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(54) V-type internal combustion engine for motorcycle

(57) Object: To provide a V-type internal combustion
engine, which is capable of mounting lifters for chain
tensioners on a rear wall of a rear bank without any
interference with a mission case portion, while eliminat-
ing the necessity of setting a rearward tilt angle at a par-
ticularly small value.

Solving Means: A primary transmission unit 54 and
a rear timing transmission unit 462 are connected to
both ends of a crank shaft 15; and a side wall 95a, on

the rear timing transmission unit 462 side, of a mission
case portion 95 is offset on the primary transmission
unit 54 side from the rear timing transmission unit 462.
With this configuration, it is possible to easily mount the
lifters 492 for chain tensioners on a rear wall of the rear
bank 42 without interference with the mission case por-
tion 95.
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Description

Detailed Description of the Invention

Technical Field to which the Invention Pertains

[0001] The present invention relates to a V-type inter-
nal combustion engine for a motorcycle, and particularly
to an improved V-type internal combustion engine for a
motorcycle, in which front and rear banks are disposed
fore and aft in such a manner as to cross each other
centered at a crank shaft disposed laterally in a state
that the crank shaft is mounted on a body frame; a mis-
sion case portion for containing a transmission is inte-
grally provided on a rear portion of a crank case for
containing the crank shaft; a primary transmission unit
for transmitting a power to the transmission is con-
nected to the crank shaft and also front and rear timing
transmission units for driving valve system cam shafts
of the front and rear banks respectively are connected
to the crank shaft; and lifters for pressing chain tension-
ers of the front and rear timing transmission unit are
mounted on rear walls of the front and rear banks
respectively.

Prior Art

[0002] The V-type internal combustion engine for a
motorcycle of this type which is well known has been
disclosed, for example, in Japanese Patent Laid-open
No. Sho 64-83912.

Problem to be Solved by the Invention

[0003] In the prior art V-type internal combustion
engine for a motorcycle, a rearward tilt angle of a rear
bank is set at a small value for avoiding interference
between lifters for chain tensioners mounted on a rear
wall of the rear bank and a mission case portion contin-
uously connected to the rear portion of a crank case.
[0004] As a result of setting the rearward tilt angle of
the rear bank at a small value, however, an angle
formed between the front and rear banks must be set at
not less than 90° or a forward tilt angle of the front bank
must be set at a large value depending on the
decreased rearward tile angle of the rear bank. Either of
these angular arrangements is undesirable in terms of
appearance characteristic of the engine.
[0005] In view of the foregoing, the present invention
has been made, and an object of the present invention
is to provide a V-type internal combustion engine, which
is capable of mounting lifters for chain tensioners on a
rear wall of a rear bank without any interference with a
mission case portion, while eliminating the necessity of
setting a rearward tilt angle at a particularly small value.

Means for Solving the Problem

[0006] To achieve the above object, according to a first
feature of the present invention, there is provided a V-
type internal combustion engine for a motorcycle, in
which front and rear banks are disposed fore and aft in
such a manner as to cross each other centered at a
crank shaft disposed laterally in a state that the crank
shaft is mounted on a body frame; a mission case por-
tion for containing a transmission is integrally provided
on a rear portion of a crank case for containing the
crank shaft; a primary transmission unit for transmitting
a power to the transmission is connected to the crank
shaft and also front and rear timing transmission units
for driving valve system cam shafts of the front and rear
banks respectively are connected to the crank shaft;
and lifters for pressing chain tensioners of the front and
rear timing transmission unit are mounted on rear walls
of the front and rear banks respectively, characterized in
that the primary transmission unit and the rear timing
transmission unit are connected to both ends of the
crank shaft; and a side wall, on the rear timing transmis-
sion unit side, of the mission case portion is offset on
the primary transmission unit side from the rear timing
transmission unit.
[0007] According to the first feature described above,
since there is a slight offset between the main body of
the crank case and the mission case portion, it is possi-
ble to mount the lifters for chain tensioners on the rear
wall of the rear bank without interference with the mis-
sion case portion, while eliminating the necessity of set-
ting a rearward tilt angle of the rear bank at a
particularly small value.
[0008] According to a second feature of the present
invention, in addition to the first feature, the front and
rear timing transmission units are connected to one end
portion of the crank shaft in such a manner as to be
adjacent to each other, and the rear timing transmission
unit is disposed axially outwardly from the front timing
transmission unit.
[0009] According to the second feature described
above, it is possible to minimize the offset amount
between the main body of the crank case and the mis-
sion case portion, and hence to make the internal com-
bustion engine E compact. Further, since both the
timing transmission units are collectively disposed, it is
possible to improve the assembling and maintenance
performances thereof.

Effect of the Invention

[0010] As described above, according to the first fea-
ture, the primary transmission unit and the rear timing
transmission unit are connected to both ends of the
crank shaft; and a side wall, on the rear timing transmis-
sion unit side, of the mission case portion is offset on
the primary transmission unit side from the rear timing
transmission unit. Accordingly, since there is a slight off-
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set between the main body of the crank case and the
mission case portion, it is possible to mount the lifters
for chain tensioners on the rear wall of the rear bank
without interference with the mission case portion, while
eliminating the necessity of setting a rearward tilt angle
of the rear bank at a particularly small value, and hence
to improve the appearance characteristic of the V-type
internal combustion engine.

[0011] According to the second feature of the present
invention, the front and rear timing transmission units
are connected to one end portion of the crank shaft in
such a manner as to be adjacent to each other, and the
rear timing transmission unit is disposed axially out-
wardly from the front timing transmission unit. Accord-
ingly, it is possible to minimize the offset amount
between the main body of the crank case and the mis-
sion case portion, and hence to make the internal com-
bustion engine E compact. Further, since both the
timing transmission units are collectively disposed on
the one end portion of the crank shaft, it is possible to
improve the assembling and maintenance perform-
ances thereof.

Mode for Carrying out the Invention

[0012] Hereinafter, an embodiment of the present
invention will be described with reference to the accom-
panying drawings.

Brief Description of the Drawings

[0013] It is illustrated in:

Fig. 1
A side view of a motorcycle on which a V-type

internal combustion engine of the present invention
is mounted.
Fig. 2

A side view of the internal combustion engine
shown in Fig. 1.
Fig. 3

An enlarged vertical sectional view taken on
line 3-3 of Fig. 2.
Fig. 4

A sectional view taken on line 4-4 of Fig. 3.
Fig. 5

A sectional view taken on line 5-5 of Fig. 2.
Fig. 6

A system diagram showing the flow of cooling
water in the internal combustion engine.
Fig. 7

A sectional view taken on line 7-7 of Fig. 2.
Fig. 8

An enlarged view showing front and rear timing
transmission units shown in Fig. 3 and their neigh-
borhoods.
Fig. 9

An enlarged view of a transmission shown in

Fig. 3 and its neighborhood.

Fig. 10
A plan view showing an exhaust system of the

internal combustion engine and its neighborhood.
Fig. 11

A plan view of a cylinder head of a rear bank of
the internal combustion engine.
Fig. 12

A view seen along an arrow 12 of Fig. 9.

[0014] In the following description, the front, rear,
right, and left sides are based on a body of the motorcy-
cle.

Entire Configuration of Motorcycle (see Figs. 1 and 2)

[0015] A front fork (not shown in Figs. 1 and 2) for sup-
porting a front wheel is steerably connected to the front
end of a body frame 1 of a motorcycle M. A rear fork 3
for supporting a rear wheel 2 is vertically swingably con-
nected to a rear portion of the body frame 1, and a rear
cushion 7 is interposed between the rear ends of the
rear fork 3 and the body frame 1.
[0016] A V-type internal combustion engine E having
a front bank 41 and a rear band 42 is mounted on an
intermediate portion of the body frame 1, and a fuel tank
5 is mounted on the intermediate portion of the body
frame 1 at a position over the engine E. A main seat 6a
and a pillion seat 6b are mounted on the rear portion of
the body frame 1 in such a manner as to be continuous
to the rear end of the fuel tank 5.
[0017] A chain transmission unit 10 for connecting an
output shaft 97 of a transmission 8 connected to the
internal combustion engine E and a hub of the rear
wheel 2 is disposed on the left side of the rear wheel 2.
A starting motor 11 is disposed in front of and under the
crank shaft 15.
[0018] A front carburetor 121 connected to the front
bank 41 and a rear carburetor 122 connected to the rear
bank 42 are disposed in a valley portion 28 between the
front bank 41 and the rear band 42 of the internal com-
bustion engine E. A front exhaust pipe 131 connected to
a front surface portion of the front bank 41 and a rear
exhaust pipe 132 connected to a rear portion of the rear
bank 42 are collectively connected to the front end of a
common exhaust muffler 14. The exhaust muffler 14 is
disposed opposite to the chain transmission unit 10 with
respect to the rear wheel 2, that is, on the right side of
the rear wheel 2.

Entire Configuration of Internal Combustion Engine
(see Figs. 2, 3, 5 and 8)

[0019] The front bank 41 and the rear bank 42 of the
internal combustion engine E are disposed fore and aft
in such a manner as to cross each other at 90° centered
at a crank shaft 15 extending from right to left. The
crank shaft 15 has a single crank portion 16 having a

3 4

5

10

15

20

25

30

35

40

45

50

55



EP 0 987 415 A2

4

crank pin 16a, and a pair of right and left journals 18 and
17 adjacent to both the ends of the crank shaft 15. The
journals 18 and 17 are supported by a crank case 21 via
ball bearings 20 and 19, respectively.

[0020] The front bank 41 and the rear bank 42 include
cylinder blocks 221 and 222 connected to the front and
rear sloping surfaces of a cone-shaped upper portion of
the crank case 21 supporting the crank shaft 15, and
cylinder heads 231 and 232 connected to upper ends of
the cylinder blocks 221 and 222, respectively. Water
jackets 241 and 242, which are continuous to each
other, are formed in the cylinder blocks 221 and 222 and
cylinder heads 231 and 232, respectively.
[0021] Pistons 261 and 262 inserted in cylinder bores
251 and 252 of the cylinder blocks 221 and 222 are con-
nected to the crank pin 16a via connecting rods 271 and
272, respectively. In this case, the connecting rod 272 of
the rear bank 42 is connected to the crank pin 16a in
such a manner as to be offset leftwardly from the con-
necting rod 271 of the front bank 41. The axial line of the
rear bank 42 is offset leftwardly from that of the front
bank 41 in accordance with a lateral offset S, as shown
in Fig. 8, between the connecting rods 271 and 272.
[0022] As shown in Fig. 5, an over-running clutch 53
of a starting transmission unit 94, and a drive gear 54a
of a first transmission unit 54 connected to a clutch 100
are mounted to a right end portion, projecting outwardly
from the right journal 18, of the crank shaft 15 in such a
manner as to be adjacently positioned in this order from
the inside of the right end portion of the crank shaft 15.
Specifically, an outer member of the over-running clutch
53 is spline-connected to the crank shaft 15, and a start-
ing gear 52 is fixed to an inner member of the over-run-
ning clutch 53. The drive gear 54a is key-connected to
the crank shaft 15.
[0023] As shown in Fig. 8, a drive timing sprocket 421
of a front timing transmission unit 461 for driving a valve
system cam shaft 411 of the front bank 41, a drive timing
sprocket 422 of a rear timing transmission unit 462 for
driving a valve system cam shaft 412 of the rear bank
42, and a rotor 31 of a generator 30 are mounted on a
left end portion, projecting outwardly from the left jour-
nal 17, of the crank shaft 15 in such a manner as to be
adjacently positioned in this order from the inside of the
left end portion of the crank shaft 15. Specifically, the
rotor 31 is key-connected to the crank shaft 15. The
mounting structure of the two drive timing sprockets 421
and 422 will be described later.
[0024] A stator 32 of the generator 30, which is sur-
rounded by the rotor 31, is fixed to a left cover 33 con-
nected to the left end surface of the crank case 21.
[0025] A projection 35 is formed at a portion on the
outer peripheral surface of the rotor 31. A crank position
sensor 36 for detecting a rotational position of the crank
shaft 15 in cooperation with the projection 35 is fixed to
the left end surface of the crank case 21. An output sig-
nal sent from the crank position sensor 36 is used as a
control signal for an ignitor or an input signal for a

tachometer.

[0026] At the right end portion, opposed to the gener-
ator 30, of the crank shaft 15, the starting gear 52 is
supported thereon via the over-running clutch 53 in
such a manner as to be adjacent to the right journal 18,
and the first drive gear 54a is key-connected thereto in
such a manner as to be adjacent to the starting gear 52.
[0027] With this configuration, the front and rear timing
transmission units 461 and 462 can be collectively
assembled on the same side, that is, on the left end por-
tion side of the crank shaft 15, to thereby improve the
assembling performance thereof, and also the mainte-
nance of both the timing transmission units 461 and 462
can be easily performed without any interference with
other parts only by removing the generator 30 posi-
tioned outside both the timing transmission units 461
and 462 from the crank shaft 15. Further, since the gen-
erator 30 is disposed adjacent to both the timing trans-
mission units 461 and 462, oil scattered from both the
timing transmission units 461 and 462 are splashed to
the generator 30 during operation of the engine, it is
possible to effectively cool the generator 30.
[0028] Further, according to the above configuration,
the front and rear timing transmission units 461 and 462
and the generator 30 are disposed on the left side por-
tion of the crank case 21 while a starting transmission
unit 94, the first transmission unit 54, and the clutch 100
are disposed on the other side of the crank case 21, so
that good balance in weight is maintained between both
sides of the crank case 21 and accordingly, when the
internal combustion engine is mounted on the body
frame 1, it is possible to easily offer good balance in
weight between the right and left sides of the motorcycle
M.

Valve System (see Figs. 2, 3, 4, 8, and 9)

[0029] Intake valves 371 and 372 and exhaust valves
381 and 382 are respectively provided in the cylinder
heads 231 and 232 of the front and rear banks 41 and 42
in such a manner that the intake valves 371 and 372 are
offset to the valley 28 side between the front and rear
banks 41 and 42. Both ends of cam shafts 411 and 412
extending in parallel to the crank shaft 15 are supported
by the cylinder heads 231 and 232 via ball bearings 50
and 50', respectively. The cam shaft 411 is adapted to
open/close the intake valve 371 and the exhaust valve
381 via rocker arms 391 and 401, respectively, and the
cam shaft 412 is adapted to open/close the intake valve
372 and the exhaust valve 382 via rocker arms 392 and
402, respectively. Timing chains 441 and 442 are wound
around the drive timing sprockets 421 and 422 fixed to
the left end portion of the crank shaft 15 and driven tim-
ing sprockets 431 and 432 fixed to the left ends of the
cam shafts 411 and 412 of the front and rear banks 41
and 42, respectively. Both the drive timing sprockets 421
and 422 has a common boss 45 press-fitted around a
portion, adjacent to the outer end of the left journal 17,
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of the crank shaft 15.

[0030] The drive timing sprockets 421, the timing chain
441 and the driven timing sprocket 431 of the front bank
41 constitute the front timing transmission unit 461 for
reducing the rotational speed of the crank shaft 15 to
half and transmitting the reduced rotational speed to the
corresponding cam shaft 411. The front timing transmis-
sion unit 461 is disposed in a front timing transmission
chamber 471 formed in a side wall, on the generator 30
side, of the front bank 41. The drive timing sprockets
422, the timing chain 442 and the driven timing sprocket
432 of the rear bank 42 constitute the rear timing trans-
mission unit 462 for reducing the rotational speed of the
crank shaft 15 to half and transmitting the reduced rota-
tional speed to the corresponding cam shaft 412. The
rear timing transmission unit 462 is disposed in a rear
timing transmission chamber 472 formed in a side wall,
on the generator 30 side, of the rear bank 42.
[0031] The rear timing transmission unit 462 is dis-
posed outside the front timing transmission unit 461 in
the axial direction, that is, it is located closer to the gen-
erator 30 than the front timing transmission unit 461 is.
[0032] The crank shaft 15 is rotated counterclockwise
as shown by an arrow R in Fig. 4, and accordingly, the
rear sides of the timing chains 441 and 442 are loos-
ened. To give specific tensions to the loosened rear
sides of the timing chains 441 and 442, arched chain
tensioners 481 and 482 swingably supported by the
crank case 21 are brought into slide-contact with the
loosened rear sides of the timing chains 441 and 442.
Further, known tensioner lifters 491 and 492 for pressing
central portions of the chain tensioners 481 and 482 in
the longitudinal direction toward the timing chains 441
and 442 at specific loads are mounted on mounting
planes formed on rear surfaces of the cylinder blocks
221 and 222 of the front and rear banks 41 and 42 with
bolts 109, respectively.
[0033] The crank case 21 is divided at the central por-
tion in the lateral direction into a right case half 21b and
a left case half 21a. Outer races of the ball bearings 20
and 19 are previously lightly press-fitted in the right and
left case halves 21b and 21a, respectively, and upon
assembly of both the case halves 21b and 21a, the right
and left journals 18 and 17 of the crank shaft 15 are
lightly press-fitted in inner races of the ball bearings 20
and 19, respectively. Here, in order to allow the drive
timing sprockets 421 and 422 whose common boss 45 is
press-fitted around the crank shaft 15 at the position
adjacent to the outer side of the left journal 17 to pass
through the inner race of the left ball bearing 19, an out-
side diameter d1 of each of the drive timing sprockets
421 and 422 is set to be slightly smaller than an inside
diameter d2 of the inner race of the ball bearing 19. As
a result, it is possible to easily press-fit the common
boss 45 of both the drive timing sprockets 421 and 422
around the crank shaft 15 as a single part. Further,
since the ball bearings 20 and 19 are lightly press-fitted
in the right and left case halves 21b and 21a and the

right and left crank journals 18 and 17, it is possible to
suppress occurrence of vibration of the ball bearings 20
and 19 and hence reduce occurrence of noise during
operation of the engine.

Exhaust System (see Figs. 2, 10 and 11)

[0034] The exit of an exhaust port 511 of the front bank
41 is opened to the front of the cylinder head 231 of the
front bank 41, and the upstream end of the front exhaust
pipe 131 is connected to the exit of the exhaust port 511.
The exit of an exhaust port 512 of the rear bank 42 is
opened to a right side surface, opposed to the rear tim-
ing transmission unit 462, of the rear portion of the cyl-
inder head 232 of the rear bank 42, and the upstream
end of the rear exhaust pipe 132 is connected to the exit
of the exhaust port 512.
[0035] The front and rear exhaust pipe 131 a d 132
arranged on the upper and lower sides extend on the
right side, opposed to the front and rear chain transmis-
sion units 461 and 462, of the internal combustion
engine E, and the downstream ends of the front and
rear exhaust pipe 131 and 132 are collected and con-
nected to the exhaust muffler 14 disposed on the right
side of the rear wheel 2.
[0036] With this configuration, since the front and rear
timing transmission units 461 and 462 are collectively
disposed on one side, to which the rear bank 42 is offset
from the front bank 41, of the internal combustion
engine E, and the front and rear exhaust pipes 131 and
132 arranged on the upper and lower sides are collec-
tively located on the other side of the internal combus-
tion engine E, it is possible to make the entire width of
the internal combustion engine E including both the
exhaust pipes 131 and 132 as narrow as possible while
easily preventing interference between both the timing
transmission units 461 and 462 and both the exhaust
pipes 131 and 132.
[0037] Further, according to the above configuration,
since the rear exhaust pipe 132 disposed on the right
side of the motorcycle M is connected to the exhaust
port 512 opened to the right side surface of the rear por-
tion of the cylinder head 232 of the rear bank 42, the
degree of bending of the rear exhaust pipe 132 is
reduced, so that it may make small the flow resistance
of the pipe and hence to improve the output perform-
ance.

Transmission System (see Figs. 2, 3 and 9)

[0038] A mission case portion 95 protruded from a
lower portion of the rear bank 42 is formed integrally
with the crank case 21. An input shaft 96 and an output
shaft 97 of the transmission 8, which are provided
directly behind the crank shaft 15 in such a manner as
to be located on the front and rear sides in parallel to the
crank shaft 15, are contained in the mission case por-
tion 95. Both ends of the input shaft 96 are supported by
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right and left walls of the mission case portion 95 via a
pair of ball bearings 98' and 98, and both ends of the
output shaft 97 are supported by the right and left walls
of the mission case portion 95 via a pair of ball bearings
99' and 99. An inner member 101 of the clutch 100 cov-
ered with the right cover 34 connected to the right side
surface of the crank case 21 is spline-connected to the
right end portion of the input portion 96. A first driven
gear 54b, which is meshed with the first drive gear 54a
to constitute the first transmission unit 54, is mounted to
the inner end of the outer member 102. A plurality (five
in the example shown in the figures) of speed change
gear trains G1 to G5 are selectively arranged between
the input shaft 96 and the output shaft 97.

[0039] As shown in Fig. 9, a left wall 95a, which sup-
ports the left end portions of the input shaft 96 and the
output shaft 97, of the mission case portion 95 is offset
rightwardly from the timing transmission unit 462 of the
rear bank 42. Accordingly, when the tensioner lifter 492
of the timing transmission unit 462 of the rear bank 42 is
mounted on the rear surface of the cylinder block 222 of
the rear bank 42, it is possible to prevent the tensioner
lifter 492 from interfering with the mission case portion
95.
[0040] In particular, since the timing transmission unit
462 of the rear bank 42 is disposed outwardly, that is,
leftwardly from the timing transmission unit 461 of the
front bank 41, it is possible to minimize the rightward off-
set of the mission case portion 95 from the crank case
21, and hence to realize the compactness of the internal
combustion engine E.

Vehicular Speed Sensor (see Figs. 2, 9 and 12)

[0041] The rear wall of the mission case portion 95
has a mounting hole 103, and a vehicular speed sensor
105 having a detecting portion 105a inserted in the mis-
sion case portion 95 through the mounting hole 103 is
fixed on the rear wall of the mission case portion 95 with
a bolt 110. The vehicular speed sensor 105 is disposed
with the detecting portion 105a facing to the tips of a top
driven gear, that is, a driven gear 104 of the top gear
train G5.
[0042] The top driven gear 104, which is spline-con-
nected to the output shaft 97, serves as a shift gear for
working the second-speed gear train G2 by leftward
shift thereof. In this embodiment, even when the top
driven gear 104 is shifted leftwardly, the outer periphery
of the top driven gear 104 is not deviated from the
detecting region of the vehicular speed sensor 105. The
vehicular speed sensor 105 creates a signal corre-
sponding to the number of teeth of the top driven gear
104 just crossing the detecting portion of the vehicular
speed sensor 105 and outputs the signal to a computer
(not shown). The computer calculates a vehicular speed
on the basis of the signal thus inputted from the vehicu-
lar speed sensor 105 and displays the vehicular speed
on a speed meter (not shown) on an instrument panel

(not shown) of the motorcycle M.

[0043] In this way, the vehicular speed sensor 105 for
detecting the rotational speed of the top driven gear 104
usually rotated together with the output shaft 97 can be
mounted on the rear wall of the mission case portion 95
without any interference with not only the rear bank 42
tilted rearwardly toward the mission case portion 95
side but also the rear exhaust pipe 132 mounted on the
rear portion of the rear bank 42.
[0044] A rib 106 for covering the lower surface of the
vehicular speed sensor 105 is integrally formed on the
rear surface of the mission case portion 95. The central
portion of the rib 106 has a through-hole 107 allowing a
lead wire 108 of the vehicular speed sensor 105 to pass
therethrough.
[0045] As shown in Fig. 2, a pair of right and left hang-
ers 1121 and a pair of right and left hangers 1122 are
integrally formed on the upper and lower sides of the
rear surface of the mission case portion 95 in such a
manner as to project therefrom, and a pair of right and
left hangers 1123 are integrally formed on the front sur-
face of the crank case 21 in such a manner as to project
therefrom. When the internal combustion engine E is
mounted on the body frame 1, these hangers 1121,
1122, and 1123 are connected to the body frame 1.
Then, the vehicular speed sensor 105 is disposed in a
rear dead space of the interior of the mission case por-
tion 95 surrounded by the rear side two pairs of the
hangers 1121 and 1122. With this configuration, it is
possible to enhance the space efficiency.
[0046] The above rib 106 functions to protect the
vehicular speed sensor 105 from being affected by
small stones and sands flying from a road during run-
ning of the motorcycle M. The through-hole 107 for
allowing the lead wire 108 to pass therethrough func-
tions as a port for discharging rainwater and cleaning
water permeated in the rib 106.

Lubricating and Cooling System (see Figs. 2, 3, 5 and
6).

[0047] As shown in Figs. 2, 3 and 5, the first drive gear
54a key-connected to the right end portion of the crank
shaft 15 is meshed at its two different portions in the
peripheral direction with a pump drive gear 56 and the
first driven gear 54b.
[0048] The pump drive gear 56 is key-connected to a
pump shaft 61 which is supported via a bearing 86 by
the right cover 34 connected to the right end surface of
the crank case 21. The pump shaft 61, which is in paral-
lel to the crank shaft 15, is disposed in front of and over
the crank shaft 15.
[0049] An inner rotor 58 of a trochoid type oil pump 57
for lubrication is fixed on the inner end of the pump shaft
61, and an impeller 63 of a water pump 62 for cooling is
fixed on the outer end of the pump shaft 61. A pump
housing 60 for containing an outer rotor 59 of the oil
pump 57 is screwed in a partition wall 65 for supporting
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the ball bearing 20 of the crank case 21. A pump casing
64 for containing the impeller 63 is fixed on the outer
surface of the right cover with a bolt 87. In this way, the
oil pump 57 and the water pump 62 are coaxially dis-
posed in front of and over the crank shaft 15. The oil
pump 57 is provided on the crank case 21 in such a
manner as to be adjacent to the outer side of the over-
running clutch 53 in the radial direction.

[0050] A suction port of the oil pump 57 is connected
via a suction pipe 68 to a strainer 67 (see Fig. 2) dis-
posed in an oil sump 66 on the inner bottom of the crank
case 21, and a discharge port of the oil pump 57 is com-
municated via an oil passage 69 to the crank shaft 15,
the cam shafts 411 and 412 of the front and rear banks
41 and 42, and other portions to be lubricated.
[0051] An oil filter 70 positioned substantially directly
over the crank shaft 15 is interposed in the course of the
oil passage 69. The oil filter 70 is mounted to a filter
chamber 71 formed in the right cover 34, and a cap 72
for closing an opening of the chamber 71 is fixed to the
right cover 34. An inlet chamber 71a on the outer
peripheral side of the oil filter 70 in the filter chamber 71
is communicated to the discharge port of the oil pump
57 via an upstream portion 69a of the oil passage 69
formed in the crank case 21, and an outlet chamber 71b
on the inner peripheral side of the oil filter 70 in the filter
chamber 71 is communicated to two branch oil pas-
sages 69b and 69c, formed in the cap 72, of the oil pas-
sage 69. One branch oil passage 69b is communicated
to a portion 73 to be lubricated of the crank shaft 15 sys-
tem. The other branch oil passage 69c is further
branched at a connection surface between the crank
case 21 and the right cover 34 into front and rear branch
oil passages 69d and 69e which are in turn communi-
cated to portions 741 and 742 to be lubricated of the
valve systems including the cam shafts 411 and 412 of
the front and rear banks 41 and 42.
[0052] When the oil pump 57 is driven by the rotation
of the crank shaft 15 via the pump drive gear 56 and the
pump shaft 61, oil accumulated in the oil sump 66 is
sucked from the strainer 67 and is press-fed to the filter
chamber 71. The oil is filtered in the oil filter 70 and is
then supplied to the portion 73 to be lubricated of the
crank shaft 15 system and the portions 741 and 742 to
be lubricated of the valve systems of the front and rear
banks 41 and 42, to thus lubricate these portions 73, 741
and 742. Further, with the above-described arrange-
ment and configuration of the oil pump 57, the filter
chamber 71, the oil filter 70 and the oil passage 69, it is
possible to make the length of the oil passage 69 as
short as possible, and also to arrange the lubricating
systems for the front and rear banks 41 and 42 substan-
tially symmetrically each other and hence to uniformly
lubricate both the banks 41 and 42.
[0053] The oil filter 70 is provided with a relief valve
70b for short-circuiting the inlet chamber 71a to the out-
let chamber 71b when a filter element 70a of the oil filter
70 becomes blocked.

[0054] In the water pump 62, as shown in Fig. 6, a
suction pipe 75 is connected to an outlet of the radiator
29 (disposed in front of the internal combustion engine
E as shown in Fig. 1) via a water pipe 771, and a dis-
charge pipe 76 is connected to a lower portion of the
water jacket 241 of the front bank 41 via a water pipe
772.

[0055] As described above, the front and rear banks
41 and 42 include the cylinder blocks 221 and 222, the
cylinder heads 231 and 232, and the water jacket 241
and 242 continuous to each other, respectively, and a
combined chamber 80 opened to the front surface of the
cylinder head 232 of the rear bank 42 is formed in the
cylinder head 232 and an upper portion of the water
jacket 242 is communicated to the combined chamber
80.
[0056] Lower joints 781 and 782 communicated to
lower portions of the corresponding water jackets 241
and 242 are integrally formed on the opposed surfaces
of the front and rear banks 41 and 42 in such a manner
as to project therefrom. Both ends of a lower communi-
cation water pipe 773 disposed in the valley portion 28
are connected to these joints 781 and 782.
[0057] An upper joint 791 communicated to an upper
portion of the jacket 231 is integrally formed on the rear
surface of the front bank 41, and a flange of an upper
joint 792 communicated to the combined chamber 80 is
screwed in a lower surface portion of the cylinder head
232 of the rear bank 42. Both ends of a rear communica-
tion water pipe 774 disposed in the valley portion 28 are
connected to these upper joints 791 and 792.
[0058] A thermostat 82 is disposed in the combined
chamber 80, and a thermostat cover 81 for holding the
thermostat 82 and covering the opening of the com-
bined chamber 80 is connected to the front surface of
the cylinder head 232.
[0059] An outlet joint 83 connected to the outlet of the
thermostat 82 is integrally formed on the thermostat
cover 81. The outlet joint 83 is connected to the inlet of
the radiator 29 via a water pipe 775.
[0060] A bypass outlet joint 84 communicated to the
combined chamber 80 via a communication passage
84' is integrally formed on the upper joint 792. The
bypass outlet joint 84 is communicated to a heating
chamber of the carburetor 122 of the rear bank 42, a
heating chamber of the carburetor 121 of the front bank
41, and the suction pipe 75 in sequence by way of a
bypass water pipe 85. The bypass outlet joint 84 has an
inside diameter sufficiently smaller than that of the out-
let joint 83 of the thermostat cover 81.
[0061] When the temperature of water in the com-
bined chamber 80 becomes equal to or less than a spe-
cific temperature, the thermostat 82 blocks the
combined chamber 80 from the thermostat cover 81
and opens the communication passage 84' between the
combined chamber 80 and the bypass outlet joint 84.
On the other hand, when the temperature of water in the
combined chamber 80 becomes more than the specific
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temperature, the thermostat 82 communicates the com-
bined chamber 80 to the thermostat cover 81 and
closes the communication passage 84'.

[0062] As described, when the water pump 62 is
driven by the rotation of the crank shaft 15 via the pump
drive gear 56 and the pump shaft 61, if the temperature
of water in the combined chamber 80 is relatively low,
the thermostat 82 blocks the combined chamber 80
from the thermostat cover 81 and opens the communi-
cation passage 84'. Consequently, cooling water is fed
first from the discharge pipe 76 to the water jacket 241
of the front bank 41 by the water pump 62. Here, about
a half of the cooling water is immediately fed to the
water jacket 242 of the rear bank 42 by way of the lower
communication water pipe 773, and the remaining cool-
ing water passes through the water jacket 241 of the
front bank 41 and is then fed to the combined chamber
80 of the rear bank 42 by way of the upper communica-
tion water pipe 774. In the combined chamber 80, the
cooling water is combined with the above cooling water
having passed through the water jacket 242 of the rear
bank 42. The cooling water thus combined is fed from
the combined chamber 80 to the bypass outlet joint 84
by way of the communication passage 84', being further
fed from the bypass outlet joint 84 to the heating cham-
bers of the carburetors 122 and 121 of the rear and front
banks 42 and 41 in sequence, and is returned to the
suction pipe 75 of the water pump 62. Thereafter, the
same circulation is repeated. Such circulation of cooling
water not by way of the radiator 29 makes it possible to
promote the warming of the internal combustion engine
E, and to heat the carburetors 121 and 122 thereby pre-
venting icing of a fuel nozzle and its neighborhood.
[0063] With advance of the warming of the internal
combustion engine E, the temperature of the cooling
water whose components having passed through the
water jackets 241 and 242 of the front and rear banks 41
and 42 and combined in the combined chamber 80
becomes the above specific temperature. At this time,
since the thermostat 82 communicates the combined
chamber 80 to the thermostat cover 81 and closes the
communication passage 84', the above cooling water
flows on the outlet joint 83 side, and is returned to the
suction pipe 75 of the water pump 62 by way of the radi-
ator 29. Thereafter, the same circulation is repeated.
Accordingly, the front and rear banks 41 and 42 can be
effectively cooled with the cooling water cooled by the
radiation action of the radiator 29.
[0064] Since the lower and upper communication
water pipes 773 and 774 are sufficient to be relatively
short in length and are disposed in the valley portion 28
between both the banks 41 and 42, they are hidden by
both the banks 41 and 42. The water pipes 773 and 774,
therefore, are inconspicuous as seen from the outside,
that is, do not degrade the appearance of the internal
combustion engine E.
[0065] Since the thermostat 82 is disposed in the
combined chamber 80 in which components of cooling

water having cooled the front and rear banks 41 and 42
are combined, it can suitably control the water tempera-
ture in both the banks 41 and 42 by certainly detecting
an average water temperature in both the banks 41 and
42. Further, it is not required to make a layout of piping
for the thermostat 82, thereby simplifying the entire pip-
ing layout.

[0066] Since the thermostat cover 81 including the
outlet joint 83 projecting forwardly is connected to the
front surface of the upper portion of the rear bank 42, it
is possible to reduce the degree of bending of the water
pipe 775 for communicating the outlet joint 83 to the inlet
of the radiator 29, and hence to make small the flow
resistance of the water pipe 775 and also improve the
entire appearance of the internal combustion engine E.
[0067] Since the bypass outlet joint 84 having the
inside diameter smaller than that of the upper joint 792
of the rear bank 42 and being communicated to the
combined chamber 80 is integrally formed on the upper
joint 792, it is possible to collectively mount the upper
joint 792 and the bypass outlet joint 84 to the rear bank
42, and hence to simplify the piping works.
[0068] Since the oil pump 57 and the water pump 62
are coaxially disposed and are driven by the common
pump shaft 61 driven by the first drive gear 54a, it is
possible to simplify the drive system thereof.
[0069] Since the oil pump 57 is disposed adjacent to
the over-running clutch 53 in the radial direction, it is
possible to suppress the increase in lateral width of the
internal combustion engine E, although the oil pump 57
and the water pump 62 are coaxially disposed.
[0070] Since the oil pump 57 and the water pump 62
are disposed in front of and over the crank shaft 15, it is
possible to compactly form the rear portion of the crank
case 21 and the mission case portion 95 continuous
thereto without any interference with the oil pump 57
and the water pump 62, and hence to ensure a desira-
ble ground clearance of the internal combustion engine
E and easily reduce the heights of the driver's seat 6a
and the pillion seat 6b. In this case, although the front
portion of the crank case 21 is slightly swelled by the
effect of the above arrangement of the oil pump 57 and
the water pump 62, the swelled portion of the crank
case 21 is contained in the lower dead space of the front
bank 41, and therefore, it does not obstruct the com-
pactness of the internal combustion engine E.
[0071] Since the drive system of both the pumps 57
and 62 disposed over the crank shaft 15 is not required
to be dipped in oil accumulated in the oil sump 66, it is
possible to eliminate the agitation of oil by the drive sys-
tem and hence to reduce the power loss.
[0072] Since the input shaft 96 and the output shaft 97
of the transmission 8 are horizontally disposed directly
after the crank shaft 15 without any interference with the
oil pump 57 and the water pump 62, it is possible to
achieve the compactness of the mission case portion 95
and also flatten the upper wall of the mission case por-
tion 95. This makes it possible to sufficiently ensure the
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distance between the mission case portion 95 and the
rear exhaust pipe 132 and hence to easily prevent the
mission case portion 95 and the transmission 8 con-
tained therein from being thermally affected by the rear
exhaust pipe 132.

Starting System (Figs. 2 and 7)

[0073] A containing recessed portion 88 is formed in
the bottom surface of the front portion of the crank case
21, and the starting motor 11 is disposed in the contain-
ing recessed portion 88 with its axial line directed in par-
allel to the crank shaft 15. A casing 89 of the starting
motor 11 is mounted on the crank case 21 in such a
manner that a cylindrical supporting portion 89a at one
end of the casing 89 is liquid-tightly fitted in a through-
hole 90 formed in the end wall of the containing
recessed portion 88 and a mounting arm portion 89b at
the other end of the casing 89 is fastened to the crank
case 21 with a bolt 111. The leading end of a rotor shaft
91 of the starting motor 11 is inserted in the crank case
21, and a pinion 92 formed on the leading end of the
rotor shaft 91 is adapted to drive the starting gear 52 via
a reduction gear train 93. The starting gear 52, the over-
running clutch 53, and the reduction gear train 93 con-
stitute a starting transmission unit 94 for transmitting the
rotational power of the starting motor 11 to the crank
shaft 15.
[0074] As described above, since the starting motor
11 is disposed in front of and under the crank shaft 15,
the starting motor 11 also does not obstruct the com-
pactness of the rear portion of the crank case 21 and
the mission case portion 95, and since the starting
motor 11 is contained in the lower dead space of the
front bank 41, it does not obstruct the compactness of
the internal combustion engine E. Further, the reduction
gear train 93 is dipped in oil accumulated in the oil sump
66 on the bottom of the crank case 21 by the effect of
the above arrangement of the starting motor 11; how-
ever, since the reduction gear train 93 is activated not
during operation of the engine but upon start-up of the
engine, it does not agitate the oil during operation of the
engine and thereby does not cause the power loss.
[0075] The present invention is not limited to the
above embodiments, and it is to be understood that var-
ious changes in design may be made without departing
from the scope of the present invention.

Object: To provide a V-type internal combustion
engine, which is capable of mounting lifters for
chain tensioners on a rear wall of a rear bank with-
out any interference with a mission case portion,
while eliminating the necessity of setting a rearward
tilt angle at a particularly small value.
Solving Means: A primary transmission unit 54 and
a rear timing transmission unit 462 are connected to
both ends of a crank shaft 15; and a side wall 95a,
on the rear timing transmission unit 462 side, of a

mission case portion 95 is offset on the primary
transmission unit 54 side from the rear timing trans-
mission unit 462. With this configuration, it is possi-
ble to easily mount the lifters 492 for chain
tensioners on a rear wall of the rear bank 42 without
interference with the mission case portion 95.

Claims

1. A V-type internal combustion engine for a motorcy-
cle, in which front and rear banks (41, 42) are dis-
posed fore and aft in such a manner as to cross
each other centered at a crank shaft (15) disposed
laterally in a state that said crank shaft (15) is
mounted on a body frame (1); a mission case por-
tion (95) for containing a transmission (8) is inte-
grally provided on a rear portion of a crank case
(21) for containing said crank shaft (15); a primary
transmission unit (54) for transmitting a power to
said transmission (8) is connected to said crank
shaft (15) and also front and rear timing transmis-
sion units (461, 462) for driving valve system cam
shafts (411, 412) of said front and rear banks (41,
42) respectively are connected to said crank shaft
(15); and lifters (491, 492) for pressing chain ten-
sioners (481, 482) of said front and rear timing
transmission unit (461, 462) are mounted on rear
walls of said front and rear banks (41, 42) respec-
tively,
characterized in that

said primary transmission unit (54) and said
rear timing transmission unit (462) are con-
nected to both ends of said crank shaft (15);
and a side wall (95a), on the rear timing trans-
mission unit (462) side, of said mission case
portion (95) is offset on the primary transmis-
sion unit (54) side from said rear timing trans-
mission unit (462).

2. A V-type internal combustion engine for a motorcy-
cle according to claim 1, wherein said front and rear
timing transmission units (461, 462) are connected
to one end portion of said crank shaft (15) in such a
manner as to be adjacent to each other, and said
rear timing transmission unit (462) is disposed axi-
ally outwardly from said front timing transmission
unit (461).
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