion of the plurality of air
intake ducts (410A, 410B, 410C) extends down-
wardly in the inner space in a state of the straddled
vehicle (100) standing up to be perpendicular to a
horizontal road surface.

The straddled vehicle (100) according to claim 9 or
10, wherein

a portion of the second passage forming member
(320) that is located in the inner space of the air
cleaner case (200) has a plurality of tubular portions
(321, 322, 323) that are formed to respectively cor-
respond to the plurality of air intake passages (P1,
P2, P3).

An air cleaner of the straddled vehicle according to
any of the preceding claims.
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