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(57) ABSTRACT

A straddle-type vehicle that possesses desirable properties
associated with a front-to-rear direction with respect to the
vehicle and a twisting direction includes a bracket including
a first attachment portion, a second attachment portion and a
coupling portion. The first attachment portion is attached to a
down frame. The second attachment portion is attached to an
engine and is located rearward of the first attachment portion.
The coupling portion is located between the first and second
attachment portions and couples the first attachment portion
with the second attachment portion. The first and second
attachment portions extend in the front-to-rear direction. The
first attachment portion is offset relative to the second attach-
ment portion in a vehicle width direction. In a plan view of the
vehicle, the coupling portion is oriented in or substantially in
a front-to-rear direction with respect to the vehicle and
extends in a direction different from that of the first and
second attachment portions.
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STRADDLE-TYPE VEHICLE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to straddle-type
vehicles, and more particularly, to a bracket that couples a
down frame with an engine.

[0003] 2. Description of the Related Art

[0004] Straddle-type vehicles include motorcycles, for
example. Motorcycles are disclosed in Japanese Patent No.
4546312, for example.

[0005] According to Japanese Patent No. 4546312, a
motorcycle includes an engine, a frame, and a plurality of
engine brackets. The frame includes a head pipe, a main
frame, a down frame, a lower frame, and a pivot frame. The
main frame extends rearward from the head pipe. The down
frame extends downward from the bottom of the head pipe.
The lower frame extends rearward from the bottom of the
down frame. The pivot frame couples a rear portion of the
lower frame with a rear portion of the main frame. The engine
is supported on the frame via the plurality of engine brackets.
The plurality of engine brackets include a first engine brake,
a second engine bracket and a third engine bracket. The first
engine bracket connects the pivot frame with the cylinder
head of the engine. The second engine bracket connects the
top end of the lower frame with the crankcase of the engine.
The third engine bracket connects the portion of the lower
frame that is in its middle as measured in a front-to-rear
direction thereof, with the crankcase.

[0006] A motorcycle may travel over an uneven surface. At
this moment, the engine bracket coupling the frame located
forward of the engine with the engine (hereinafter referred to
as front engine bracket) receives an impact-related load in a
front-to-rear direction with respect to the vehicle. To address
such a load, it is desirable to reduce the rigidity of the bracket
to absorb the impact.

[0007] When the motorcycle is cornering, the vehicle, even
when leaned, tends to rise up due to centrifugal forces and the
rigidity balance of various components. At this moment, the
front engine bracket receives a twisting load in a twisting
direction. To address such a load in a twisting direction, it is
desirable to ensure a high rigidity of the bracket to prevent the
engine from rising up due to centrifugal forces.

[0008] Thus, the front engine bracket is desired to possess
different properties associated with a front-to-rear direction
with respect to the vehicle and a twisting direction. The
bracket is desired to possess these properties at the same time.
Japanese Patent No. 4546312 fails to disclose or suggest the
properties that the front engine bracket is desired to possess.

SUMMARY OF THE INVENTION

[0009] Preferred embodiments ofthe present invention pro-
vide a straddle-type vehicle that possesses desirable proper-
ties associated with a front-to-rear direction with respect to
the vehicle and a twisting direction at the same time.

[0010] A straddle-type vehicle according to a first preferred
embodiment of the present invention includes an engine, a
body frame, and a bracket. The bracket attaches the engine to
the body frame. The body frame includes a head pipe, a main
frame, and a down frame. The main frame extends rearward
from the head pipe. The down frame is located forward of the
engine and extends in a top-to-bottom direction. The bracket
includes a first attachment portion, a second attachment por-
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tion and a coupling portion. The first attachment portion is
attached to the down frame. The second attachment portion is
attached to the engine and is located rearward of the first
attachment portion. The coupling portion is located between
the first and second attachment portions and couples the first
attachment portion with the second attachment portion. The
first and second attachment portions extend in a front-to-rear
direction with respect to the vehicle. The first attachment
portion is offset relative to the second attachment portion in a
vehicle width direction. In a plan view of the vehicle, the
coupling portion is generally oriented in a front-to-rear direc-
tion with respect to the vehicle and extends in a direction
different from that of the first and second attachment portions.

[0011] In the first preferred embodiment of the present
invention, the first and second attachment portions are offset
relative to each other in a vehicle width direction. Thus, the
rigidity of the bracket in a front-to-rear direction with respect
to the vehicle is reduced. As such, for example, an impact load
in a front-to-rear direction with respect to the vehicle received
when the vehicle travels over an uneven surface is mitigated.
On the other hand, the rigidity of the bracket in a direction in
which one of the first and second attachment portions is
twisted relative to the other is increased. As such, the engine
is stably supported against a twisting load received during
cornering, for example. Thus, the bracket possesses the
desired properties associated with a front-to-rear direction
with respect to the vehicle and a twisting direction at the same
time.

[0012] The main frame need not extend directly from the
head pipe rearward. For example, the main frame may extend
rearward from another component connected with the head
pipe (a connecting frame that couples the head pipe with the
down frame, for example).

[0013] It is not necessary that the entire down frame be
located forward of the engine. That is, the down frame
includes a frame that has only a portion thereof located for-
ward of the engine.

[0014] A second preferred embodiment of the present
invention includes the arrangement of the first preferred
embodiment of the present invention, and, in a plan view of
the vehicle, the coupling portion extends in a direction angled
relative to a front-to-rear direction with respect to the vehicle.

[0015] In the second preferred embodiment of the present
invention, the thickness of the coupling portion preferably is
smaller than that of a coupling portion extending in a vehicle
width direction. As such, the rigidity of the bracket is capable
of being easily tuned.

[0016] A third preferred embodiment of the present inven-
tion includes the arrangement of the second preferred
embodiment of the present invention, and the first attachment
portion, second attachment portion and coupling portion each
have a thickness as measured in a vehicle width direction. The
coupling portion includes a first end surface and a second end
surface. The first end surface is located on one of the sides of
the coupling portion disposed in a vehicle width direction.
The second end surface is located on the other one of the sides
of'the coupling portion disposed in a vehicle width direction.
In a plan view of the vehicle, the first end surface extends in
a direction different from that of the second end surface.

[0017] In the third preferred embodiment of the present
invention, the thickness of the coupling portion as measured
in a vehicle width direction is easily changed along a front-
to-rear direction with respect to the vehicle.
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[0018] A fourth preferred embodiment of the present inven-
tion includes the arrangement of the third preferred embodi-
ment of the present invention, and in a plan view of the
vehicle, the first end surface includes a slope extending in a
direction angled relative to a front-to-rear direction with
respectto the vehicle. Ina plan view of the vehicle, the second
end surface includes a horizontal surface extending in a front-
to-rear direction with respect to the vehicle. The slope over-
laps the horizontal surface as viewed in a vehicle width direc-
tion.

[0019] In the fourth preferred embodiment of the present
invention, the thickness of the coupling portion as measured
in a vehicle width direction is easily changed.

[0020] A fifth preferred embodiment of the present inven-
tion includes the fourth aspect, and the coupling portion
includes a front end and a rear end. The front end is connected
with the first attachment portion. The rear end is connected
with the second attachment portion. The horizontal surface is
formed on at least one of the front and rear ends.

[0021] In the fifth preferred embodiment of the present
invention, the horizontal surface is easily provided.

[0022] A sixth preferred embodiment of the present inven-
tion includes the arrangement of the third through fifth pre-
ferred embodiments of the present invention, and the cou-
pling portion includes a portion that has a thickness as
measured in a vehicle width direction that is smaller than that
of the first and second attachment portions.

[0023] In the sixth preferred embodiment of the present
invention, the rigidity of the bracket is easily reduced.
[0024] A seventh preferred embodiment of the present
invention includes the arrangement of any of the first through
sixth preferred embodiments of the present invention, and the
first attachment portion includes a first joining surface. The
first joining surface overlaps the down frame such that the
joining surface and the down frame are arranged in a vehicle
width direction, and is joined to the down frame. The second
attachment portion includes an end surface and a projection.
The end surface is located outward of the first joining surface
as measured in a vehicle width direction. The projection
protrudes from the end surface inward as measured in a
vehicle width direction. The projection overlaps the engine
such that the projection and the engine are arranged in a
vehicle width direction, and is joined to the engine.

[0025] In the seventh preferred embodiment of the present
invention, the design of the engine need not be changed in
order to tune the rigidity of the bracket against a received load.
[0026] Moreover, the thickness of the second attachment
portion as measured in a vehicle width direction is substan-
tially increased, thus increasing the rigidity thereof against an
impact load in a vehicle width direction received when the
vehicle travels over an uneven surface.

[0027] An eighth preferred embodiment of the present
invention includes the arrangement of any of the first through
seventh preferred embodiments of the present invention, and
the engine includes a crankcase. The second attachment por-
tion is attached to the crankcase.

[0028] In the eighth preferred embodiment of the present
invention, the bracket is located lower than the center of
gravity of the engine. Thus, when the vehicle receives a force
in a front-to-rear direction with respect to the vehicle, defor-
mation in a twisting direction occurs between the center of
gravity and the bracket (more particularly, the portion of the
engine to which the second attachment portion is attached).
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As such, the rigidity of the vehicle as a whole against a
received force in a front-to-rear direction with respect to the
vehicle is reduced.

[0029] A ninth preferred embodiment of the present inven-
tion includes the arrangement of the eighth preferred embodi-
ment of the present invention, and in a side view of the
vehicle, the second attachment portion is located below a
horizontal line that passes through the center of gravity of the
engine.

[0030] In the ninth preferred embodiment of the present
invention, the rigidity of the vehicle as a whole against a
received force in a front-to-rear direction with respect to the
vehicle is reduced.

[0031] A tenth preferred embodiment of the present inven-
tion includes the arrangement of any of the first through ninth
preferred embodiments of the present invention, and in a side
view of the vehicle, the coupling portion is located between
the engine and the down frame. A plurality of first insertion
holes are provided in the first attachment portion, a bolt being
inserted through each of' the plurality of first insertion holes to
attach the first attachment portion to the down frame. A sec-
ond insertion hole is provided in the second attachment por-
tion, a bolt being inserted through the second insertion hole to
attach the second attachment portion to the engine. The plu-
rality of first insertion holes are arranged in a top-to-bottom
direction. In a side view of the vehicle, the second insertion
holeis located, as measured in a top-to-bottom direction with
respect to the vehicle, between the uppermost one of the
plurality of first insertion holes and the lowermost one of the
plurality of first insertion holes.

[0032] The above and other elements, features, steps, char-
acteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a left side view of a motorcycle according
to a preferred embodiment of the present invention.

[0034] FIG. 2A is a left side view of the body frame.
[0035] FIG. 2B is a plan view of the body frame.
[0036] FIG. 3 is a left side view of the left one of a pair of

brackets for coupling the down frame with the engine.
[0037] FIG. 4 is a plan view of the bracket of FIG. 3.
[0038] FIG. 5 is an enlarged plan view of the coupling
portion of the bracket of FIG. 3.

[0039] FIG. 6 is a left side view of the bracket of FIG. 3 as
coupling the down frame with the engine.

[0040] FIG. 7 is a cross-sectional view taken on line VII-
VII of FIG. 6.
[0041] FIG. 8 is an enlarged plan view of a variation of the

coupling portion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] Now, a straddle-type vehicle according to preferred
embodiments of the present invention will be described with
reference to the drawings. In the description of the present
preferred embodiments, the straddle-type vehicle preferably
is a motocrosser-type motorcycle, for example. The same or
corresponding elements in various drawings are labeled with
the same characters and their description will not be repeated.
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[0043] FIG.1is a left side view of a motorcycle 10 accord-
ing to the present preferred embodiment of the present inven-
tion. In the following description, front/forward, rear/rear-
ward, left and right indicate directions as perceived by a rider
sitting on the seat 28 of the motorcycle 10. In FIG. 1, arrow F
indicates the forward direction with respect to the motorcycle
10, and arrow U the upward direction with respect to the
motorcycle 10.

[0044] The motorcycle 10 includes a body frame 12, a front
wheel 14F, arear wheel 14R, a front suspension 16, a rear arm
18, handlebars 20, an engine 22, an exhaust pipe 24, a muffler
26, a seat 28, a fuel tank 30, and an air cleaner box 32.
[0045] The body frame 12 will be described with reference
to FIGS. 2A and 2B. FIG. 2A is a left side view of the body
frame 12. FIG. 2B is a plan view of the body frame. In FIG.
2A, arrow F indicates the forward direction with respect to the
motorcycle 10, and arrow U the upward direction with respect
to the motorcycle 10. In FIG. 2B, arrow F indicates the for-
ward direction with respect to the motorcycle 10, and arrow L
the left direction with respect to the motorcycle 10.

[0046] Thebody frame 12 includes a head pipe 34, a pair of
main frames 38, to the left and right, a pair of pivot frames 40,
to the left and right, a pair of support frames 42, to the left and
right, a down frame 44, a pair of lower frames 46, to the left
and right, a pair of seat frames 48, to the left and right, and a
pair of back stays 50, to the left and right.

[0047] The head pipe 34 is located on the front end of the
body frame 12. The head pipe 34 includes a head pipe body 35
and a connecting frame 36. A steering shaft, not shown, is
inserted through the head pipe body 35. The connecting frame
36 extends from the head pipe body 35 rearward and down-
ward.

[0048] The main frames 38 are connected with the connect-
ing frame 36. The main frames 38 are spaced apart from each
other in a vehicle width direction. The main frames 38 extend
from the connecting frame 36 rearward and downward. That
is, the main frames 38 extend rearward from the head pipe 34.
[0049] As shown in FIG. 2B, a cross member 39 is located
between the main frames 38. The cross member 39 couples
the main frames 38 with each other.

[0050] The down frame 44 is connected with the bottom
end of the head pipe body 35. The down frame 44 extends
rearward and downward from the bottom end of the head pipe
body 35. The down frame 44 is connected with the connecting
frame 36. That is, the connecting frame 36 couples the head
pipe 34 with the down frame 44.

[0051] The lower frames 46 are connected with the down
frame 44. The lower frames 46 are spaced apart from each
other in a vehicle width direction. The lower frames 46 extend
rearward and downward from the down frame 44.

[0052] The pivot frames 40 are spaced apart from each
other in a vehicle width direction. The left pivot frame 40
couples the left main frame 38 with the left lower frame 46.
The right pivot frame 40 couples the right main frame 38 with
the right lower frame 46.

[0053] The support frames 42 are spaced apart from each
other in a vehicle width direction. The left support frame 42
couples the connecting frame 36 with the left main frame 38.
The right support frame 42 couples the connecting frame 36
with the right main frame 38.

[0054] The seat frames 48 are spaced apart from each other
in a vehicle width direction. The left seat frame 48 is con-
nected with the cross member 39 and extends from the cross
member 39 rearward and upward. The right seat frame 48 is
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connected with the cross member 39 and extends from the
cross member 39 rearward and upward.

[0055] The back stays 50 are spaced apart from each other
in a vehicle width direction. The left back stay 50 couples the
left seat frame 48 with the left pivot frame 40. The right back
stay 50 couples the right seat frame 48 with the cross member

[0056] Returning to FIG. 1, the front wheel 14F is rotatably
supported by the front suspension 16. The front wheel 14F
rotates to the left and right as the handlebars 20 are operated.
Meters (not shown) are located near the handlebars 20.
[0057] The rear wheel 14R is rotatably supported by the
rear arm 18 attached to the pivot frames 40. The rear wheel
14R rotates as power from the engine 22 is transferred thereto.
[0058] The engine 22 is supported by the body frame 12.
More specifically, as shown in FIGS. 1 and 2, the engine 22 is
attached to the body frame 12 by a plurality of brackets 52 and
54. More specifically, the crankcase 22A of the engine 22 is
attached to the down frame 44 by a pair of brackets 52, to the
left and right. The cylinder 22B of the engine 22 is attached to
the support frames 42 by a pair of brackets 54, to the left and
right. A lower portion of the crankcase 22A is attached to the
lower frames 46, and a rear portion of the crankcase 22A is
attached to the pivot frames 40.

[0059] AsshowninFIG. 1, the exhaust pipe 24 is connected
with the engine 22. The exhaust pipe 24 extends from an
exhaust port provided on the rear side of the cylinder 22B to
surround the cylinder 22B. The muffler 26 is connected with
the downstream end of the exhaust pipe 24.

[0060] The seat 28 is attached to the seat frames 48. The
fuel tank 30 is attached to the main frames 38 and seat frames
48. The air cleaner box 32 is attached to the connecting frame
36 and the main frames 38. A pair of air intake ducts 58 are
connected with the air cleaner box 32.

[0061] Next, the brackets 52 will be described with refer-
ence to FIGS. 3 and 4. In the present preferred embodiment,
the brackets 52 preferably are in left-right symmetry; thus, in
the description below, only the left bracket 52 will be
described, and no description of the right bracket 52 will be
given. In FIG. 3, arrow F indicates the forward direction with
respect to the motorcycle 10, and arrow U the upward direc-
tion with respect to the motorcycle 10. In FIG. 4, arrow F
indicates the forward direction with respect to the motorcycle
10, and arrow R the right direction with respect to the motor-
cycle 10.

[0062] The bracket 52 may be made of, for example, steel,
an aluminum alloy or a magnesium alloy. The bracket 52
includes a first attachment portion 56, a second attachment
portion 58 and a coupling portion 60.

[0063] The first attachment portion 56 is attached to the
down frame 44. The first attachment portion 56 has a thick-
ness, T1, as measured in a vehicle width direction. The first
attachment portion 56 extends in a front-to-rear direction,
maintaining a constant or substantially constant thickness,
T1.

[0064] The first attachment portion 56 includes an end sur-
face 56A and an end surface 56B that defines and serves as the
firstjoining surface. The end surface 56 A is spaced apart from
the end surface 56B in a thickness direction (i.e., in a vehicle
width direction). In a plan view of the vehicle, the end sur-
faces 56A and 56B are parallel or substantially parallel to
each other and extend in a front-to-rear direction.

[0065] The width of the first attachment portion 56 as mea-
sured in a top-to-bottom direction increases toward the front.
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In the present preferred embodiment, the rate at which the
width increases in the upper half of the portion is larger than
the rate at which the width increases in the lower half.
[0066] A plurality of insertion holes 62A and 62B (for
example, two holes in the present preferred embodiment) are
provided in the first attachment portion 56. The two insertion
holes 62A and 62B extend through the first attachment por-
tion 56 in a vehicle width direction. The two insertion holes
62A and 62B are spaced apart in a top-to-bottom direction.
[0067] The second attachment portion 58 is attached to the
engine 22. In the present preferred embodiment, the second
attachment portion 58 is attached to the crankcase 22A. The
second attachment portion 58 is located rearward of the first
attachment portion 56.

[0068] The second attachment portion 58 has a thickness,
T2, as measured in a vehicle width direction. The second
attachment portion 58 extends in a front-to-rear direction,
maintaining a constant or substantially constant thickness,
T2. Thickness T2 may be equal to thickness T1 or different
from thickness T1.

[0069] The second attachment portion 58 includes an end
surface 58 A and an end surface 58B. The end surface 58A is
spaced apart from the end surface 58B in a thickness direction
(i.e. in a vehicle width direction). In a plan view of the vehicle,
the end surfaces 58A and 58B are parallel or substantially
parallel to each other and extend in a front-to-rear direction.
[0070] The width of the second attachment portion 58 as
measured in a top-to-bottom direction decreases toward the
rear. In the present preferred embodiment, the rate at which
the width decreases in the upper half of the portion is larger
than the rate at which the width decreases in the lower half.
[0071] An insertion hole 64 is provided in the second
attachment portion 58. The insertion hole 64 extends through
the second attachment portion 58 in a thickness direction. As
shown in FIG. 3, in a side view of the vehicle, the insertion
hole 64 is located between the insertion holes 62A and 62B as
measured in a top-to-bottom direction with respect to the
vehicle.

[0072] The front-to-rear dimension, D2, of the second
attachment portion 58 is smaller than the front-to-rear dimen-
sion, D1, of the first attachment portion 56.

[0073] The second attachment portion 58 is offset relative
to the first attachment portion 56 in a vehicle width direction.
More specifically, as shown FIG. 4, in a plan view of the
vehicle, the end surface 58A is located to the left of the end
surface 56A as measured in a vehicle width direction. As
shown in FIG. 4, in a plan view of the bracket 52A, the end
surface 58B is located to the left of the end surface 56B as
measured in a vehicle width direction. The reference line 1.2
is located to the left of the reference line [.1 as measured in a
vehicle width direction. The reference line 1.2 is a direct line
passing through the center of the second attachment portion
58 as measured in a vehicle width direction and extending in
a front-to-rear direction, while the reference line L1 is a direct
line passing through the center of the first attachment portion
56 as measured in a vehicle width direction and extending in
a front-to-rear direction. That is, the center of the second
attachment portion 58 as measured in a vehicle width direc-
tion is located to the left of the center of the first attachment
portion 56 as measured in a vehicle width direction.

[0074] The second attachment portion 58 includes a pro-
jection 66. The projection 66 is provided on the end surface
58B. The projection 66 has an end surface 66A that serves as
the second joining surface. As shown in FIG. 4, in a plan view
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of the vehicle, the end surface 66A generally extends in a
front-to-rear direction. As shown in FIG. 4, in a plan view of
the vehicle, the end surface 66A is at the same location as the
end surface 56B as measured in a vehicle width direction.
[0075] The coupling portion 60 is located between the first
and second attachment portions 56 and 58 as measured in a
front-to-rear direction with respect to the vehicle. The cou-
pling portion 60 couples the first attachment portion 56 with
the second attachment portion 58.

[0076] Inaplanview ofthe vehicle, the coupling portion 60
extends in a direction different from that of the first and
second attachment portions 56 and 58. In a plan view of the
vehicle, the coupling portion 60 extends in a direction angled
relative to a front-to-rear direction with respect to the vehicle.
[0077] Thecoupling portion 60 has a thickness as measured
in a vehicle width direction. The coupling portion 60 has an
end surface 60 A that serves as the first end surface and an end
surface 60B that serves as the second end surface. The end
surface 60A is spaced apart from the end surface 60B in a
thickness direction (i.e. in a vehicle width direction). In a plan
view of'the vehicle, the end surface 60 A extends in a direction
different from that of the end surface 60B.

[0078] The front-to-rear dimension, D3, of the coupling
portion 60 is smaller than the front-to-rear dimension D1 of
the first attachment portion 56 or the front-to-rear dimension
D2 of the second attachment portion 58.

[0079] The end surfaces 60A and 60B will be described
with referenceto FIG. 5. FIG. 5 is an enlarged plan view of the
coupling portion 60. In FIG. 5, arrow F indicates the forward
direction with respect to the motorcycle 10, and arrow R the
right direction with respect to the motorcycle 10.

[0080] Ina plan view of the vehicle, the end surface 60A is
a slope 68 extending in a direction angled relative to a front-
to-rear direction with respect to the vehicle. The end surface
60B includes horizontal surfaces 70A and 70B extending in a
front-to-rear direction with respect to the vehicle, and a slope
72 extending in a direction angled relative to a front-to-rear
direction with respect to the vehicle.

[0081] The horizontal surface 70A is spaced apart from the
horizontal surface 70B in a front-to-rear direction. In a plan
view of the vehicle, the horizontal surface 70B is located to
the left of the horizontal surface 70 A as measured in a vehicle
width direction. The horizontal surface 70A is smoothly con-
nected with the end surface 56B. The horizontal surface 70B
is smoothly connected with the end surface 58B. The slope 72
is connected with the horizontal surfaces 70A and 70B. The
slope 72 is non-parallel relative to the slope 68.

[0082] The coupling portion 60 includes a front end 74, a
rear end 76 and a connection 78. The front end 74 is connected
with the first attachment portion 56. The rear end 76 is con-
nected with the second attachment portion 58. The connec-
tion 78 is located between the front and rear ends 74 and 76 as
measured in a front-to-rear direction with respect to the
vehicle. The connection 78 connects the front end 74 with the
rear end 76.

[0083] The horizontal surface 70A is provided on the front
end 74. The horizontal surface 70B is provided on the rear end
76. The slope 68 (i.e., the end surface 60A) overlaps the
horizontal surfaces 70A and 70B as viewed in a vehicle width
direction.

[0084] The thickness of the coupling portion 60 as mea-
sured in a vehicle width direction is changed along a front-
to-rear direction with respect to the vehicle. The thickness,
T3, of the coupling portion 60 as measured in a vehicle width
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direction is smallest at the interface between the horizontal
surface 70B and slope 72. Thickness T3 is smaller than thick-
ness T1 or T2.

[0085] How the bracket 52 couples the down frame 44 with
the engine 22 will be described with reference to FIGS. 6 and
7. In FIG. 6, arrow F indicates the forward direction with
respect to the motorcycle 10, and arrow U the upward direc-
tion with respect to the motorcycle 10. In FIG. 7, arrow F
indicates the forward direction with respect to the motorcycle
10, and arrow R the right direction with respect to the motor-
cycle 10.

[0086] The first attachment portion 56 is attached to the
down frame 44 by a bolt 63 A, which is inserted through the
insertion hole 62A, and a bolt 63B, which is inserted through
the insertion hole 62B. As shown in FIG. 7, the first attach-
ment portion 56 overlaps the down frame 44 such that the first
attachment portion and down frame are arranged in a vehicle
width direction. The end surface 56B is joined to the down
frame 44. In other words, the end surface 56B implements the
first joining surface.

[0087] The second attachment portion 58 is attached to the
crankcase 22A by a bolt 63C, which is inserted through the
insertion hole 64. The projection 66 overlaps the crankcase
22A such that the projection and crankcase are arranged in a
vehicle width direction. The end surface 66A is joined to the
crankcase 22A.

[0088] As shown in FIG. 2A, in a side view of the vehicle,
the second attachment portion 58 is located below a horizon-
tal line, H, which passes through the center of gravity, G, of
the engine 22. The center of gravity G of the engine 22 is the
center of gravity of not only the engine 22, but of a rigid body
including the exhaust pipe 24 connected with the engine 22,
the muffler 26 connected with the exhaust pipe 24 and the
throttle body 79 connected with the engine 22.

[0089] With the first attachment portion 56 attached to the
down frame 44 and the second attachment portion 58 attached
to the engine 22 in the manner described above, the coupling
portion 60 is located between the engine 22 and down frame
44 in a side view of the vehicle.

[0090] A motorcycle 10 includes an engine 22, a body
frame 12, and a bracket 52. The bracket 52 attaches the engine
22 to the body frame 12. The body frame 12 includes a head
pipe 34, a main frame 36, and a down frame 44. The main
frame 36 extends rearward from the head pipe 34. The down
frame 44 is located forward of the engine 22 and extends in a
top-to-bottom direction. The bracket 52 includes a first
attachment portion 56, a second attachment portion 58 and a
coupling portion 60. The first attachment portion 56 is
attached to the down frame 44. The second attachment por-
tion 58 is attached to the engine 22 and is located rearward of
the first attachment portion 56. The coupling portion 60 is
located between the first and second attachment portions 56
and 58 and couples the first attachment portion 56 with the
second attachment portion 58. The first and second attach-
ment portions 56 and 58 extend in a front-to-rear direction
with respect to the vehicle. The first attachment portion 56 is
offset relative to the second attachment portion 58 in a vehicle
width direction. In a plan view of the vehicle, the coupling
portion 60 is generally oriented in a front-to-rear direction
with respect to the vehicle and extends in a direction different
from that of the first and second attachment portions 56 and
58.

[0091] The first and second attachment portions 56 and 58
are offset relative to each other in a vehicle width direction.
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Thus, the rigidity of the bracket in a front-to-rear direction
with respect to the vehicle is reduced. As such, for example,
an impact load in a front-to-rear direction with respect to the
vehicle received when the vehicle travels over an uneven
surface is mitigated. On the other hand, the rigidity of the
bracket in a direction in which one of the first and second
attachment portions 56 and 58 is twisted relative to the other
is increased. As such, the engine 22 is stably supported
against a twisting load received during cornering, for
example. Thus, the bracket possesses the desired properties
associated with a front-to-rear direction with respect to the
vehicle and a twisting direction at the same time.

[0092] The thicknesses of the first attachment portion 56,
second attachment portion 58 and coupling portion 60 as
measured in a vehicle width direction are configured to be
tuned separately. This improves the degree of freedom in
tuning.

[0093] Tuning the offset of the second attachment portion
58 relative to the first attachment portion 56 tunes the rigidity
of'the bracket against a received load in a front-to-rear direc-
tion with respect to the vehicle. Further, tuning the thickness
of the coupling portion 60 as measured in a vehicle width
direction tunes the rigidity of the bracket against a received
load in a front-to-rear direction with respect to the vehicle.
More specifically, reducing the thickness of the coupling
portion 60 as measured in a vehicle width direction reduces
the rigidity of the bracket against a received load in a front-
to-rear direction with respect to the vehicle.

[0094] Tuning the offset tunes the rigidity of the bracket
against a received load in a twisting direction. More specifi-
cally, increasing the offset improves the rigidity of the bracket
against a received force in a twisting direction.

[0095] Inaplanview ofthe vehicle, the coupling portion 60
extends in a direction angled relative to a front-to-rear direc-
tion with respect to the vehicle. Thus, the thickness of the
coupling portion 60 preferably is smaller than that of a cou-
pling portion 60 extending in a vehicle width direction. As
such, the rigidity of the bracket 52 is capable of being easily
tuned.

[0096] The first attachment portion 56, second attachment
portion 58 and coupling portion 60 each have a thickness as
measured in a vehicle width direction. The coupling portion
60 includes a first end surface 60A and a second end surface
60B. The first end surface 60A is located on one of the sides
of'the coupling portion disposed in a vehicle width direction.
The second end surface 60B is located on the other one of the
sides of the coupling portion disposed in a vehicle width
direction. In a plan view of the vehicle, the first end surface
60A extends in a direction different from that of the second
end surface 60B.

[0097] Thus, the thickness of the coupling portion 60 as
measured in a vehicle width direction is changed along a
front-to-rear direction with respect to the vehicle.

[0098] In a plan view of the vehicle, the first end surface
60A includes a slope 68 extending in a direction angled
relative to a front-to-rear direction with respect to the vehicle.
In a plan view of the vehicle, the second end surface 60B
includes horizontal surfaces 70A and 70B extending in a
front-to-rear direction with respect to the vehicle. The slope
68 overlaps the horizontal surfaces 70A and 70B as viewed in
a vehicle width direction.

[0099] The thickness of the coupling portion 60 as mea-
sured in a vehicle width direction is easily changed.
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[0100] The coupling portion 60 includes a front end 74 and
a rear end 76. The front end 74 is connected with the first
attachment portion 56. The rear end 76 is connected with the
second attachment portion 58. The horizontal surface 70A is
provided on the front end 74. The horizontal surface 70B is
provided on the rear end 76.

[0101] Thus, the horizontal surfaces 70A and 70B are
capable of being easily formed.

[0102] The coupling portion 60 includes a portion that has
a thickness as measured in a vehicle width direction that is
smaller than that of the first and second attachment portions
56 and 58. Thus, the rigidity of the bracket 52 is easily
reduced.

[0103] The first attachment portion 56 includes a first join-
ing surface 56B. The first joining surface 56B overlaps the
down frame 44 such that the joining surface and the down
frame are arranged in a vehicle width direction, and is joined
to the down frame 44. The second attachment portion 58
includes an end surface 58B and a projection 66. The end
surface 58B is located outward of the first joining surface 56B
as measured in a vehicle width direction. The projection 66
protrudes from the end surface 58B inward as measured in a
vehicle width direction. The projection 66 overlaps the engine
22 such that the projection and the engine are arranged in a
vehicle width direction, and is joined to the engine 22.
[0104] Thus, the design of the engine 22 need not be
changed in order to tune the rigidity of the bracket against a
load received.

[0105] The engine 22 includes a crankcase 22A. The sec-
ond attachment portion 58 is attached to the crankcase 22A.
[0106] Thus, the bracket 52 is located lower than the center
of gravity, G, of the engine 22. Thus, when the vehicle
receives a force in a front-to-rear direction with respect to the
vehicle, deformation in a twisting direction occurs between
center of gravity G and the bracket 52 (more particularly, the
portion of the engine 22 to which the second attachment
portion 58 is attached). As such, the rigidity of the vehicle as
a whole against a received force in a front-to-rear direction
with respect to the vehicle is significantly reduced.

[0107] Moreover, the distance between the bracket 54 and
bracket 52 is increased. This increases the rigidity against a
received force in a twisting direction.

[0108] In aside view of the vehicle, the second attachment
portion 58 is located below a horizontal line, H, that passes
through the center of gravity of the engine 22. Thus, the
rigidity of the vehicle as a whole against a received force in a
front-to-rear direction with respect to the vehicle is reduced.
[0109] In the preferred embodiment illustrated above, the
slope 72 preferably is parallel or substantially parallel to the
slope 68.

[0110] Inthe preferred embodiment illustrated above, only
one of the horizontal surfaces 70A and 70B may be provided,
or the horizontal surfaces 70 A and 70B may not be provided,
for example.

[0111] In the preferred embodiments described above, the
thicknesses ofthe first and second attachment portions 56 and
58 and coupling portion 60 as measured in a vehicle width
direction may be equal or different.

[0112] In the preferred embodiments described above, the
first attachment portion 56 may be attached to the lower frame
46.

[0113] In the preferred embodiments described above, the
shape of the coupling portion 60 in a plan view of the vehicle

Sep. 18,2014

is not limited to that shown in FIG. 5. For example, as shown
in FIG. 8, the end surface 60A may be bent in a plan view of
the vehicle.

[0114] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

1. (canceled)

2. A straddle-type vehicle comprising:

an engine;

a body frame; and

a bracket configured to attach the engine to the body frame;

wherein the body frame includes:

a head pipe;

a main frame extending rearward from the head pipe;
and

a down frame located forward of the engine and extend-
ing in a top-to-bottom direction;

the bracket includes:

a first attachment portion attached to the down frame;

a second attachment portion attached to the engine and
located rearward of the first attachment portion; and

a coupling portion located between the first and second
attachment portions to couple the first attachment por-
tion with the second attachment portion; wherein

the first and second attachment portions extend in a
front-to-rear direction with respect to the vehicle;

the first attachment portion is offset relative to the sec-
ond attachment portion in a vehicle width direction;
and

in a plan view of the vehicle, the coupling portion is
oriented in or substantially in a front-to-rear direction
with respect to the vehicle and extends in a direction
different from that of the first and second attachment
portions.

3. The straddle-type vehicle according to claim 2, wherein,
in a plan view of the vehicle, the coupling portion extends in
a direction angled relative to the front-to-rear direction with
respect to the vehicle.

4. The straddle-type vehicle according to claim 3, wherein

the first attachment portion, second attachment portion and

coupling portion each have a thickness as measured in
the vehicle width direction;

the coupling portion includes:

a first end surface located on one side of the coupling
portion disposed in the vehicle width direction; and

a second end surface located on the other side of the
coupling portion disposed in the vehicle width direc-
tion; and

in a plan view of the vehicle, the first end surface extends
in a direction different from that of the second end
surface.

5. The straddle-type vehicle according to claim 4, wherein,

in a plan view of the vehicle, the first end surface includes

a slope extending in a direction angled relative to the
front-to-rear direction with respect to the vehicle;

in a plan view of the vehicle, the second end surface

includes a horizontal surface extending in the front-to-
rear direction with respect to the vehicle; and

the slope overlaps the horizontal surface as viewed in the

vehicle width direction.
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6. The straddle-type vehicle according to claim 5, wherein
the coupling portion includes:

a front end connected with the first attachment portion;

a rear end connected with the second attachment portion;

wherein

the horizontal surface is located on at least one of the front

and rear ends.

7. The straddle-type vehicle according to claim 4, wherein
the coupling portion includes a portion that has a thickness as
measured in the vehicle width direction that is smaller than
that of the first and second attachment portions.

8. The straddle-type vehicle according to claim 2, wherein

the first attachment portion includes a first joining surface

overlapping the down frame such that the joining surface
and the down frame are arranged in the vehicle width
direction, and joined to the down frame;

the second attachment portion includes:

an end surface located outward of the first joining sur-
face in the vehicle width direction; and

a projection protruding from the end surface inward in
the vehicle width direction; wherein

the projection includes a second joining surface overlap-
ping the engine such that the projection and the engine
are arranged in the vehicle width direction, and joined
to the engine.

9. The straddle-type vehicle according to claim 2, wherein

the engine includes a crankcase; and

the second attachment portion is attached to the crankcase.
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10. The straddle-type vehicle according to claim 9,
wherein, in a side view of the vehicle, the second attachment
portion is located below a horizontal line that passes through
a center of gravity of the engine.

11. The straddle-type vehicle according to claim 2,
wherein,

in a side view of the vehicle, the coupling portion is located
between the engine and the down frame;

a plurality of first insertion holes are provided in the first
attachment portion;

a bolt is inserted through each of the plurality of first
insertion holes to attach the first attachment portion to
the down frame;

a second insertion hole is provided in the second attach-
ment portion;

abolt is inserted through the second insertion hole to attach
the second attachment portion to the engine;

the plurality of first insertion holes are arranged in the
top-to-bottom direction; and

in the side view of the vehicle, the second insertion hole is
located, as measured in the top-to-bottom direction with
respect to the vehicle, between an uppermost one of the
plurality of first insertion holes and a lowermost one of
the plurality of first insertion holes.
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