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(54) INTERNAL COMBUSTION ENGINE STRUCTURE

(57) An internal combustion engine structure in-
cludes: a crankshaft (10) that converts reciprocating mo-
tion of a piston (24) disposed inside a cylinder (12) of an
internal combustion engine (2) to be mounted on a vehi-
cle into rotational motion; a case member (11) that hous-
es the crankshaft (10); a balancer shaft (14) that sup-

presses vibration of the crankshaft (10); a starting device
(15) that starts the internal combustion engine (2); and
a detection device (16) that is disposed between the bal-
ancer shaft (14) and the starting device (15) in a side
view and determines the rotation speed of the crankshaft
(10).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an internal
combustion engine structure.
[0002] Priority of the present invention is claimed on
Japanese Patent Application No. 2019-122892, filed July
1, 2019, the content of which is incorporated herein by
reference.

BACKGROUND ART

[0003] Conventionally, in an internal combustion en-
gine of a saddle-ride vehicle, a structure including a de-
tection object that rotates integrally with a crankshaft and
a detection sensor that generates a pulse signal accord-
ing to movement of the detection object is known. For
example, a structure of Patent Document 1 includes an
annular plate-shaped pulser ring (detection object) cou-
pled to a crankshaft coaxially with a rotation axis of the
crankshaft, and a pulser sensor (detection sensor) that
is oriented toward an annular trajectory of the pulser ring
and generates a pulse signal according to movement of
the pulser ring.

RELATED ART DOCUMENT

PATENT DOCUMENT

[0004] [Patent Document 1]

SUMMARY

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] By the way, it is required to suppress deflection
of a crankshaft from a viewpoint of enhancing the detec-
tion accuracy of a detection sensor. On the other hand,
it is desirable to dispose the detection sensor at a suitable
position.
[0006] Therefore, an object of the present invention is
to dispose a detection device at a suitable position while
suppressing deflection of a crankshaft in an internal com-
bustion engine structure.

MEANS FOR SOLVING THE PROBLEM

[0007] As a means for solving the above problem, an
aspect of the present invention has the following consti-
tutions.

(1) An internal combustion engine structure accord-
ing to an aspect of the present invention includes: a
crankshaft (10) that converts reciprocating motion of
a piston (24) disposed inside a cylinder (12) of an
internal combustion engine (2) to be mounted on a
vehicle into rotational motion; a case member (11)

that houses the crankshaft (10); a balancer shaft (14)
that suppresses vibration of the crankshaft (10); a
starting device (15) that starts the internal combus-
tion engine (2); and a detection device (16) that is
disposed between the balancer shaft (14) and the
starting device (15) in a side view and determines
the rotation speed of the crankshaft (10).
(2) An internal combustion engine structure accord-
ing to an aspect of the present invention includes: a
crankshaft (10) that converts reciprocating motion of
a piston (24) disposed inside a cylinder (12) of an
internal combustion engine (2) to be mounted on a
vehicle into rotational motion; a case member (11)
that houses the crankshaft (10); a balancer shaft (14)
that suppresses vibration of the crankshaft (10); and
a detection device (16) that is disposed between a
virtual line (K3) connecting a center (P2) of the crank-
shaft (10) and a center (P3) of the balancer shaft
(14) and a center axis (C1) of the cylinder (12) in a
side view and determines the rotation speed of the
crankshaft (10).
(3) The internal combustion engine structure accord-
ing to (1) or (2) may further include: a cover member
(13) that covers the case member (11); and a bearing
member (52) that is provided in the cover member
(13) and receives an end of the crankshaft (10), in
which the detection device (16) may be disposed
near the bearing member (52) within the range of
the crankshaft (10) in a vehicle width direction.
(4) An internal combustion engine structure accord-
ing to an aspect of the present invention includes: a
crankshaft (10) that converts reciprocating motion of
a piston (24) disposed inside a cylinder (12) of an
internal combustion engine (2) to be mounted on a
vehicle into rotational motion; a case member (11)
that houses the crankshaft (10); a cover member (13)
that covers the case member (11); a bearing member
(52) that is provided in the cover member (13) and
receives an end of the crankshaft (10); and a detec-
tion device (16) that is disposed near the bearing
member (52) within the range of the crankshaft (10)
in a vehicle width direction and determines the rota-
tion speed of the crankshaft (10).
(5) The internal combustion engine structure accord-
ing to any one of (1) to (4) may further include a
support member (17) that covers the detection de-
vice (16) from at least one direction and supports a
plurality of functional components (66).
(6) In the internal combustion engine structure ac-
cording to any one of (1) to (5), the case member
(11) may include a breather chamber (30) having a
labyrinth structure, and the detection device (16)
may overlap with the breather chamber (30) in a side
view.
(7) In the internal combustion engine structure ac-
cording to any one of (1) to (6), the detection device
(16) may be disposed near an orthogonal virtual line
(K1) passing through a center (P2) of the crankshaft
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(10) and orthogonal to a center axis (C1) of the cyl-
inder (12) in a side view.
(8) The internal combustion engine structure accord-
ing to any one of (1) to (7) may further include a
coupling boss (36) that couples the internal combus-
tion engine (2) and a vehicle body frame (6), in which
the detection device (16) may be disposed between
a starting device (15) that starts the internal combus-
tion engine (2) and the coupling boss (36) or between
a balancer shaft (14) that suppresses vibration of the
crankshaft (10) and the coupling boss (36) in a side
view.
(9) The internal combustion engine structure accord-
ing to any one of (1) to (8) may further include a
generator (18) having a rotor (71) rotatable about a
center axis (C2) of the crankshaft (10), in which the
rotor (71) may include a plurality of protrusions (72)
formed over an outer periphery of the rotor (71), and
the protrusions (72) may be formed on the same
plane as the detection device (16) in a virtual plane
(S1) orthogonal to the center axis (C2) of the crank-
shaft (10).
(10) The internal combustion engine structure ac-
cording to any one of (1) to (9) may further include
a generator (18) having a rotor (71) rotatable about
a center axis (C2) of the crankshaft (10), in which
the rotor (71) may include a disk-shaped bottom
plate portion (71c) and a plurality of protrusions (72)
formed over an outer periphery of the rotor (71), and
the protrusions (72) may be formed on a side of the
bottom plate portion (71c).
(11) The internal combustion engine structure ac-
cording to any one of (1) to (10) may further include
a generator (18) having a rotor (71) rotatable about
a center axis (C2) of the crankshaft (10), in which
the rotor (71) may include a plurality of protrusions
(72) formed over an outer periphery of the rotor (71),
and the length (HI) of each of the protrusions (72) in
a radial direction of the crankshaft (10) may be longer
than the length (T1) of each of the protrusions (72)
in a peripheral direction of the crankshaft (10).
(12) The internal combustion engine structure ac-
cording to any one of (1) to (11) may further include:
a cover member (13) that covers the case member
(11); a bearing member (52) that is provided in the
cover member (13) and receives an end of the crank-
shaft (10); and a second bearing member (57) that
is provided in the case member (11) and receives
the crankshaft (10), in which the detection device
(16) may be disposed biased to one side between
the bearing member (52) and the second bearing
member (57).
(13) The internal combustion engine structure ac-
cording to any one of (1) to (12) may further include:
a cover member (13) that covers the case member
(11); a bearing member (52) that is provided in the
cover member (13) and receives an end of the crank-
shaft (10); and a generator (18) that is disposed in-

side the cover member (13) and has a rotor (71) ro-
tatable about a center axis (C2) of the crankshaft
(10), in which the rotor (71) may be adjacent to the
bearing member (52) in an axial direction of the
crankshaft (10).
(14) The internal combustion engine structure ac-
cording to any one of (1) to (13) may further include:
a cover member (13) that covers the case member
(11); a bearing member (52) that is provided in the
cover member (13) and receives an end of the crank-
shaft (10); and a generator (18) that is disposed in-
side the cover member (13) and has a rotor (71) ro-
tatable about a center axis (C2) of the crankshaft
(10), in which at least a part of the rotor (71) may
overlap with the bearing member (52) in an axial di-
rection of the crankshaft (10).
(15) The internal combustion engine structure ac-
cording to any one of (1) to (14) may further include:
a cover member (13) that covers the case member
(11); and a bearing member (52) that is provided in
the cover member (13) and receives an end of the
crankshaft (10), in which the cover member (13) may
have a bearing fitting portion (53) to which the bear-
ing member (52) is fitted, and one or more extending
portions (54) radially extending from the bearing fit-
ting portion (53).

ADVANTAGE OF THE INVENTION

[0008] The internal combustion engine structure ac-
cording to (1) of the present invention includes: a balanc-
er shaft that suppresses vibration of a crankshaft; a start-
ing device that starts an internal combustion engine; and
a detection device that is disposed between the balancer
shaft and the starting device in a side view and deter-
mines the rotation speed of the crankshaft. As a result,
the following effects are exhibited.
[0009] The balancer shaft can suppress deflection of
the crankshaft. In addition, a space between the balancer
shaft and the starting device can be effectively used as
a space in which the detection device is disposed. There-
fore, the detection device can be disposed at a suitable
position while deflection of the crankshaft is suppressed.
[0010] The internal combustion engine structure ac-
cording to (2) of the present invention includes: a balanc-
er shaft that suppresses vibration of the crankshaft; and
a detection device that is disposed between a virtual line
connecting a center of the crankshaft and a center of the
balancer shaft and a center axis of the cylinder in a side
view and determines the rotation speed of the crankshaft.
As a result, the following effects are exhibited.
[0011] The balancer shaft can suppress deflection of
the crankshaft. In addition, a space between the virtual
line connecting the center of the crankshaft and the cent-
er of the balancer shaft and the center axis of the cylinder
can be effectively used as a space in which the detection
device is disposed. Therefore, the detection device can
be disposed at a suitable position while deflection of the
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crankshaft is suppressed. In addition, the detection de-
vice is disposed at a position where vibration of the crank-
shaft is neutralized by the balancer shaft, and therefore
the detection accuracy of the detection device can be
improved.
[0012] The internal combustion engine structure ac-
cording to (3) of the present invention further includes: a
cover member that covers the case member; and a bear-
ing member that is provided in the cover member and
receives an end of the crankshaft, in which the detection
device is disposed near the bearing member within a
range of the crankshaft in a vehicle width direction. As a
result, the following effects are exhibited.
[0013] The bearing member can suppress deflection
of the end of the crankshaft. Therefore, the deflection of
the crankshaft can be more effectively suppressed to-
gether with action of the balancer shaft, and therefore
the detection accuracy of the detection device can be
further improved. In addition, a space near the bearing
member can be effectively used as a space in which the
detection device is disposed.
[0014] The internal combustion engine structure ac-
cording to (4) of the present invention includes: a bearing
member that is provided in the cover member and re-
ceives an end of the crankshaft; and a detection device
that is disposed near the bearing member within the
range of the crankshaft in a vehicle width direction and
determines the rotation speed of the crankshaft. As a
result, the following effects are exhibited.
[0015] Since the bearing member can suppress de-
flection of the end of the crankshaft, the detection accu-
racy of the detection device can be improved. In addition,
a space near the bearing member can be effectively used
as a space in which the detection device is disposed.
Therefore, the detection device can be disposed at a suit-
able position while deflection of the crankshaft is sup-
pressed.
[0016] The internal combustion engine structure ac-
cording to (5) of the present invention further includes a
support member that covers the detection device from
at least one direction and supports a plurality of functional
components. As a result, the following effects are exhib-
ited.
[0017] Since the detection device is covered with the
support member from at least one direction, the detection
device can be protected from an external factor (for ex-
ample, a flying stone). In addition, since the support mem-
ber also has a function of supporting the plurality of func-
tional components, the number of components can be
reduced and cost can be reduced as compared with a
case where a dedicated protection member for protecting
the detection device is separately provided.
[0018] In the internal combustion engine structure ac-
cording to (6) of the present invention, the case member
includes a breather chamber having a labyrinth structure,
and the detection device overlaps with the breather
chamber in a side view. As a result, the following effects
are exhibited.

[0019] A space overlapping with the breather chamber
in a side view can be effectively used as a space in which
the detection device is disposed.
[0020] In the internal combustion engine structure ac-
cording to (7) of the present invention, the detection de-
vice is disposed near an orthogonal virtual line passing
through the center of the crankshaft and orthogonal to
the center axis of the cylinder in a side view. As a result,
the following effects are exhibited.
[0021] Since the detection device is disposed at a po-
sition that is not easily affected by vibration due to recip-
rocating motion of the piston in a direction along the cent-
er axis of the cylinder, the detection accuracy of the de-
tection device can be improved.
[0022] The internal combustion engine structure ac-
cording to (8) of the present invention further includes a
coupling boss that couples the internal combustion en-
gine and a vehicle body frame, in which the detection
device is disposed between a starting device that starts
the internal combustion engine and the coupling boss or
between a balancer shaft that suppresses vibration of
the crankshaft and the coupling boss in a side view. As
a result, the following effects are exhibited.
[0023] A space between the starting device and the
coupling boss in a side view or a space between the
balancer shaft and the coupling boss in a side view can
be effectively used as a space in which the detection
device is disposed.
[0024] The internal combustion engine structure ac-
cording to (9) of the present invention further includes a
generator having a rotor rotatable about a center axis of
the crankshaft, in which the rotor includes a plurality of
protrusions formed over an outer periphery of the rotor,
and the protrusions are formed on the same plane as the
detection device in a virtual plane orthogonal to the center
axis of the crankshaft. As a result, the following effects
are exhibited.
[0025] The detection accuracy of the detection device
can be improved as compared with a case where the
protrusions are formed on a virtual plane different from
the detection device.
[0026] The internal combustion engine structure ac-
cording to (10) of the present invention further includes
a generator having a rotor rotatable about a center axis
of the crankshaft, in which the rotor includes a disk-
shaped bottom plate portion and a plurality of protrusions
formed over an outer periphery of the rotor, and the pro-
trusions are formed on a side of the bottom plate portion.
As a result, the following effects are exhibited.
[0027] Since the detection device is less likely to be
affected by deflection of the rotor as compared with a
case where the protrusions are formed on a side opposite
to the bottom plate portion (a distal end side of the rotor),
the detection accuracy of the detection device can be
improved.
[0028] The internal combustion engine structure ac-
cording to (11) of the present invention further includes
a generator having a rotor rotatable about a center axis
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of the crankshaft, in which the rotor includes a plurality
of protrusions formed over an outer periphery of the rotor,
and the length of each of the protrusions in a radial di-
rection of the crankshaft is longer than the length of each
of the protrusions in a peripheral direction of the crank-
shaft. As a result, the following effects are exhibited.
[0029] The detection accuracy of the detection device
can be improved as compared with a case where the
length of each of the protrusions in a radial direction of
the crankshaft is equal to or shorter than the length of
each of the protrusions in a peripheral direction of the
crankshaft. Therefore, this is suitable for achieving a self-
diagnosis function (for example, OBD2; On Board Diag-
nosis second generation) of a vehicle. In addition, the
number of components can be reduced and the axial
length of the crankshaft can be shortened as compared
with a structure in which a pulse ring is coupled to a crank-
shaft.
[0030] The internal combustion engine structure ac-
cording to (12) of the present invention further includes:
a cover member that covers the case member; a bearing
member that is provided in the cover member and re-
ceives an end of the crankshaft; and a second bearing
member that is provided in the case member and re-
ceives the crankshaft, in which the detection device is
disposed biased to one side between the bearing mem-
ber and the second bearing member. As a result, the
following effects are exhibited.
[0031] Since the detection device is less likely to be
affected by deflection of the crankshaft at the time of de-
tection as compared with a case where the detection de-
vice is disposed at a central position between the bearing
member and the second bearing member, the detection
accuracy of the detection device can be improved.
[0032] The internal combustion engine structure ac-
cording to (13) of the present invention further includes:
a cover member that covers the case member; a bearing
member that is provided in the cover member and re-
ceives an end of the crankshaft; and a generator that is
disposed inside the cover member and has a rotor rotat-
able about a center axis of the crankshaft, in which the
rotor is adjacent to the bearing member in an axial direc-
tion of the crankshaft. As a result, the following effects
are exhibited.
[0033] A space adjacent to the bearing member in the
axial direction of the crankshaft can be effectively used
as a space in which the rotor is disposed.
[0034] The internal combustion engine structure ac-
cording to (14) of the present invention further includes:
a cover member that covers the case member; a bearing
member that is provided in the cover member and re-
ceives an end of the crankshaft; and a generator that is
disposed inside the cover member and has a rotor rotat-
able about a center axis of the crankshaft, in which at
least a part of the rotor overlaps with the bearing member
in an axial direction of the crankshaft. As a result, the
following effects are exhibited.
[0035] A space overlapping with the bearing member

in the axial direction of the crankshaft can be effectively
used as a space in which the rotor is disposed.
[0036] The internal combustion engine structure ac-
cording to (15) of the present invention further includes:
a cover member that covers the case member; and a
bearing member that is provided in the cover member
and receives an end of the crankshaft, in which the cover
member has a bearing fitting portion to which the bearing
member is fitted, and one or more extending portions
radially extending from the bearing fitting portion. As a
result, the following effects are exhibited.
[0037] The bearing fitting portion can firmly hold the
bearing member. In addition, the extending portion can
increase rigidity of the cover member (a peripheral por-
tion of the bearing fitting portion).

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

Fig. 1 is a right side view of an internal combustion
engine structure according to an embodiment.
Fig. 2 is a view illustrating a state in which a link
mechanism and the like are removed from Fig. 1.
Fig. 3 is a cross-sectional view taken along line III-
III of Fig. 1.
Fig. 4 is a cross-sectional view taken along line IV-
IV of Fig. 2.
Fig. 5 is a right side view illustrating disposition of a
balancer shaft and a starting device according to the
embodiment.
Fig. 6 is a right side view illustrating a support mem-
ber according to the embodiment and a peripheral
structure of the support member.
Fig. 7 is a right side view illustrating disposition of a
detection device and a breather chamber according
to the embodiment.
Fig. 8 is a right side view illustrating disposition of
the detection device according to the embodiment.
Fig. 9 is a perspective view of a cover member ac-
cording to the embodiment as viewed from the inside
in a vehicle width direction.
Fig. 10 is a right side view illustrating a generator
according to the embodiment and a peripheral struc-
ture of the generator.
Fig. 11 is a view of the generator according to the
embodiment as viewed from a direction along a
crank axis.
Fig. 12 is a right side view illustrating disposition of
a detection device according to a modification of the
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0039] Hereinafter, an embodiment of the present in-
vention is described with reference to the drawings. Note
that directions such as front, rear, left, and right in the
following description are the same as directions in a ve-
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hicle described below unless otherwise specified. In ad-
dition, an arrow FR indicating the front of a vehicle, an
arrow LH indicating the left of the vehicle, and an arrow
UP indicating the top of the vehicle are illustrated at ap-
propriate positions in the drawings used for the following
description.

<Internal combustion engine structure>

[0040] Fig. 1 illustrates a unit swing type power unit to
be mounted on a scooter type motorcycle as an example
of an internal combustion engine structure 1 including a
power source of a saddle-ride vehicle. Hereinafter, the
motorcycle may be simply referred to as a "vehicle".
[0041] The power unit 1 includes an engine 2 that is
an internal combustion engine, a transmission device 4
that transmits power of the engine 2 to a rear wheel 3
(see Fig. 3), and a swing arm 5 that supports the rear
wheels 3. A rear end of the power unit 1 is coupled to a
vehicle body frame 6 (specifically, a seat rail (not illus-
trated)) via a cushion unit (not illustrated). The power unit
1 has a function of a suspension device that swingably
couples the rear wheel 3 to the vehicle body frame 6.
[0042] The engine 2 includes: a crankshaft 10 extend-
ing in a vehicle width direction; a crankcase 11 (case
member) that houses the crankshaft 10; a cylinder por-
tion 12 (cylinder) that protrudes substantially forward
(specifically, slightly forward and upward with respect to
a horizontal plane) from a front end of the crankcase 11;
a cover member 13 that covers the crankcase 11 from a
right side; a balancer shaft 14 (see Fig. 5) that suppresses
vibration of the crankshaft 10; a starting device 15 (see
Fig. 5) that starts the engine 2; a detection device 16 that
determines the rotation speed of the crankshaft 10; a
support member 17 that supports a plurality of functional
components 66; and a generator 18 (see Fig. 3) disposed
inside the cover member 13. Hereinafter, a center axis
C1 of the cylinder portion 12 along the protruding direc-
tion of the cylinder portion 12 is also referred to as a
"cylinder axis C1".
[0043] The transmission device 4 includes a power
transmission mechanism (not illustrated) that transmits
power of the engine 2 to the rear wheel 3 (see Fig. 3),
and a transmission case 20 that houses the power trans-
mission mechanism.
[0044] For example, the power transmission mecha-
nism includes a belt type continuously variable transmis-
sion mechanism and a reduction gear. Power of the en-
gine 2 is shifted via the power transmission mechanism
and transmitted to the rear wheel 3. In the drawing, ref-
erence sign 3a denotes a rear wheel axle.
[0045] The transmission case 20 extends rearward
from a left side portion of the crankcase 11. An air cleaner
21 that purifies outside air is provided in an upper portion
of the transmission case 20.
[0046] The swing arm 5 is coupled to a right side portion
of the crankcase 11. The swing arm 5 extends rearward
from a rear end of the right side portion of the crankcase

11. The swing arm 5 faces the transmission case 20
across the rear wheel 3 in a vehicle width direction (see
Fig. 3). The swing arm 5 is fastened to an upper portion
and a lower portion of a rear end of the crankcase 11
with a pair of upper and lower bolts. The swing arm 5 has
an opening 5a that exposes an inner surface of the trans-
mission case 20 in a vehicle width direction to a right side
in a right side view.

<Crankshaft>

[0047] As illustrated in Fig. 3, the crankshaft 10 is cou-
pled to a piston 24 disposed inside the cylinder portion
12 via a connecting rod 23. The crankshaft 10 converts
reciprocating motion along the cylinder axis C1 of the
piston 24 into rotational motion. As illustrated in Fig. 5, a
crank gear 26 meshing with a balancer gear 25 is at-
tached to the crankshaft 10. Hereinafter, a center of the
crankshaft 10 is also referred to as a "crank axial center
P2", and a center axis of the crankshaft 10 is also referred
to as a "crank axis C2".

<Crankcase>

[0048] As illustrated in Fig. 7, the crankcase 11 has a
breather chamber 30 for performing gas-liquid separa-
tion of blowby gas inside the crankcase 11. The breather
chamber 30 has a labyrinth structure. The breather
chamber 30 is formed across a right side portion of the
crankcase 11 and the cover member 13. The breather
chamber 30 is formed by a peripheral wall 31 of the crank-
case 11, a peripheral wall 32 of the cover member 13,
and a partition wall 33 extending in a front-rear direction
in a side view. The breather chamber 30 is provided from
a front end of an upper portion of the crankcase 11 to a
front-rear central portion of the upper portion of the crank-
case 11 in a side view. The breather chamber 30 has a
rear extending portion 34 extending rearward in a side
view.
[0049] As illustrated in Fig. 1, the crankcase 11 in-
cludes a coupling boss 36 coupled to the vehicle body
frame 6. The coupling boss 36 protrudes forward from a
front lower portion of the crankcase 11. The coupling boss
36 is swingably coupled to the vehicle body frame 6 (spe-
cifically, a bracket 7 coupled to the vehicle body frame
6) via a link mechanism 40.
[0050] In the drawing, reference sign 37 denotes an oil
pan that stores lubricating oil, and reference sign 38 de-
notes a cooling pump that pressure-feeds cooling water
to a portion to be cooled in a power unit.

<Link mechanism>

[0051] The link mechanism 40 is disposed below the
cylinder portion 12. The link mechanism 40 includes a
first link 41 extending in an up-down direction in a side
view and a second link 42 extending in a front-rear direc-
tion in a side view.

9 10 
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[0052] The first link 41 has a cam shape having a long
axis in an up-down direction in a side view. An upper
portion of the first link 41 is rotatably coupled to the brack-
et 7.
[0053] A front end of the second link 42 is rotatably
coupled to a lower portion of the first link 41. A rear end
of the second link 42 is rotatably coupled to the coupling
boss 36. In the drawing, reference sign P1 denotes a
rotation center (hereinafter, also referred to as a "boss
center") of the second link 42 with respect to the coupling
boss 36.

<Cylinder portion>

[0054] As illustrated in Fig. 2, the cylinder portion 12
includes a cylinder block 45 protruding substantially for-
ward from a front end of the crankcase 11, a cylinder
head 46 coupled to a front end of the cylinder block 45,
and a head cover 47 coupled to a front end of the cylinder
head 46. The cylinder head 46 is fastened and fixed to-
gether with the cylinder block 45 to a front surface of the
crankcase 11 with a plurality of bolts. An intake system
component (an intake pipe (not illustrated)) that introduc-
es an air-fuel mixture into a combustion chamber and an
exhaust system component (an exhaust pipe (not illus-
trated)) that discharges gas after combustion from the
combustion chamber are coupled to the cylinder head 46.

<Cover member>

[0055] The cover member 13 is coupled to a right side
portion of the crankcase 11. The cover member 13 is
fastened to the crankcase 11 with a plurality of bolts. The
cover member 13 has an insertion hole 50 into which the
detection device 16 can be inserted from the outside.
[0056] As illustrated in Fig. 9, the cover member 13
has a plurality of bolt insertion holes 51 formed at intervals
along an outer periphery of the cover member 13. As
illustrated in Fig. 4, in the cover member 13, a bearing
member 52 that receives a right end of the crankshaft 10
is provided. The cover member 13 has a bearing fitting
portion 53 to which the bearing member 52 is fitted, and
a plurality of extending portions 54 radially extending
from the bearing fitting portion 53. The bearing member
52 rotatably supports the right end of the crankshaft 10.
For example, the bearing member 52 is a ball bearing.
The extending portions 54 protrude inward in a vehicle
width direction from an inner surface of the cover member
13 in a vehicle width direction. Note that the number of
the extending portions 54 to be disposed is not limited to
a plural number, and may be a singular number.

<Balancer shaft>

[0057] As illustrated in Fig. 4, the balancer shaft 14
extends in a vehicle width direction in parallel with the
crankshaft 10. Hereinafter, a center of the balancer shaft
14 is also referred to as a "balancer axial center". As

illustrated in Fig. 5, a balancer axial center P3 is located
substantially above the crank axial center P2 (specifical-
ly, slightly forward of the position immediately above the
crank axial center P2) in a side view.
[0058] As illustrated in Fig. 4, the balancer shaft 14 is
rotatably supported by the crankcase 11 via a bearing
55. For example, the bearing 55 may be a seal bearing
or the like having a slight gap for holding oil in the bearing.
A balancer gear 25 is attached to the balancer shaft 14
via a damper member 56. The balancer shaft 14 rotates
synchronously with the crankshaft 10 via the balancer
gear 25 and the crank gear 26. As a result, rotational
fluctuation of the crankshaft 10 is canceled to maintain
a rotational balance.

<Starting device>

[0059] As illustrated in Fig. 5, the starting device 15 is
disposed in a rear upper portion of the crankcase 11. The
starting device 15 includes a starter motor 59 for starting
the engine 2. Hereinafter, a rotation center P4 of an axial
portion of the starter motor 59 is also referred to as a
"starter axial center P4". The starter axial center P4 is
located behind and above the crank axial center P2 in a
side view. The starter axial center P4 is located substan-
tially behind the balancer axial center P3 (specifically,
slightly above a position directly behind the balancer axial
center P3) in a side view.

<Support member>

[0060] As illustrated in Fig. 6, the support member 17
is attached to an upper portion of the cover member 13.
The support member 17 covers the detection device 16
from a right side. The support member 17 is fastened to
the cover member 13 with a plurality of bolts. The support
member 17 includes a first stay 61 coupled to the cover
member 13 and a second stay 62 coupled to the first stay
61.
[0061] The first stay 61 extends in a front-rear direction
so as to overlap with an upper portion of the cover mem-
ber 13 in a side view. A lower portion of the first stay 61
is fastened to the cover member 13 with a pair of front
and rear bolts. The first stay 61 has a clamp attachment
portion 63 disposed between the pair of front and rear
bolts. A hose clamp 65 that supports an intermediate
portion of a hose 64 extending in a front-rear direction is
attached to the clamp attachment portion 63.
[0062] The second stay 62 extends in a front-rear di-
rection so as to cover the first stay 61 from above in a
side view. A lower portion of the second stay 62 is fas-
tened to an upper portion of the first stay 61 with a pair
of front and rear bolts. The second stay 62 supports the
plurality of functional components 66 such as an ignition
coil, a check valve of a secondary air supply device, and
a drive sensor thereof.
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<Generator>

[0063] As illustrated in Fig. 4, the generator 18 is cov-
ered with the cover member 13 from a right side. The
generator 18 includes a stator 70 fixed to the cover mem-
ber 13 and a rotor 71 integrally rotatably fixed to the crank-
shaft 10.
[0064] The stator 70 has a plurality of coils 70a (see
Fig. 10).
[0065] The rotor 71 has a plurality of magnets (not il-
lustrated) radially facing the coil 70a. The rotor 71 is ro-
tatable about the crank axis C2 according to rotation of
the crankshaft 10. The rotor 71 is adjacent to the bearing
member 52 in an axial direction of the crankshaft 10.
[0066] Apart (central portion) of the rotor 71 overlaps
with the bearing member 52 in the axial direction of the
crankshaft 10. Note that not only a part of the rotor 71
but also the entire rotor 71 may overlap with the bearing
member 52 in the axial direction of the crankshaft 10.
That is, at least a part of the rotor 71 may overlap with
the bearing member 52 in the axial direction of the crank-
shaft 10.
[0067] The rotor 71 has a bottomed cylindrical shape
or a conical shape coaxial with the crank axis C2. The
rotor 71 includes a cylindrical or conical inner cylinder
portion 71a located radially inward of the stator 70 and
coupled to a right end of the crankshaft 10, a cylindrical
or conical outer cylinder portion 71b that covers the stator
70 from radially outward, and a disk-shaped bottom plate
portion 71c coupling a vehicle width direction inner end
of the inner cylinder portion 71a and a vehicle width di-
rection inner end of the outer cylinder portion 71b.
[0068] As illustrated in Fig. 11, the rotor 71 includes a
plurality of protrusions 72 formed over an outer periphery
of the outer cylinder portion 71b. The protrusions 72 are
formed on the same plane as the detection device 16 on
a virtual plane S1 orthogonal to the crank axis C2 (see
Fig. 4). The protrusions 72 are formed closer to the bot-
tom plate portion 71c than a distal end side (right end
side) of the rotor 71 (see Fig. 4). 34 protrusions 72 are
formed at intervals in a peripheral direction. The rotor 71
has a protrusion forming region 73 in which 34 protru-
sions 72 are formed at intervals of a central angle of 10°,
and a protrusion non-forming region 74 in which no pro-
trusion 72 is formed. The protrusion non-forming region
74 is a region for detecting a top dead center and a bottom
dead center of the piston 24 (see Fig. 3).
[0069] Hereinafter, the length H1 of the protrusion 72
in a radial direction of the crankshaft 10 is also referred
to as a "protrusion height HI", and the length of the pro-
trusion 72 in a peripheral direction of the crankshaft 10
is also referred to as a "protrusion thickness T1". The
protrusion height H1 means the distance between an out-
er peripheral surface of the outer cylinder portion 71b
and a distal end of the protrusion 72. The protrusion thick-
ness T1 means the distance between a peripheral direc-
tion upstream end and a peripheral direction downstream
end of the protrusion 72. As illustrated in Fig. 11, the

protrusion height H1 is longer than the protrusion thick-
ness T1 (HI > T1).
[0070] The protrusion 72 includes a rising portion 72c
that gently rises from a surface of the outer cylinder por-
tion 71b, a vertical portion 72b that is continuous with the
rising portion 72c and extends radially outward of the
outer cylinder portion 71b, and a distal end 72a that is
substantially orthogonal to an extending end of the ver-
tical portion 72b and extends along a peripheral direction
of the outer cylinder portion 71b. In one protrusion 72,
the vertical portions 72b facing each other are substan-
tially parallel to each other.

<Detection device>

[0071] As illustrated in Fig. 2, the detection device 16
is inserted into the insertion hole 50 of the cover member
13 from the outside. The detection device 16 is disposed
above the crank axial center P2. For example, the de-
tection device 16 is a pulser sensor that generates a pulse
signal according to movement of the protrusion 72.
[0072] As illustrated in Fig. 4, the detection device 16
has a distal end 16a (detector) that detects the protrusion
72. The distal end 16a of the detection device 16 is dis-
posed so as to be directed to the crank axial center P2
(see Fig. 2). The detection device 16 outputs an electric
signal according to presence or absence of the protrusion
72 detected on an outer periphery of the outer cylinder
portion 71b. A detection result of the detection device 16
is sent to an engine control unit (ECU) (not illustrated)
which is a control device of the engine 2. For example,
the ECU estimates misfire of the engine when the change
amount (change amount of angular velocity) of the rota-
tion speed of the crankshaft 10 exceeds a threshold dur-
ing a preset number of cycles.
[0073] The detection device 16 is disposed between
the balancer shaft 14 and the starting device 15 in a side
view (see Fig. 5). The detection device 16 is disposed
between the balancer axial center P3 and the starter axial
center P4 in a side view (see Fig. 5). As illustrated in Fig.
4, the detection device 16 is disposed near the bearing
member 52 within the range of the crankshaft 10 in a
vehicle width direction. The detection device 16 is dis-
posed closer to the bearing member 52 than a center of
a vehicle body (center position in a vehicle width direc-
tion). The distal end 16a of the detection device 16 is
disposed so as to be directed to the crankshaft 10 sup-
ported by the bearing member 52.
[0074] The detection device 16 overlaps with the rear
extending portion 34 of the breather chamber 30 in a side
view (see Fig. 7). The detection device 16 is disposed
between the starting device 15 and the coupling boss 36
in a side view (see Fig. 5). The detection device 16 is
disposed between the starter axial center P4 and the
boss center P1 in a side view (see Fig. 5).
[0075] The detection device 16 is disposed near an
orthogonal virtual line K1 passing through the crank axial
center P2 and orthogonal to the cylinder axis C1 in a side
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view (see Fig. 8). The range near the orthogonal virtual
line K1 means a range of 630° around the crank axial
center P2 with respect to the orthogonal virtual line K1.
Here, a clockwise direction in the drawing around the
crank axial center P2 with respect to the orthogonal virtual
line K1 is defined as plus, and a counterclockwise direc-
tion in the drawing is defined as minus. The detection
device 16 is disposed in a range of +30° around the crank
axial center P2 with respect to the orthogonal virtual line
K1 in a side view (see Fig. 8). In the drawing, reference
sign K2 denotes a virtual line forming an angle A1 of +30°
around the crank axial center P2 with respect to the or-
thogonal virtual line K1.
[0076] In Fig. 4, reference sign 57 denotes a second
bearing member that is provided in the crankcase 11 and
receives the crankshaft 10. For example, the second
bearing member is a needle bearing. As illustrated in Fig.
4, the detection device 16 is disposed biased to the bear-
ing member 52 between the bearing member 52 and the
second bearing member 57. That is, the detection device
16 is disposed closer to the bearing member 52 than the
second bearing member 57.
[0077] As described above, the internal combustion
engine structure 1 according to the above embodiment
includes: the crankshaft 10 that converts reciprocating
motion of the piston 24 disposed inside the cylinder por-
tion 12 of the engine 2 to be mounted on a vehicle into
rotational motion; the crankcase 11 that houses the
crankshaft 10; the balancer shaft 14 that suppresses vi-
bration of the crankshaft 10; the starting device 15 that
starts the engine 2; and the detection device 16 that is
disposed between the balancer shaft 14 and the starting
device 15 in a side view and determines the rotation
speed of the crankshaft 10.
[0078] According to this constitution, the balancer shaft
14 can suppress deflection of the crankshaft 10. In ad-
dition, a space between the balancer shaft 14 and the
starting device 15 can be effectively used as a space in
which the detection device 16 is disposed. Therefore, the
detection device 16 can be disposed at a suitable position
while deflection of the crankshaft 10 is suppressed.
[0079] In the above embodiment, the internal combus-
tion engine structure 1 includes the cover member 13
that covers the crankcase 11 and the bearing member
52 that is provided in the cover member 13 and receives
an end of the crankshaft 10, and the detection device 16
is disposed near the bearing member 52 within the range
of the crankshaft 10 in a vehicle width direction. As a
result, the following effects are exhibited.
[0080] The bearing member 52 can suppress deflec-
tion of the end of the crankshaft 10. Therefore, the de-
flection of the crankshaft 10 can be more effectively sup-
pressed together with action of the balancer shaft 14,
and therefore the detection accuracy of the detection de-
vice 16 can be further improved. In addition, a space near
the bearing member 52 can be effectively used as a
space in which the detection device 16 is disposed.
[0081] In the above embodiment, the internal combus-

tion engine structure 1 includes the support member 17
that covers the detection device 16 from a right side and
supports the plurality of functional components 66. As a
result, the following effects are exhibited.
[0082] Since the detection device 16 is covered with
the support member 17 from a right side, the detection
device 16 can be protected from an external factor (for
example, a flying stone). In addition, since the support
member 17 also has a function of supporting the plurality
of functional components 66, the number of components
can be reduced and cost can be reduced as compared
with a case where a dedicated protection member for
protecting the detection device 16 is separately provided.
[0083] In the above embodiment, the crankcase 11 in-
cludes the breather chamber 30 having a labyrinth struc-
ture, and the detection device 16 overlaps with the
breather chamber 30 in a side view. As a result, the fol-
lowing effects are exhibited. A space overlapping with
the breather chamber 30 in a side view can be effectively
used as a space in which the detection device 16 is dis-
posed.
[0084] In the above embodiment, the detection device
16 is disposed near the orthogonal virtual line K1 that
passes through the crank axial center P2 and is orthog-
onal to the cylinder axis C1 in a side view. As a result,
the following effects are exhibited.
[0085] Since the detection device 16 is disposed at a
position that is not easily affected by vibration due to re-
ciprocating motion of the piston 24 in a direction along
the cylinder axis C1, the detection accuracy of the de-
tection device 16 can be improved.
[0086] In the above embodiment, the internal combus-
tion engine structure 1 includes the coupling boss 36 that
couples the engine 2 and the vehicle body frame 6, and
the detection device 16 is disposed between the starting
device 15 that starts the engine 2 and the coupling boss
36 in a side view. As a result, the following effects are
exhibited.
[0087] A space between the starting device 15 and the
coupling boss 36 in a side view can be effectively used
as a space in which the detection device 16 is disposed.
[0088] In the above embodiment, the internal combus-
tion engine structure 1 includes the generator 18 having
the rotor 71 rotatable about the crank axis C2, the rotor
71 includes the plurality of protrusions 72 formed over
an outer periphery of the rotor 71, and the protrusions 72
are formed on the same plane as the detection device
16 in the virtual plane S1 orthogonal to the crank axis
C2. As a result, the following effects are exhibited.
[0089] The detection accuracy of the detection device
16 can be improved as compared with a case where the
protrusions 72 are formed on a virtual plane different from
the detection device 16.
[0090] In the above embodiment, the rotor 71 includes
the disk-shaped bottom plate portion 71c and the plurality
of protrusions 72 formed over an outer periphery of the
rotor 71, and the protrusions 72 are formed on a side of
the bottom plate portion 71c. As a result, the following
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effects are exhibited.
[0091] Since the detection device 16 is less likely to be
affected by deflection of the rotor 71 as compared with
a case where the protrusions 72 are formed on a side
opposite to the bottom plate portion 71c (a distal end side
of the rotor 71), the detection accuracy of the detection
device 16 can be improved.
[0092] In the above embodiment, since the protrusion
height H1 is longer than the protrusion thickness T1. As
a result, the following effects are exhibited.
[0093] The detection accuracy of the detection device
16 can be improved as compared with a case where the
protrusion height H1 is equal to or less than the protrusion
thickness T1. Therefore, this is suitable for achieving a
self-diagnosis function (for example, OBD2; On Board
Diagnosis second generation) of a vehicle. In addition,
the number of components can be reduced and the axial
length of the crankshaft 10 can be shortened as com-
pared with a structure in which a pulser ring is coupled
to the crankshaft 10.
[0094] In the above embodiment, the second bearing
member 57 that is provided in the crankcase 11 and re-
ceives the crankshaft 10 is included, and the detection
device 16 is disposed biased to the bearing member 52
between the bearing member 52 and the second bearing
member 57. As a result, the following effects are exhib-
ited.
[0095] Since the detection device 16 is less likely to be
affected by deflection of the crankshaft 10 at the time of
detection as compared with a case where the detection
device 16 is disposed at a central position between the
bearing member 52 and the second bearing member 57,
the detection accuracy of the detection device 16 can be
improved.
[0096] In the above embodiment, since the rotor 71 is
adjacent to the bearing member 52 in an axial direction
of the crankshaft 10. As a result, the following effects are
exhibited.
[0097] A space adjacent to the bearing member 52 in
the axial direction of the crankshaft 10 can be effectively
used as a space in which the rotor 71 is disposed.
[0098] In the above embodiment, since a part of the
rotor 71 overlaps with the bearing member 52 in the axial
direction of the crankshaft 10. As a result, the following
effects are exhibited.
[0099] A space overlapping with the bearing member
52 in the axial direction of the crankshaft 10 can be ef-
fectively used as a space in which the rotor 71 is dis-
posed.
[0100] In the above embodiment, the cover member
13 has the bearing fitting portion 53 to which the bearing
member 52 is fitted and the plurality of extending portions
54 radially extending from the bearing fitting portion 53.
As a result, the following effects are exhibited.
[0101] The bearing fitting portion 53 can firmly hold the
bearing member 52. In addition, the extending portions
54 can increase rigidity of the cover member 13 (a pe-
ripheral portion of the bearing fitting portion 53).

<Modification>

[0102] In the above embodiment, an example in which
the detection device 16 is disposed between the balancer
shaft 14 and the starting device 15 in a side view has
been described, but the present invention is not limited
thereto. Fig. 12 is a right side view illustrating disposition
of the detection device 16 according to a modification of
the embodiment. In Fig. 12, the balancer shaft 14 (bal-
ancer axial center P3) and the starting device 15 (starter
axial center P4) are disposed opposite to those in the
above embodiment (see Fig. 5). For example, as illus-
trated in Fig. 12, the detection device 16 may be disposed
between a virtual line K3 connecting the crank axial cent-
er P2 and the balancer axial center P3 and the cylinder
axis C1 in a side view.
[0103] According to this constitution, the balancer shaft
14 can suppress deflection of the crankshaft 10. In ad-
dition, a space between the virtual line K3 connecting the
crank axial center P2 and the balancer axial center P3
and the cylinder axis C1 can be effectively used as a
space in which the detection device 16 is disposed.
Therefore, the detection device 16 can be disposed at a
suitable position while deflection of the crankshaft 10 is
suppressed. In addition, the detection device 16 is dis-
posed at a position where vibration of the crankshaft 10
is neutralized by the balancer shaft 14, and therefore the
detection accuracy of the detection device 16 can be im-
proved.
[0104] In the above embodiment, an example in which
the detection device 16 is disposed between the starting
device 15 and the coupling boss 36 in a side view has
been described, but the present invention is not limited
thereto. For example, as illustrated in Fig. 12, the detec-
tion device 16 may be disposed between the balancer
shaft 14 and the coupling boss 36 in a side view.
[0105] According to this constitution, a space between
the balancer shaft 14 and the coupling boss 36 in a side
view can be effectively used as a space in which the
detection device 16 is disposed.
[0106] In the above embodiment, an example in which
the detection device 16 is disposed between the balancer
shaft 14 and the starting device 15 in a side view and is
disposed near the bearing member 52 has been de-
scribed, but the present invention is not limited thereto.
For example, the detection device 16 does not have to
be disposed near the bearing member 52 in a side view.
That is, the detection device 16 only needs to be disposed
between the balancer shaft 14 and the starting device 15
in a side view.
[0107] On the other hand, the detection device 16 does
not have to be disposed between the balancer shaft 14
and the starting device 15 in a side view. For example,
the detection device 16 may be disposed near the bearing
member 52.
[0108] According to this constitution, the bearing mem-
ber 52 can suppress deflection of the crankshaft 10. In
addition, a space near the bearing member 52 can be
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effectively used as a space in which the detection device
16 is disposed. Therefore, the detection device 16 can
be disposed at a suitable position while deflection of the
crankshaft 10 is suppressed.
[0109] In the above embodiment, an example in which
the support member 17 covers the detection device 16
from a right side has been described, but the present
invention is not limited thereto. For example, the support
member 17 may cover the detection device 16 from
above and below and from front and rear. That is, the
support member 17 may cover the detection device 16
from at least one direction.
[0110] In the above embodiment, an example in which
the detection device 16 is disposed in a range of +30°
around the crank axial center P2 with respect to the or-
thogonal virtual line K1 in a side view has been described,
but the present invention is not limited thereto. For ex-
ample, the detection device 16 may be disposed in a
range of -30° around the crank axial center P2 with re-
spect to the orthogonal virtual line K1 in a side view. That
is, the detection device 16 only needs to be disposed
near the orthogonal virtual line K1 in a side view.
[0111] In the above embodiment, an example in which
the detection device 16 overlaps with the breather cham-
ber 30 in a side view has been described, but the present
invention is not limited thereto. For example, the detec-
tion device 16 may be disposed at a position not over-
lapping with the breather chamber 30 in a side view.
[0112] In the above embodiment, an example in which
the detection device 16 is disposed above the crank axial
center P2 has been described, but the present invention
is not limited thereto. For example, the detection device
16 may be disposed below the crank axial center P2.
[0113] In the above embodiment, an example in which
the protrusion height H1 in the rotor 71 is longer than the
protrusion thickness T1 (HI > T1) has been described,
but the present invention is not limited thereto. For ex-
ample, the protrusion height H1 in the rotor 71 may be a
length equal to or less than the protrusion thickness T1
(HI ≤ T1).
[0114] In the above embodiment, an example in which
the link mechanism 40 includes the first link 41 extending
in an up-down direction in a side view and the second
link 42 extending in a front-rear direction in a side view
has been described, but the present invention is not lim-
ited thereto. For example, the link mechanism 40 may
include only a single link extending in a front-rear direc-
tion in a side view. That is, the link mechanism 40 can
adopt various aspects as long as the coupling boss 36
is swingably coupled to the vehicle body frame 6.
[0115] In the above embodiment, an example in which
the internal combustion engine structure 1 is applied to
a scooter type vehicle has been described, but the
present invention is not limited thereto. For example, the
internal combustion engine structure 1 may be applied
to a vehicle other than a scooter type vehicle, such as a
motorcycle.
[0116] Note that the present invention is not limited to

the above embodiment, and for example, the saddle-ride
vehicle includes all vehicles in which a driver sits astride
a vehicle body, and includes not only a motorcycle (in-
cluding a motorized bicycle and a scooter type vehicle)
but also a three-wheeled vehicle (also including a vehicle
having two front wheels and one rear wheel in addition
to a vehicle having one front wheel and two rear wheels).
In addition, the present invention is applicable not only
to a motorcycle but also to a four-wheeled vehicle such
as an automobile.
[0117] Furthermore, the constitution in the above em-
bodiment is an example of the present invention, and
various modifications can be made without departing
from the gist of the present invention, for example, the
components of the embodiment can be replaced with
known components.

BRIEF DESCRIPTION OF THE REFERENCE SYM-
BOLS

[0118]

1 Power unit (internal combustion engine structure)
2 Engine (internal combustion engine)
6 Vehicle body frame
10 Crankshaft
11 Crankcase (case member)
12 Cylinder portion (cylinder)
13 Cover member
14 Balancer shaft
15 Starting device
16 Detection device
17 Support member
18 Generator
24 Piston
30 Breather chamber
36 Coupling boss
52 Bearing member
57 Second bearing member
66 Functional component
71 Rotor
72 Protrusion
C1 Cylinder axis (center axis of cylinder)
C2 Crank axis (center axis of crankshaft)
H1 Protrusion height (length of protrusion in radial
direction of crankshaft)
K1 Orthogonal virtual line
K3 Virtual line (virtual line connecting center of crank-
shaft and center of balancer shaft in side view)
P2 Crank axial center (center of crankshaft)
P3 Balancer axial center (center of balancer shaft)
S1 Virtual plane
T1 Protrusion thickness (length of protrusion in axial
direction of crankshaft)
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Claims

1. An internal combustion engine structure comprising:

a crankshaft (10) that converts reciprocating
motion of a piston (24) disposed inside a cylinder
(12) of an internal combustion engine (2) to be
mounted on a vehicle into rotational motion;
a case member (11) that houses the crankshaft
(10);
a balancer shaft (14) that suppresses vibration
of the crankshaft (10);
a starting device (15) that starts the internal com-
bustion engine (2); and
a detection device (16) that is disposed between
the balancer shaft (14) and the starting device
(15) in a side view and determines a rotation
speed of the crankshaft (10).

2. An internal combustion engine structure comprising:

a crankshaft (10) that converts reciprocating
motion of a piston (24) disposed inside a cylinder
(12) of an internal combustion engine (2) to be
mounted on a vehicle into rotational motion;
a case member (11) that houses the crankshaft
(10);
a balancer shaft (14) that suppresses vibration
of the crankshaft (10); and
a detection device (16) that is disposed between
a virtual line (K3) connecting a center (P2) of the
crankshaft (10) and a center (P3) of the balancer
shaft (14) and a center axis (C1) of the cylinder
(12) in a side view and determines a rotation
speed of the crankshaft (10).

3. The internal combustion engine structure according
to claim 1 or 2, further comprising:

a cover member (13) that covers the case mem-
ber (11); and
a bearing member (52) that is provided in the
cover member (13) and receives an end of the
crankshaft (10), wherein
the detection device (16) is disposed near the
bearing member (52) within a range of the crank-
shaft (10) in a vehicle width direction.

4. An internal combustion engine structure comprising:

a crankshaft (10) that converts reciprocating
motion of a piston (24) disposed inside a cylinder
(12) of an internal combustion engine (2) to be
mounted on a vehicle into rotational motion;
a case member (11) that houses the crankshaft
(10);
a cover member (13) that covers the case mem-
ber (11);

a bearing member (52) that is provided in the
cover member (13) and receives an end of the
crankshaft (10); and
a detection device (16) that is disposed near the
bearing member (52) within a range of the crank-
shaft (10) in a vehicle width direction and deter-
mines a rotation speed of the crankshaft (10).

5. The internal combustion engine structure according
to any one of claims 1 to 4, further comprising a sup-
port member (17) that covers the detection device
(16) from at least one direction and supports a plu-
rality of functional components (66).

6. The internal combustion engine structure according
to any one of claims 1 to 5, wherein

the case member (11) includes a breather cham-
ber (30) having a labyrinth structure, and
the detection device (16) overlaps with the
breather chamber (30) in a side view.

7. The internal combustion engine structure according
to any one of claims 1 to 6, wherein the detection
device (16) is disposed near an orthogonal virtual
line (K1) passing through a center (P2) of the crank-
shaft (10) and orthogonal to a center axis (C1) of the
cylinder (12) in a side view.

8. The internal combustion engine structure according
to any one of claims 1 to 7, further comprising a cou-
pling boss (36) that couples the internal combustion
engine (2) and a vehicle body frame (6), wherein
the detection device (16) is disposed between a
starting device (15) that starts the internal combus-
tion engine (2) and the coupling boss (36) or between
a balancer shaft (14) that suppresses vibration of the
crankshaft (10) and the coupling boss (36) in a side
view.

9. The internal combustion engine structure according
to any one of claims 1 to 8, further comprising a gen-
erator (18) having a rotor (71) rotatable about a cent-
er axis (C2) of the crankshaft (10), wherein

the rotor (71) includes a plurality of protrusions
(72) formed over an outer periphery of the rotor
(71), and
the protrusions (72) are formed on the same
plane as the detection device (16) in a virtual
plane (S1) orthogonal to the center axis (C2) of
the crankshaft (10).

10. The internal combustion engine structure according
to any one of claims 1 to 9, further comprising a gen-
erator (18) having a rotor (71) rotatable about a cent-
er axis (C2) of the crankshaft (10), wherein
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the rotor (71) includes:

a disk-shaped bottom plate portion (71c);
and
a plurality of protrusions (72) formed over
an outer periphery of the rotor (71), and

the protrusions (72) are formed on a side of the
bottom plate portion (71c).

11. The internal combustion engine structure according
to any one of claims 1 to 10, further comprising a
generator (18) having a rotor (71) rotatable about a
center axis (C2) of the crankshaft (10), wherein

the rotor (71) includes a plurality of protrusions
(72) formed over an outer periphery of the rotor
(71), and
a length (HI) of each of the protrusions (72) in a
radial direction of the crankshaft (10) is longer
than a length (T1) of each of the protrusions (72)
in a peripheral direction of the crankshaft (10).

12. The internal combustion engine structure according
to any one of claims 1 to 11, further comprising:

a cover member (13) that covers the case mem-
ber (11);
a bearing member (52) that is provided in the
cover member (13) and receives an end of the
crankshaft (10); and
a second bearing member (57) that is provided
in the case member (11) and receives the crank-
shaft (10), wherein
the detection device (16) is disposed biased to
one side between the bearing member (52) and
the second bearing member (57).

13. The internal combustion engine structure according
to any one of claims 1 to 12, further comprising:

a cover member (13) that covers the case mem-
ber (11);
a bearing member (52) that is provided in the
cover member (13) and receives an end of the
crankshaft (10); and
a generator (18) that is disposed inside the cover
member (13) and has a rotor (71) rotatable about
a center axis (C2) of the crankshaft (10), wherein
the rotor (71) is adjacent to the bearing member
(52) in an axial direction of the crankshaft (10).

14. The internal combustion engine structure according
to any one of claims 1 to 13, further comprising:

a cover member (13) that covers the case mem-
ber (11);
a bearing member (52) that is provided in the

cover member (13) and receives an end of the
crankshaft (10); and
a generator (18) that is disposed inside the cover
member (13) and has a rotor (71) rotatable about
a center axis (C2) of the crankshaft (10), wherein
at least a part of the rotor (71) overlaps with the
bearing member (52) in an axial direction of the
crankshaft (10).

15. The internal combustion engine structure according
to any one of claims 1 to 14, further comprising:

a cover member (13) that covers the case mem-
ber (11); and
a bearing member (52) that is provided in the
cover member (13) and receives an end of the
crankshaft (10), wherein
the cover member (13) has:

a bearing fitting portion (53) to which the
bearing member (52) is fitted; and
one or more extending portions (54) radially
extending from the bearing fitting portion
(53).
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