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(54) COOLING FIN STRUCTURE FOR VEHICLE-MOUNTED INTERNAL COMBUSTION ENGINE

(57) An internal combustion engine 10 mounted on
a motorcycle has a forward-tilted or substantially hori-
zontal cylinder and is provided on its upper surface with
a cooling fin structure 31 including cooling fins 30 extend-
ing in a direction in which the motorcycle advances. Re-
inforcing bulges 34 are formed integrally with the cooling
fins 30 on the surfaces of the cooling fins 30 such that
the reinforcing bulges 34 of each cooling fin 30 are sep-
arated from the adjacent cooling fins 30 and from the
reinforcing bulges 34 of the adjacent cooling fins 30. The
respective reinforcing bulges 34 of the adjacent ones of
the cooling fins 30 are arranged alternately. The respec-
tive reinforcing bulges 34 of the adjacent cooling fins 30
do not overlap each other when seen in a direction along
the length of the cooling fins 30. Bottom walls 35 contin-
uously extending in the running direction of the motorcy-
cle are formed between the adjacent ones of the cooling
fins 30. Sand and mud can hardly accumulate in the cool-
ing fin structure 31, which enables easy cleaning of the
cooling fin structure. The cooling fin structure can prevent
reduction of the cooling ability thereof.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a cooling fin
structure for an internal combustion engine to be mount-
ed on a vehicle, such as a motorcycle.

BACKGROUND ART

[0002] The cylinder block and the cylinder head of an
internal combustion engine to be mounted on a vehicle,
such as a motorcycle, are provided on their surfaces with
cooling fins for cooling the internal combustion engine
by air currents. Since cooling fins are comparatively thin,
adjacent cooling fins are connected by reinforcing ribs to
enhance the rigidity of the cooling fins such that the fins
are not caused to generate sounds by wind and vibrations
and to increase heat radiating area by the reinforcing
ribs. Such a cooling fin structure is described in Patent
Document 1.
[0003]

Patent Document 1: JP 8-7070 U

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0004] An on-vehicle internal combustion engine pro-
vided with cooling fins connected by reinforcing ribs on
its outer surface has an upper surface having recesses
demarcated by the cooling fins and the reinforcing ribs
and arranged in a grid. Sand and mud are liable to ac-
cumulate in the recesses to deteriorate engine cooling
ability. Moreover, it is difficult to clean the recesses by
removing accumulated sand and mud. An attempt to form
part of each of the reinforcing ribs in a height lower by
far than that of the cooling fins was made with an intention
to lessen the adverse effect of such a problem to some
extent. However, recesses remained without a change
and hence the foregoing problem could not be completely
solved.
[0005] The present invention has been made to solve
the above problem, and the object of the invention is to
provide a cooling fin structure for an on-vehicle internal
combustion engine in which sand and mud can hardly
accumulate therein and which enables easy cleaning of
the cooling fin structure and can prevent reduction of the
cooling.

Means for Solving the Problem

[0006] The present invention provides a cooling fin
structure for an on-vehicle internal combustion engine,
comprising cooling fins formed in parallel arrangement
on at least an upper surface of the on-vehicle internal
combustion engine, wherein the cooling fins are each

provided with reinforcing bulges on surfaces thereof: and
the reinforcing bulges on each cooling fin are separated
from adjacent cooling fins and from the reinforcing bulges
on the adjacent cooling fins.
[0007] Preferably, the reinforcing bulges of adjacent
ones of the parallel cooling fins are arranged alternately.
[0008] Preferably, the reinforcing bulges are formed
such that the respective reinforcing bulges of the adja-
cent cooling fins do not overlap each other when viewed
in a direction along the length of the cooling fins.
[0009] In an embodiment of the present invention, the
on-vehicle internal combustion engine has a forward-tilt-
ed or substantially horizontal cylinder, is suspended from
a main frame extending obliquely downward to the rear
from a head pipe included in a motorcycle and is provided
with an air intake system for taking air into the engine,
including parts disposed between the upper surface of a
cylinder head and the main frame, and the cooling fins
extends in a direction in which the motorcycle advances.
[0010] Typically, the outermost one of the cooling fins
is not provided with the reinforcing bulges on at least an
outer surface thereof.

Effect of the Invention

[0011] The cooling fins in the present invention are pro-
vided on their surfaces with the reinforcing bulges. There-
fore, the rigidity of the cooling fins is enhanced by the
reinforcing bulges and hence the fins are prevented from
generating sounds and noise (reduction of sounds and
noise). The reinforcing bulges increase the surface areas
of the cooling fins to improve cooling ability. The cooling
fin structure of the present invention differs from the con-
ventional cooling fin structure in that the reinforcing bulg-
es on the cooling fins are separated from adjacent cooling
fins and from the reinforcing bulges on the adjacent cool-
ing fins. Therefore, the adjacent fins are not connected
by the reinforcing bulges and hence the cooling fins and
the reinforcing bulges do not form recesses. Conse-
quently, continuous bottom walls extending through the
length of the cooling fins are formed between the adjacent
ones of the cooling fins. Thus, grit and dust particles and
mud that have entered the spaces between the adjacent
ones of the cooling fins can hardly accumulate in those
spaces and can be easily washed away with water even
if grit and dust particles and mud accumulate in those
spaces.
[0012] Since the reinforcing bulges of adjacent ones
of the parallel cooling fins are arranged alternately, re-
duction of the sectional area of an air passage between
the adjacent ones of the cooling fins caused by the rein-
forcing bulges can be limited to a least extent and com-
paratively large grit particles and lumps of mud which
have entered the spaces between the adjacent ones of
the cooling fins are rarely caught by the reinforcing
bulges , can easily roll in the space and can easily go out
of the space. Therefore, air passages between the adja-
cent ones of the cooling fins can be easily cleaned. Air
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can easily flow through the air passages because the air
passages are not narrowed.
[0013] Since the reinforcing bulges are arranged such
that the respective reinforcing bulges of the adjacent
cooling fins do not coincide with each other with respect
to a direction along the length of the cooling fins, cooling
air can easily flow through spaces each formed between
adjacent cooling fins, sand and mud are rarely stuck in
the spaces each between the adjacent cooling fins and
the spaces can be easily cleaned.
[0014] The on-vehicle internal combustion engine is
suspended from the main frame extending obliquely
downward to the rear from the head pipe of the motor-
cycle and is provided with an air intake system for taking
air into the engine, including parts disposed between the
upper surface of a cylinder head and the main frame.
Therefore, rainwater, which has adhered to the main
frame and the parts of the air intake system while the
vehicle is running, drips easily onto the cooling fin struc-
ture on the upper part of the internal combustion engine.
Rainwater and such which have dripped onto the cooling
fin structure can easily flow in the running direction of the
vehicle and separate from the cooling fin structure be-
cause the cooling fins and the reinforcing bulges do not
form divided recesses.
[0015] When the outermost ones of the cooling fins are
not provided with the reinforcing bulges on at least their
outer surfaces, the cooling fin structure is given an im-
proved appearance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a side elevation of a motorcycle provided
with an internal combustion engine including a cool-
ing fin structure in a preferred embodiment of the
present invention;
Fig. 2 is an enlarged side elevation of a part of Fig.
1 including the internal combustion engine and an
intake system;
Fig. 3 is a side elevation of a cylinder block included
in the internal combustion engine shown in Fig. 2;
Fig. 4 is a plan view of the cylinder block shown in
Fig. 3 and having the cooling fin structure of the
present invention;
Fig. 5 is a sectional view taken on the line V-V in Fig.
4;
Fig. 6 is a top view of the cylinder block as viewed
from the front side with respect to the running direc-
tion; and
Fig. 7 is a plan view of the on-vehicle internal com-
bustion engine.

REFERENCE CHARACTERS

[0017] 1 ... Motorcycle, 3 ... Front fork, 4 ... Head pipe,
5 ... Main frame, 6 ... Rear frame, 10 ... Internal combus-

tion engine, 11 ... Crankcase, 12 ... Cylinder block, 13 ...
Cylinder head, 14 ... Head cover, 15 ... Chain case, 17 ...
Shock absorber, 18 ... Leg shield, 20 ... Air intake sys-
tem, 30 ... Cooling fin, 31 ... Cooling fin structure, 32 ...
Cooling fin, 32a ... Cooling fin, 32b ... Reinforcing rib,
34 ... Reinforcing ridge, 35 ... Bottom wall, 40 ... Cooling
fin, 40a ... Cooling fin, 40b ... Reinforcing rib

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] A cooling fin structure according to the present
invention for an on-vehicle internal combustion engine
will be described with reference to the accompanying
drawings.
[0019] Fig. 1 shows a motorcycle provided with an in-
ternal combustion engine including a cooling fin structure
in a preferred embodiment of the present invention. Re-
ferring to Fig. 1, the motorcycle 1 has a body frame in-
cluding, as principal components, a front fork 3 support-
ing a front wheel 2, a head pipe 4 connected to an upper
part of the front fork 3, a main frame 5 extending obliquely
downward to the rear from the head pipe 4, and a carrier
frame 6 connected to the rear end of the main frame 5,
curved in an upward convex shape and extending ob-
liquely upward toward the rear, which are united in a unit
to form the body frame. The upper part of the front fork
3 is rotatably supported in the head pipe 4. A transverse
handlebar 7 is disposed above the head pipe 4. A seat
8 is disposed above the rear frame 6. Indicated at 9 is a
body cover.
[0020] The internal combustion engine 10 is disposed
under the main frame 5 and is supported with its cylinder
axis tilted forward so as to rise at a small inclination to-
ward the front or with its axis extended substantially hor-
izontally. The internal combustion engine 10 includes a
crankcase 11, a cylinder block 12, a cylinder head 13
and a head cover 14. A chain case 15 extends rearward
from the crankcase 11. A rear wheel 16 is supported on
a rear end part of the chain case 15. The rear end of the
chain case 15 is connected to the rear part of the rear
frame 6 by a shock absorber 17. A leg shield 18 straddling
the main frame 5 covers the cylinder block 12 and the
cylinder head 13 of the internal combustion engine 10
from transverse directions. The rear frame 6 is covered
with a rear cover 19. The seat 8 is placed on the rear
cover 19.
[0021] The internal combustion engine 10 is suspend-
ed from the main frame 5. Referring to Fig. 2 showing a
part of Fig. 1 in on an enlarged scale, the internal com-
bustion engine 10 has a forward tilted or substantially
horizontal cylinder, and an air intake system 20 is con-
nected to an upper part of the cylinder head 13. The air
intake system 20 includes an intake pipe 21, a throttle
22, an air cleaner 23 and so on. Intake air flows through
the air cleaner 23, the air intake system 20 and the cyl-
inder head 13 into the cylinder. An injector 24 injects fuel
into the intake air. The air intake system 20 is disposed
below the main frame 5; that is, the air intake system 20
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is disposed in a space between the main frame 5 and
the cylinder head 13. As shown in Fig. 7 showing the
internal combustion engine 10 in a plan view, cooling fins
30 for air-cooling the internal combustion engine 10 are
formed on the upper surface of cylinder block 12. The
cooling fins 30 form a cooling fin structure 31 character-
izing the present invention.
[0022] Fig. 7 shows the intake pipe 25 of the air intake
system 20. A fuel tube 26 for carrying fuel to the injector
24 is connected to a joint cap 27. In Fig. 7, indicated at
28 is a connector for the electrical equipment of the in-
jector 24 and at 29 is a throttle body. The letter F indicates
imaginary air flow in the body frame. As shown, the body
cover 9 is open toward the front to facilitate taking in
cooling air.
[0023] The cooling fin structure 31 will be described
with reference to Figs. 3 to 5. Fig. 3 is a side elevation
of the cylinder block 12 taken from the left side of the
vehicle. The cooling fin structure 31 including the cooling
fins 30 is formed on the upper surface of the cylinder
block 12. In this embodiment, the left side surface of the
cylinder block 12 is not provided with any cooling fins.
Indicated at 33 is a cylinder sleeve defining a cylinder
bore. The cylinder sleeve 33 extends toward the rear. As
obvious from Fig. 4 showing the cooling fin structure 31
in a plan view, the cooling fins 30 of the cooling fin struc-
ture 31 are extended parallel to the running direction of
the vehicle. In this embodiment, the right side surface of
the cylinder block 12 is provided with cooling fins 32 as
shown in Fig. 4. The cooling fins 32 will be described later.
[0024] As obvious from Fig. 4, the number of the cool-
ing fins 30 of the cooling fin structure 31 in this embodi-
ment is, for example, six. The parallel cooling fins 30
extend in the running direction of the vehicle. Reinforcing
ridges or bulges 34 are formed integrally with the cooling
fins 30 on the surfaces of the cooling fins 30. Each rein-
forcing bulge 34 extends vertically along the height of the
cooling fin 30. The surfaces of the reinforcing bulges 34
have the shape of a circular arc in cross section in a
horizontal plane. Desirably, the reinforcing bulges 34
have a curved section gently rising from the flat surface
of the cooling fins 30. It is recommended to avoid using
reinforcing bulges having a cross section with corners -
The respective reinforcing bulges 34 of adjacent cooling
fins 30 are not opposite to each other with respect to a
direction perpendicular to the cooling fins 30, namely, a
direction along the width of the vehicle.
[0025] The height of the reinforcing bulges 34 is far
less than the distance between adjacent cooling fins 30.
Therefore, even if the respective reinforcing bulges 34
of the adjacent cooling fins 30 are opposite to each other
with respect to a direction perpendicular to the cooling
fins 30, there is a gap between the opposite reinforcing
bulges 34; that is, the reinforcing bulges 34 are formed
such that the reinforcing bulges 34 of adjacent cooling
fins 30 are separate from each other in a state where the
respective reinforcing bulges 34 of adjacent cooling fins
30 are not opposite to each other with respect to a direc-

tion perpendicular to the cooling fins 30. The reinforcing
bulges 34 of one of adjacent cooling fins 30 are not con-
nected to parts of the surface not provided with the rein-
forcing bulges 34 of the other cooling fin 30.
[0026] As obvious from Fig. 5 showing an enlarged
sectional view taken on the line V-V in Fig. 4, the length
of the reinforcing bulges 34 is slightly smaller than the
height of the cooling fins 30 on which the reinforcing bulg-
es 34 are formed. Each reinforcing bulges 34 rises grad-
ually in a gentle curve from a part of the cooling fin 30
slightly below the top edge of the cooling fin 30, extends
downward linearly to a bottom wall 35 extending between
adjacent cooling fins 30. It is important to determine di-
mensions such that the respective reinforcing bulges 34
of adjacent cooling fins 30 do not overlap each other as
viewed in a direction parallel to the length of the cooling
fins 30, namely, in a direction into the paper. When the
reinforcing bulges 34 are thus formed, the straight bottom
wall 35 continuously extending in a direction parallel to
the length of the cooling fins 30 is formed between adja-
cent cooling fins 30. The right end cooling fin 30 shown
in the right half of Fig. 5 is not provided with the reinforcing
bulges 34. Therefore, the right bottom wall 35 looks wider
than the left bottom wall 35. Actually, the two reinforcing
bulges 34 opposite to each other in Fig. 5 are not formed
at the same position with respect to the length of the
cooling fins 30. Therefore, the width of the left bottom
wall 35 at each reinforcing bulge 34 is actually equal to
that of the right bottom wall 35. The zigzag bottom walls
35 having parts of a minimum width corresponding to that
width extend in the running direction of the vehicle.
[0027] Fig. 6 is an end view of the cylinder block 12
taken from the front side of the vehicle. The upper surface
of the cylinder block 12 is provided with the cooling fin
structure 31 including the cooling fins 30 and the rein-
forcing bulges 34 as shown in Fig. 6. A space 39 in which
a timing chain, not shown, is extended is shown on the
right side in Fig. 6, namely, the left side with respect to
the running direction of the vehicle. As is generally
known, the timing chain is extended between a drive
sprocket, not shown, mounted on the crankshaft held in
the crankcase 11 and a driven sprocket, not shown,
mounted on a camshaft disposed in a valve train chamber
to transmit the rotation of the crankshaft to the camshaft.
The cooling fins 32 are shown in a left part in Fig. 6. These
cooling fins 32 include parallel vertical cooling fins 32a
perpendicular to the axis of the cylinder and reinforcing
ribs 32b parallel to the axis of the cylinder and connecting
adjacent ones of the cooling fins 32a. The reinforcing ribs
32b have a height lower than that of the cooling fins 32a.
[0028] As shown also in Fig. 6, the lower surface of
the cylinder block 12 is provided with cooling fins 40a
similar in construction to the cooling fins 32, and reinforc-
ing ribs 40b perpendicular to the axis of the cylinder and
connecting adjacent ones of the cooling fins 40a. The
reinforcing ribs 40b have a height lower than that of the
cooling fins 40a. Each reinforcing ribs 40b has an outward
concave edge. The cooling fins 32 and 40 have cooling
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fin construction based on basically the same principle as
that mentioned in Patent Document 1.
[0029] The cooling fin structure in the preferred em-
bodiment of the present invention for an on-vehicle inter-
nal combustion engine is formed in the foregoing con-
struction. When the vehicle runs, incoming air flows past
the head cover 14, the cylinder head 13, the cylinder
block 12 and the crankcase 11 to cool the internal com-
bustion engine 10. The reinforcing bulges 34 are formed
on the surfaces of the cooling fins 30 integrally therewith
such that the respective reinforcing bulges 34 of the cool-
ing fins 30 are not connected to the adjacent cooling fins
30 and to the reinforcing bulges 34 on the adjacent cool-
ing fins 30. Therefore, the rigidity of the cooling fins 30
is enhanced by the reinforcing bulges 34 and the rein-
forcing bulges 34 increase the surface area of the cooling
fin structure 31 to improve the cooling ability. Since the
adjacent cooling fins 30, differing from the conventional
cooling fins, are not connected by the reinforcing bulges
34, the cooling fins 30 and the reinforcing bulges 34 do
not form divided recesses, and the continuous bottom
walls 35 extending through the length of the cooling fins
30 are formed between adjacent ones of the cooling fins
30. Thus, grit and dust particles and mud that have en-
tered the spaces between adjacent ones of the cooling
fins 30 can hardly accumulate in those spaces and can
be easily washed away with water even if grit and dust
particles and mud accumulate in those space. The rein-
forcing bulges 34 having a gently curved section exert
low resistance against the air flow.
[0030] The respective reinforcing bulges 34 of the ad-
jacent cooling fins 30 are arranged alternately and hence
reduction of the sectional area of the air passages formed
between the adjacent ones of the cooling fins 30 by the
reinforcing bulges 34 can be limited to the least extent,
and comparatively large grit particles and lumps of mud
that have entered the spaces between the adjacent ones
of the cooling fins 30 are rarely caught by the reinforcing
bulges 34, can easily roll in the spaces and can easily
go out of the spaces. Therefore, air passages each be-
tween the adjacent cooling fins can be easily cleaned.
Air can easily flow through the air passages because the
air passages are not narrowed.
[0031] Since the respective reinforcing bulges 34 of
the adjacent cooling fins 30 do not overlap each other as
viewed in a direction parallel to the length of the cooling
fins 30, cooling air can flow smoothly throughout the
spaces between the adjacent ones of the cooling fins 30,
and grit particles and lumps of mud are rarely stuck in
the spaces so that the spaces can be easily cleaned.
[0032] In the illustrated embodiment, the internal com-
bustion engine 10 is suspended from the main frame 5
extending obliquely downward to the rear from the head
pipe 4 of the motorcycle and the air intake system 20 is
disposed in the space between the main frame 5 and the
cylinder head 13. Therefore, rainwater adhering to the
main frame 5 and the air intake system 20 while the ve-
hicle is running drips easily onto the cooling fin structure

31 on the upper part of the internal combustion engine
10. Rainwater and such which have dripped onto the
cooling fin structure 31 can easily flow in the running di-
rection of the vehicle and separate from the cooling fin
structure 31 because the cooling fins 30 and the reinforc-
ing bulges 34 do not form divided recesses but form the
continuous bottom walls 35 extending in the running di-
rection
[0033] In the illustrated embodiment shown, for exam-
ple the left end cooling fin 30, namely, the outermost cool-
ing fin 30 with respect to the width of the vehicle, is pro-
vided with the reinforcing bulges 34 on its opposite sur-
faces as shown in Fig. 4. The outermost cooling fin 30
may be not provided with any reinforcing bulges 34 at all
or may be not provided with any reinforcing bulges 34
only on its outer surface with respect to the width of the
vehicle; that is, at least the outer surface, with respect to
the width of the vehicle, of the outermost cooling fin 30
may be not provided with the reinforcing bulges 34, which
improves the appearance of the engine including the
cooling fin structure 31.
[0034] In the illustrated preferred embodiment of the
invention, the cooling fin structure is formed only on the
upper surface of the cylinder block. The cooling fin struc-
ture may be formed also on the upper surface of the cyl-
inder head and when necessary, the cooling fin structure
can be formed on surfaces other than the upper surfaces
of the cylinder block and the cylinder head.

Claims

1. A cooling fin structure for an on-vehicle internal com-
bustion engine, comprising cooling fins formed in
parallel arrangement on at least an upper surface of
the on-vehicle internal combustion engine;
wherein the cooling fins are each provided with re-
inforcing bulges on surfaces thereof; and the rein-
forcing bulges on each cooling fin are separated from
adjacent cooling fins and from the reinforcing bulges
on the adjacent cooling fins.

2. The cooling fin structure for an on-vehicle internal
combustion engine according to claimed 1, wherein
the respective reinforcing bulges of adjacent ones
of the parallel cooling fins are arranged alternately.

3. The cooling fin structure for an on-vehicle internal
combustion engine according to claim 2, wherein the
reinforcing bulges are formed such that the respec-
tive reinforcing bulges of the adjacent cooling fins do
not overlap each other with each other when viewed
in a direction along the length of the cooling fins.

4. The cooling fin structure for an on-vehicle internal
combustion engine according to any one of claims
1 to 3, wherein the on-vehicle internal combustion
engine has a forward-tilted or substantially horizontal
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cylinder, is suspended from a main frame extending
obliquely downward to a rear from a head pipe in-
cluded in a motorcycle and is provided with an air
intake system for taking air into the engine, including
parts disposed between the upper surface of a cyl-
inder head and the main frame, and the cooling fins
extends in a direction in which the motorcycle ad-
vances.

5. The cooling fin structure for an on-vehicle internal
combustion engine according to any one of claims
1 to 4, wherein an outermost one of the cooling fins
is not provided with the reinforcing bulges on at least
an outer surface thereof.

Amended claims under Art. 19.1 PCT

1. (Amended) A cooling fin structure in a motorcycle
provided with a head pipe, a main frame extending
obliquely downward from the head pipe, and an in-
ternal combustion engine suspended from the main
frame and having a cylinder head and a cylinder
block which includes a forward tilted or substantially
horizontal cylinder, wherein an air intake system for
taking air into the engine is provided between an
upper surface of the cylinder head and the main
frame, characterized in that:

the cooling fin structure includes a plurality of
cooling fins upstanding on an upper surface of
the cylinder block and extending in parallel in a
direction in which the motorcycle advances; and
the cooling fins on the cylinder block are each
provided on surfaces thereof with reinforcing
bulges extending in an upstanding direction of
the cooling fins; and the reinforcing bulges on
each cooling fin are spaced from adjacent cool-
ing fins and from the reinforcing bulges on ad-
jacent cooling fins.

2. The cooling fin structure according to claimed 1,
wherein the respective reinforcing bulges of adjacent
ones of the parallel cooling fins are arranged alter-
nately.

3. The cooling fin structure according to claim 2,
wherein the reinforcing bulges are formed such that
the respective reinforcing bulges of the adjacent
cooling fins do not overlap each other with each other
when viewed in a direction along the length of the
cooling fins.

4. (Cancelled)

5. The cooling fin structure according to any one of
claims 1 to 3, wherein an outermost one of the cool-
ing fins is not provided with the reinforcing bulges on

at least an outer surface thereof.

6. (Added) The cooling fin structure according to any
one of claims 1 to 3 , wherein the reinforcing bulges
on adjacent ones of the cooling fins are spaced apart
in a direction transverse to the cooling fins by a dis-
tance which is greater than a thickness of tip portions
of the cooling fins.

7. (Added) The cooling fin structure according to any
one of claims 1 to 3, wherein the plurality of cooling
fins have a same length in the direct ion in which the
cylinderr extends.

8. (Added) The cooling fin structure according to any
one of claims 1 to 3, wherein the cooling fin structure
is enclosed in a body cover which opens forwardly
of the motorcycle.
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