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(57) Abréegée/Abstract:

To provide an intake system for horizontal opposed type Internal combustion engine which can contribute to improvement of
output performance without sacrificing the intrinsic merit of the horizontal opposed type internal combustion engine, namely,
smaller overall height. First and second intake ports 9Lf, 9Lr and 9Rf, 9Rr provided at head portions of first and second banks 7L,
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(57) Abrege(suite)/Abstract(continued):

/R arranged on the left and right sides and first and second Intake distribution ports 12La, 12Lb and 12Ra, 12Rb arranged
horizontally at a front wall of an intake surge tank 10 disposed on the rear end side of and adjacent to a crank shaft 1 are
respectively connected with each other through first and second intake pipes 13Lf, 13Lr and 13Lf, 13Rr disposed along a top
surface or bottom surface of the engine E. Throttle valves 14La, 14Lb and 14Ra, 14Rb for controlling intake quantities in the first
and second intake pipes are provided In upstream portions of the intake pipes.
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ABSTRACT OF THE DISCLOSURE

To provide an 1i1ntake system for horizontal

opposed type i1nternal combustion engine which can

contribute to improvement of output performance without
sacrificing the intrinsic merit of the horizontal opposed
tvpe internal combustion engine, namely, smaller overall
height. First and second intake ports 9SLf, 9Lr and 9Rf,

g

ORr provided at head portions of first and second banks

7L.,, 7R arranged on the left and right sides and first and
second intake distribution ports 12La, 12Lb and 12Ra,

12Rb arranged horizontally at a front wall of an intake

surge tank 10 disposed on the rear end side of and
adjacent to a crank shaft 1 are respectively connected

with each other through first and second 1intake pipes

13Lf, 13Lr and 13Lf, 13Rr disposed along a top surface or

bottom surface of the engine E. Throttle wvalves 14la,

14L.b and 14Ra, 1l4Rb for controlling intake quantities 1in

the first and second 1i1intake pilipes are provided 1in

upstream portions of the intake pipes.
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TITLE:  INTAKE SYSTEM FOR HORIZONTAL OPPOSED TYP:
INTERNAL COMBUSTION ENGINE

FIELD OF TH!

L4

INVENTION

5 The present invention relates to an intake

system for a horizontal opposed type internal combustion

engine which comprises a first bank and a second bank

horizontally disposed opposite to each other with a crank

shaft therebetween.
10

BACKGROUND OF THE INVENTION

As an 1ntake system for horizontal opposed type

internal combustion engine according to the prior art,

15 there has been widely embodied one in which branch pipes

of an 1ntake manifold extending vertically as a whole are

connected to intake ports opening at top surfaces of head

portions of first and second banks, an evaporator or a

throttle body 1s connected to a distribution chamber

20 provided at an upper portion of the intake manifold, and

an alr cleaner 1s connected thereto.

However, since the intake system as above-

described is constructed concentrated on the upper side

p—
—

of the first and second banks, the overall height of the

25 engine 1s increased. This reduces the intrinsic merit of

the horizontal opposed type internal combustion engine

such that the overall height of the engine can be made

small by arranging the first and  second banks

horizontally.
30 The present invention has been made in view of

the above-mentioned point. It is therefore an object of

the present i1nvention to provide an intake system for

horizontal opposed type internal combustion engine which

can obviate the damage to the above-mentioned intrinsic

35 merit of the horizontal opposed type internal combustion
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engine, and can contribute to improvement in output

performance of the engine.

SUMMARY OF THE INVENTION

In order to attain the above-mentioned object,

the present invention is firstly characterized in that,

1n a horizontal opposed type internal combustion engine

comprising a first bank and a second bank horizontally

disposed opposite to each other with a c¢rank shaft

therebetween, first and second intake ports are provided
at head portions of the first and second banks, a side
wall on the crank shaft side of an air cleaner disposed

horizontally adjacent to and on one end side of the crank

shaft 1s provided with first and second intake

distribution ports corresponding to the first and second

intake ports and arranged horizontally, the first and
second 1ntake ports and the first and second intake
distribution ports are connected respectively to each

other through first and second intake pipes disposed

along a top surface or a bottom surface of the engine,

and throttle valves for controlling intake quantities in

the first and second intake pipes are provided in

respective upstream portions of the intake pipes.

According to the first characteristic feature,

even distribution of air into the first and second intake

pipes 1is achieved in the air cleaner, and the distributed
alr 1s supplied individually into first and second

cylinders. As a result, interference of intake between

the cylinders is restrained, while charging efficiency

can be enhanced, and an improvement in output performance

of the engine can be contrived.

Moreover, the air cleaner disposed horizontally

adjacent' to and on the rear end side of the crank shaft
and the first and second intake pipes arranged along a

top surface or bottom surface of the engine do not have




JJ-11 351CA

10

15

20

25

30

35

CA 02359841 2001-10-24

large i1influence on the overall height of the engine, and,

therefore, it 1is possible to retain the intrinsic merit

of the horizontal opposed type internal combustion engine

such that the overall height of the engine can be made

small.

L

In addition to the first characteristic

feature, the present invention is secondly characterized

in that the first and second banks comprise pluralities

p—

of first and second cylinders and pluralities of the

first and second intake ports corresponding to the first

and second cylinders, pluralities of the first and second
intake distribution ports provided in the air cleaner
correspondingly to the first and second intake ports are

arranged symmetrically with respect to a center 1line

extending in the vicinity of and in parallel with the
crank shaft, the first and second intake ports nearer to
the air cleaner and the first and second intake

distribution ports located on the inner side and nearer

to the center line are connected respectively to each

other through the first and second intake pipes, the
first and second intake ports farther from the air
cleaner and the first and second intake distribution
ports located on the outer side and farther from the
center line are connected respectively to each other

through the first and second intake pipes, and wvalve

shatts of the throttle wvalves provided in the upstream

portions of the first and second intake pipes are

connected coaxially with each other.

According to the second characteristic feature,

although the distances from the front-side and rear-side

intake ports to the air cleaner differ in each of the

banks, evening of the effective pipe lengths of'the first

intake pipes and evening of the effective pipe lengths of

the second intake pipes can be contrived, and inertia

effects and pulsation effects of intake can be evenly
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displayed 1n each of the intake pipes. As a result,
charging efficiency for the cvlinders can be enhanced

effectively, and a further improvement in output

performance can be contrived.

Further, in addition to  the first
characteristic feature, the present invention is thirdly
characterized in that the first and second banks comprise
pluralities of the first and second cvlinders and

pluralities of the first and second intake ports

P

corresponding to the first and second cylinders,
pluralities of the first and second intake distribution

ports provided in the air cleaner correspondingly to the

first and second intake ports are arranged symmetrically
with respect to the center line extending in the vicinity
of and 1n parallel with the crank shaft, the first and

second 1intake ports nearer to the air cleaner and the

first and second intake distribution ports located on the

outer side and farther from the center line are connected

respectively to each other through the first and second

intake pipes, the first and second intake ports farther

from the air cleaner and the first and second intake
distribution ports located on the inner side and nearer

to the center line are connected respectively to each

other through the first and second intake pipes, and the

throttle valves provided in the upstream portions of the

first and second intake pipes connected to the first and

second outer-side intake distribution ports are arranged

nearer to the air cleaner as compared to the throttle

valves provided in the upstream portions of the first and
second 1intake pipes connected to the first and second

inner-side intake distribution ports.

According also to the third characteristic

feature, evening of the effective pipe lengths of the

first intake pipes and evening of the effective plpe

lengths of the second intake pipes can be contrived, and

T N T T T T, = A DRV L1 VO T T Lt e v s, oy g L A i - IS NP Ny =



JJ-11 351CA

10

15

20

25

30

CA 02359841 2001-10-24

inertia effects and pulsation effects of intake in each
of the 1intake pipes can be displaved more evenly. As a
result, charging efficiency for each of the cylinders can

be enhanced effectively, and a further improvement in

output performance can be contrived.

Further, in addition to the third

characteristic feature, the present invention is fourthly
characterized in that the wvalve shafts of the throttle
valves nearer to the air cleaner are connected coaxially
with each other, and the valve shafts of the throttle
valves farther from the air c¢leaner are connected

coaxially with each other.

According to the fourth characteristic feature,
the valve shaft of the throttle valves nearer to the alilr

cleaner and the wvalve shaft of the throttle wvalves

farther from the air cleaner can be arranged parallel

with each other.

Further, in addition to the third

characteristic feature, the present invention is tifthly

characterized in that the valve shafts of the throttle
valves 1in the first intake pipes are connected coaxially
with each other, and the valve shafts of the throttle
valves in the second intake pipes are connected coaxially
with each other.

According to the fifth characteristic feature,

interchangeability ©between the valve shaft of the

throttle valves nearer to the air cleaner and the wvalve

shaft of the throttle valves farther from the alr cleaner

can be contrived.
Furthermore, in addition to any one of the
first to fifth characteristic features, the present

invention is sixthly characterized in that the first bank

1s set off from the second bank to the opposite side of

the air cleaner along the axis line of the crank shaft,
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and the center line is set off from the axis line of the

crank shaft to the side of the first bank.

According to the sixth characteristic feature,

the difference between the lengths of the first intake

pipe and the second intake pipe due to offset of the

first and second banks from each other can be reduced,

which contributes to evening of the effective plpe

lengths of the first and second intake pipes.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are
shown 1in the drawings, wherein:

Fig. 1 is a plan view of a horizontal opposed

type 1nternal combustion engine comprising an intake
system according to a first embodiment of the invention.
Fig. 2 is a side wview of the internal

combustion engine.

Fig. 3 1is a plan view of a horizontal opposed

type 1nternal combustion engine comprising an intake

system according to a second embodiment of the invention.
Fig. 4 1s a plan view of a horizontal opposed
type 1internal combustion engine comprising an intake

system according to a third embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Modes for carrying out the invention will now
be described bellow referring {:o some embodiments of the
invention illustrated by the attached drawings.

Flg. 1 is a plan view of a horizontal opposed

Cype 1internal combustion engine comprising an intake

system according to a first embodiment of the invention:

Fig. 2 is a side view of the internal combustion engine;
Fig. 3 is a plan view of a horizontal opposed type

internal combustion engine comprising an intake system

according to a second embodiment of the invention: and



JJ-11 351CA

10

15

20

25

30

35

CA 02359841 2001-10-24

Fig. 4 1s a plan view of a horizontal opposed type
internal combustion engine comprising an intake system
according to a third embodiment of the invention.

First, the first embodiment of the invention
shown 1n Figs. 1 and 2 will be described. In Fig. 1,
symbol E denotes a horizontal opposed type 4d-cvylinder

internal combustion engine for vehicle to which the

invention has been applied. In the internal combustion

engine E, a crank shaft 1 is disposed in the front-rear

—
p—

direction of the vehicle._ The crank shaft 1 comprises

No. 1 crank 2;, No. 2 crank 2,, No. 3 crank 33, and No. 4
crank 24. The No. 1 crank 2; and No. 4 crank 2, as well

as the No. 2 crank 2; and No. 3 crank 2; are respectively

1n the same phase with each other, and there is a phase
difference of 180° between the No. 1 and No. 4 cranks 21,

24 and the No. 2 and No. 3 cranks 2,, 2;. A front-rear

palr of first pistons 4Lf, 4Lr are respectively connected

to the No. 1 and No. 3 cranks 2;, 2; through connecting

rods 5Lf, 5Lr, and a front-rear pair of second pistons

4Rf, 4Rr are respectively connected to the No. 2 and No .
4 cranks 2;, 24 through connecting rods 4A4Rf, A4Rr. The
first pistons 4Lf, 4Lr and the second plistons 4Rf, A4Rr

are disposed opposite to each other on the left and right

sides with the axis 1line A of the crank shaft 1

therebetween. The first pistons 4Lf, 4Lr are set off

from the second pistons 4Rf, 4Rr to the front side along

No. 1 crank 2; and No. 2 crank 2, and betweén the No. 3
crank 23 and No. 4 crank 2,. The offset distance S
corresponds to the offset distance between the first and
second banks 7L, 7R, which will be described later.

The crank shaft 1 is provided with a front
Journal 3f adjacent to and on the front side of the No. 1
crank 2;, a middle journal 3m at a middle portion between

the No. 2 and No. 3 cranks 2, 23, and a rear journal 3r
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adjacent to and on the rear side of the No. 4 crank 24 .

These journals 3f, 3m, 3r are rotatably supported by a

crankcase 6.

On the left and right sides of the crankcase 6
are adjacently disposed the first and second banks 7L, 7R

horizontally opposite to each other with the crank shaft

1 therebetween. The first and second banks 7L, 7R

comprise front-rear pairs of first and second cylinders
8L, 8Lr and 8Rf, 8Rr. The first pistons 4Lf, 4Lr are
fitted in the first cylinders 8Lf, 8Lr, while the second

F
—

pistons 4Rf, 4Rr are fitted in the second cylinders 8R:

’

SRr.

At head portions of the first and second banks
/L, TR, first and second intake ports 9Lf, 9Lr and ORT,
JRr corresponding to the respective cylinders SLf, 8Lr

=
p—

and 8Rf, 8Rr are provided to be opened at top surfaces of

the head portions.

As shown in Figs. 1 and 2, on the rear side of

the crankcase 6 is disposed an air cleaner 10

horizontally adjacent to the rear end of the crank shaft

1. The air cleaner 10 has the shape of a box elongate 1in
the left-right direction. A bottom wall of the air
cleaner 10 is provided with an air inlet 11. A front

wall of the air cleaner 10 on the side of the crankcase 6

ports 12Lf, 12Lr and 12Rf, 12Rr corresponding to the
first and second intake ports 9Lf, 9Lr and 9Rf, O9Rr of

the first and second banks 7L, 7R. The first and second

intake distribution ports 12Lf, 12Lr and 12Rf, 12Rr are

disposed horizontally and symmetrically on the left and
right sides of a center line Y parallel to the crank
shaft 1, and are shaped like funnels opening into the air

cleaner 10.

The center line Y is set off from the axis line

A of the crank shaft 1 to the side of the first bank 71,

R A S U A TR TG TR AT SR SN AT 31 A YA h 0 358 A ) Ik AP S5 N
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by a distance L which corresponds to the frontward offset

distance S of the first bank 7L relative to the second
bank 7R.

The first and second rear-side intake ports
5 9Lr, O9Rr nearer to the air cleaner 10 and the first and

second 1nner-side intake distribution ports 12Lb, 12Rb

10 9Rtf farther from the air cleaner 10 and the first and

second outer-side intake distribution ports 12La, 12Ra

farther from the center line Y are connected respectively

Lo each other through first and second intake pipes 13Lf,
13Rf. The first intake pipes 13Lf, 13Lr cross each other

15 at an intermediate part, while the second intake plipes
13Rf, 13Rr also cross each other at an intermediate part.
The first and second intake pipes 13Lr, 13Rr are disposed
as a whole along a top surface of the engine E.

At upstream portions of the first and second

20 intake pipes 13Lf, 13Lr and 13Rf, 13Rr, butterfly-type
throttle wvalves 14La, 14Lb and 14Ra, 14Rb for individual

gr—

control of intake gquantities in the intake plpes are

disposed in the direction of arrangement of the first and
second intake distribution ports 12Lf, 12Lr and 12Rf,
25 12Rr. Valve shafts 15La, 15Lb and 15Ra, 15Rb of the
throttle wvalves 14La, 14Lb and 14Ra, 14Rb are connected

coaxlally with each other. In the case shown in the

figures, the wvalve shafts are composed of a long common

single valve shaft, and a throttle drum 16 connected with

30 an operating wire 17 is attached to one end of the common

valve shaft.

Now, the operation or effects of the first

embodiment will be described below.

In operation of the engine E, even distribution

35 of air into the first and second intake pipes 13Lf, 13Lr

Caadeiatd
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and 13Rf, 13Rr is carried out in the air cleaner 10, and

the distributed air is supplied individually into the

first and second cylinders 8Lf, 8Lr and S8R, 8Rr. By

this, interference of intake among the cylinders 8Lf, 8Lr

and 8Rf, 8Rr can be prevented, while charging efficiency
can be enhanced.
Especially, the first and second rear-side

intake ports 9Lr, 9Rr nearer to the air cleaner 10 and

the first and second inner-side intake distribution ports

12Lb, 12Rb nearer to the center line Y are respectively

connected to each other through the first and second
intake pipes 13Lr, 13Rr, whereas the first and second

front-side intake ports 9Lf, 9Rf farther from the air

cleaner 10 and the first and second outer-side intake
distribution ports 12La, 12Ra farther from the center

line Y are respectively connected to each other through

the first and second intake pipes 13Lf, 13Rf. In

addition, 1in upstream portions of the first and second
intake pipes 13Lf, 13Lr and 13Rf, 13Rr are disposed
throttle valves 14La, 14Lb and 14Ra, 14Rr arranged in the

arrangement direction of the first and second intake

distribution ports 12Lf, 12Lr and 12Rf, 12Rr. Therefore,

although the distances between the front-side and rear-
side intake ports 9Lf, 9Lr and 9Rf, O9Rr and the air
cleaner 10 differ in each of the barnks /L, 7R, evening of
the effective pipe lengths of the first intake pipes 13L,
13Lr and evening of the effective pipe lengths of the

second intake pipes 13Rf, 13Rr can be contrived.

Furthermore, since the first and second intake
distribution ports 12Lf, 12Lr and 12Rf, 12Rr are as a
whole set off to the side of the first bank 7L by a

distance L which corresponds to the frontward offset

distance S of the first bank 7T relative to the second

bank 7R, the pipe length difference between the first
intake pipes 13Lf, 13Lr and the second intake pipes 13Rf,

- 10 -
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13Rr due to the offset of the first and second banks 7L,
/R from each other can be reduced.

As a result, inertia effects and pulsation
effects of intake can be evenly displayved in each of the
intake pipes 13Lf, 13Lr and 13REf, 13Rr, charging
=, 8Lr and 8RE,

efficiency for each of the cylinders 8L:

8Rr can be effectively enhanced, and an improvement 1in
engine output can be contrived.

- Moreover, since the air cleaner 10 is disposed
at the rear end of and horizontally adjacent to the crank
shaft 1 while the first and second intake pipes 13Lf,
13Lr and 13Rf, 13Rr connecting the air cleaner 10 to the
,  9Rr

first and second intake ports 9Lf, 9Lr and O9R-

opening at top surfaces of head portions of the first and

second banks 7L, 7R are laid along the top surface of the
engine E, these intake pipes 13Lf, 13Lr and 13Rf, 13Rr

and the air cleaner 10 are prevented from making a great

effect on the overall height of the engine. Therefore,

1t 1s possible to make the most of the intrinsic merit of

Next, a second embodiment of the invention

1llustrated by Fig. 3 will be described.

In the second embodiment, first and second

intake ports 9Lr, 9Rr nearer to an air cleaner 10 and

first and second outer-side intake distribution ports

12La, 12Ra farther from a center line Vv 1in the air

cleaner 10 are respectively connected to each other
through first and second intake pipes 13Lr, 13Rr, whereas
first and second intake ports 9Lf, 9Rf farther from the

air cleaner 10 and first and second 1nner-side intake

distribution ports 12Lb, 12Rb nearer to the center line Y

are respectlively connected to each other through first

and second intake pipes 13Lf, 13RF. In addition,

R R T N R e T T T T W s T VR DA WA Y Ay
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throttle valves 14La, 1l4Ra provided in upstream portions

of the first and second intake pipes 13Lr, 13Rr connected

to the first and second outer-side intake distribution

ports 1l2La, 1l2Ra are disposed nearer to the air cleaner

10 as compared with throttle wvalves 14Lb, 14Rb provided

1n upstream portions of the first and second intake pipes

13LE, 13Rf connected to the first and second inner-side
intake distribution ports 12Lb, 12Rb. Valve shafts 15La,
15Ra o0f the rear-side throttle valves 1l4dT,a, 1l4Ra are

connected coaxially with each other so as to pierce
through the first and second inner-side intake pipes

13Lf, 13Rf. In the embodiment illustrated, the wvalve

shafts are composed of a long common single valve shaft,

and a throttle drum 1l6a connected to an operating wire

1l7a 1s attached to One end of the common valve shaft.

Valve shafts 15Lb, 15Rb of the front-side throttle valves
14Lb, 14Rb are connected coaxially with each other. In
the embodiment illustrated, the valve shafts are composed
of a long common single valve shaft, and a throttle drum
16b connected to an operating wire 17b is attached to an

intermediate portion of the common valve shaft. Both the

operating wires 17a, 17b are connected to a common

throttle operating member, not shown, so that they are

operated simultaneously. Meanwhile, where the front-side
and rear-side valve shafts 15Lb, 15Rb and 15L.a, 15Ra are
connected to each other through a 1link mechanism, it
sutfices that the operating system is provided only for

either one valve shaft 15Lb, 15Rb or 15La, 15Ra.

Other aspects of constitution are the same as

in the first embodiment; therefore, the same reference

symbols are used for the same component parts in Fig. 3

as 1n the first embodiment, and description of such

component parts is omitted.

According to the second embodiment also, the

effective pipe lengths of the intake pipes 13Lf, 13Rf

- 12 -
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connecting the front-side intake ports 9Lf, 9Rf to the
front-side throttle wvalves 14Lb, 14Rb and the effective
pipe lengths of the intake pipes 13Lr, 13Rr connecting
the rear-side intake ports 9Lr, 9Rr to the rear-side

throttle valves 14La, 14Ra can be made more even in each

of the banks 7L, 7R, and inertia effects and pulsation
effects of intake in each of the intake pipes 13Lf, 13Lr
and 13Rf, 13Rr can be equalized. By this, charging
efficiency for each of the cylinders 8Lf, 8Lr and 8Rf,

S8Rr can be enhanced effectively, and an improvement in

engine output can be contrived. Besides, 1in the above-
mentioned constitution, the rear-side valve shafts 15La,
15Ra nearer to the air cleaner 10 and the front-side

valve shafts 15Lb, 15Rb farther from the air cleaner 10

can be disposed in parallel to each other.

i

Finally, a third embodiment of the invention

1llustrated by Fig. 4 will be described.

The third embodiment differs from the second

embodiment of Fig. 3 only in the arrangement of wvalve
shafts 15La, 15Lb and 15Ra, 15Rb of throttle valves 1l4La,
14Lb and 14Ra, 14Rb; therefore, the different points will

only be described. Namely, wvalve shafts 15La, 15Lb of
throttle wvalves 14La, 14Lb disposed in a front-rear
relationship on the side of the first bank 7L are
connected coaxially with each other. In the embodiment

illustrated, the valve shafts are composed of a ong

common single valve shaft, and a throttle drum 161

connected to an operating wire 17L is attached to one end

of the common valve shaft.

In addition, valve shafts 15Ra, 15Rb of

throttle wvalves 14Ra, 14Rb disposed in ‘a front-rear

relationship on the side of the second Dbank /R are

connected coaxially with each other. In the embodiment

1llustrated, the wvalve shafts are composed of a 1long

common single valve shaft, and a throttle drum 16R

T ORI TR RALTANLY 7 NN 79 5 ANV LA SN sl pemp 7t | Yoy W . —
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connected to an operating wire 17R is attached to one end

of the common wvalve shaft.

As a result of the above constitution, the

valve shafts 15La, 15Lb of the throttle valves 14La, 14LDb

5O on the side of the first bank 7L and the valve shafts
15Ra, 15Rb of the throttle valves 14Ra, 14Rb on the side

of the second bank 7R are arranged in a truncated reverse

V shape 1n plan view. Both of the operating wires 17L,

17R mentioned above are connected to a common throttle

10 operating member, not shown, so that they are operated
simultaneously. Meanwhile, where the left and right
valve shafts 15La, 15Lb and 15Ra, 15Rb are connected to
each other through a flexible joint, it suffices that the
operating system is provided only for either one valve

15 shaft 15La, 15Lb or 15Ra, 15RD.

According to the above constitution, it is

possible to contrive interchangeability between the valve
shaft 15La, 15Lb of the throttle valves 14La, 14Lb on the
side of the first bank 7L and the valve shaft 15Ra, 15RDb
20 of the throttle wvalves 14Ra, 14Rb on the side of the

second bank 7R.. In addition, since the arrangement of

the throttle valves 14La, 14Lb and 14Ra, 14Rb is the same

as 1n the second embodiment, the same action or effects
as 1n the second embodiment can be displaved.

25 In Fig. 4, the same reference symbols are used

for the same component parts as in the second embodiment

described above.

The present invention is not restricted to or
by the above-mentioned embodiments, and various

30 modifications in design can be made without stepping out

of the gist of the invention. For 1instance, the first
and second intake ports 9Lf, 9Lr and 9Rf, 9Rr can be
opened at bottom surfaces of head portions of the first
and second banks 7L, 7R, and the first and second intake

35 pipes 13Lf, 13Lr and 13Lf, 13Rr can be disposed along a

- 14 -
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bottom surface of the engine E. In addition, the
horizontal opposed type internal combustion engine
according to the invention can be applied to internal
compbustion engines having 6 or more cylinders.

Furthermore, by disposing the crank shaft along a center

line of a vehicle, the horizontal opposed type 1internal
combustion engine of the invention can effectively be
applied not only to automobiles but also to motorcycles
and airplanes.

According to the first characteristic feature
of the invention as described above, in a horizontal
opposed type internal combustion engine comprising first

and second banks disposed horizontally and opposite to

each other with a crank shaft therebetween, first and

second intake ports are provided at head portions of the

first and second banks, a side wall on the crank shaft
side of an air cleaner disposed horizontally adjacent to

and on one end side of the crank shaft is provided with

first and second intake distribution ports corresponding

to the first and second intake ports and arranged

horizontally, the first and second intake ports and the

first and second intake distribution ports are connected
respectively to each other through first and second
intake pipes disposed along a top surface or a bottom
surface of the engine, and throttle wvalves for
controlling intake quantities in the first and second
intake pipes are provided in respective upstream portions
of the intake pipes. With this construction, it 1is
possible to prevent intake interference among the

cylinders, to enhance charging efficiency, and contrive

an improvement in output performance of the engine. In

addition, since the air cleaner disposed horizontally
adjacent to and at the rear end of the crank shaft and

the first and second intake pipe disposed along the top

surface or bottom surface of the engine do not have a

- 15 -
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great influence on the overall height of the engine, it
1s possible to retain the intrinsic merit of the

horizontal opposed type internal combustion engine such

that the overall height of the engine can be made small.
According to the second characteristic feature

of the invention, first and second banks comprise

pluralities of first and second cylinders and pluralities

pubun

of first and second intake ports corresponding to the

first and second cylinders, pluralities of first and

second intake distribution ports provided in an air

cleaner correspondingly to the first and second intake

the crank shaft, the first and second intake pPorts nearer
to the air cleaner and the first and second intake
distribution ports located on the inner side and nearer

to the center line are connected respectively to each

other through the first and second intake pipes, the
first and second intake ports farther from the air
cleaner and the first and second intake distribution

ports located on the outer side and farther from the

center llne are connected respectively to each other
through the first and second intake pipes, and wvalve
shafts of throttle valves provided in upstream portions

of the first and second intake pipes are connected

coaxially with each other. As a result, although the
distances between the front-side and rear-side intake
ports and the air cleaner differ in each bank, evening of
effect.ive pripe lengths of the first intake pipes and
evening of effective pipe lengths of the second intake
pipes can be contrived, and inertia effects and pulsation
effects of intake are equally displayed in each of the
intake pipes. By this, it is possible to effectively

enhance charging efficiency for each cylinder, and to

contrive a further improvement of output performance.
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According to the third characteristic feature

of the invention, first and second banks comprise

pluralities of first and second cylinders and pluralities
of first and second intake ports corresponding to the

first and second cylinders, pluralities of first and

second 1intake distribution ports provided in the air
cleaner correspondingly to the first and second intake

ports are arranged symmetrically with respect to a center

line extending in the vicinity of and 1n parallel with
the crank shaft, the first and second intake ports nearer
to the alr cleaner and the first and second intake
distribution ports located on the outer side and farther
from the center line are connected respectively to each
other through first and second intake pipes, the first

and second intake ports farther from the air cleaner and

the first and second intake distribution ports located on
the 1inner side and nearer to the center line are
connected respectively to each other through the first
and second intake pipes, and throttle valves provided in

upstream portions of the first and second intake pipes

connected to the first and second outer-side intake

distribution ports are arranged nearer to the air cleaner

as compared to throttle wvalves provided in upstream

portions of the first and second intake pipes connected
to the first and second inner-side intake distribution
ports. In this case, also, evening of effective pipe

g

lengths of the first intake pipes and evening of

effective pipe lengths of the second intake plipes can be
contrived, and inertia effects and pulsation effects of
intake are equally displaved in each of the intake pipes.
By this, it 1s possible to effectively enhance charging
efficiency for each cylinder, and to contrive a further
improvement of output performance.

Further, according to the third characteristic

feature of the invention, wvalve shafts of the throttle
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valves nearer to the air cleaner are connected coaxially

with each other, and wvalve shafts of throttle valves

farther from the air cleaner are connected coaxially with

each other. Therefore, it 1is possible to arrange in

ve shafts of the throttle wvalves nearer

5 parallel the wva

to the air cleaner and the wvalve Shafts of the throttle

valves farther from the air cleaner.

According to the fourth characteristic feature

of the i1nvention, wvalve shafts of the throttle valves in

10 the first intake pipes are connected coaxially with each

other, and wvalve shafts of the throttle wvalves in the

second 1intake pipes are connected coaxially with each

other. With this construction, it is possible to

contrive interchangeability between the valve shafts of

15 the throttle wvalves in the first intake pipe and the

valve shafts of the throttle valves in the second intake

plpe.

Furthermore, according to the sixth

characteristic feature of the invention, the first bank

20 1s set off from the second bank to the opposite side of

the alr cleaner along the axis line of the crank shaft

il §

and the above-mentioned center line is set off from the

bank. With this arrangement, it is possible to reduce
25 pipe length difference between the first intake plpes and
the second intake pipes due to the offset of the first
and second banks from each other, and to contribute to

e
p—

evening of effective pipe lengths of the intake plpes.

30 Although various preferred embodiments of the
present invention have been described herein in detail,
1t will be appreciated by those skilled in the art, that

variations may be made thereto without departing from the

spirit of the invention or the scope of the appended

35 claims.

R S T Ty oK VY A0S R N (T ey b ARy My Sy 18- At 5 AR Atk e e et weee e e e



CA 02359841 2004-10-22

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An intake system for a horizontally opposed type internal combustion
engine, the engine including a first bank and a second bank horizontally disposed
opposite to each other with a crankshaft therebetween, said intake system
comprising:

first and second intake ports, said first and second intake ports being
provided at head portions of the first and second banks;

a side wall; said side wall being provided on the crankshaft side of an
air cleaner of the engine, said side wall being disposed adjacent to the crankshaft and
being provided with first and second intake distribution ports corresponding to said
first and second intake ports, said first and second intake distribution ports being
arranged horizontally;

first and second intake pipes, said first and second intake pipes
respectively connecting said first and second intake ports and said first and second
intake distribution ports to each other, and being disposed along a top surface or a
bottom surface of the engine; and

first and second throttle valves for controlling intake quantities in said
first and second intake pipes, said throttle valves being provided in respective

upstream portions of said first and second intake pipes.

2. The intake system for a horizontally opposed type internal combustion
engine according to claim 1, wherein the first and second banks further comprise
pluralities of first and second cylinders, said intake system further comprising:

pluralities of said first and second intake ports corresponding to the
first and second cylinders;

pluralities of said first and second intake distribution ports provided in
said air cleaner corresponding to said first and second intake ports, said pluralities of
said first and second intake distribution ports being arranged symmetrically with
respect to a center line extending in a vicinity of and in parallel with the crankshaft;

a first pair of said pluralities of first and second intake ports nearer to
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said air cleaner and a first pair of said pluralities of first and second intake
distribution ports located on the inner side and nearer to said center line are
connected respectively to each other through a first pair of pluralities of said first
and second intake pipes;

a second pair of said pluralities of first and second intake ports farther
from said air cleaner and a second pair of said pluralities of first and second intake
distribution ports located on the outer side and farther from said center line are
connected respectively to each other through a second pair of said pluralities of first
and second intake pipes; and

pluralities of first and second valve shafts, pluralities of said first and
second throttle valves provided in said upstream portions of pluralities of said first
and second intake pipes are connected coaxially with each other by said pluralities

of first and second valve shafts.

3. The intake system for a horizontally opposed type internal combustion
engine according to claim 1, wherein the first and second banks further comprise
pluralities of first and second cylinders, said intake system further comprising:

pluralities of said first and second intake ports corresponding to the
first and second cylinders;

pluralities of said first and second intake distribution ports provided in
said air cleaner corresponding to said first and second intake ports, said pluralities of
said first and second intake distribution ports being arranged symmetrically with
respect to a center line extending in a vicinity of and in parallel with the crankshaft;

a first pair of said pluralities of first and second intake ports nearer to
said air cleaner and a first pair of said pluralities first and second intake distribution
ports located on an outer side and farther from the center line are connected
respectively to each other through a first pair of pluralities of said first and second
intake pipes;

a second pair of said pluralities of first and second intake ports farther
from said air cleaner and a second pair of said pluralities of first and second intake

distribution ports located on an inner side and nearer to said center line are
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connected respectively to each other through a second pair of said pluralities of first
and second intake pipes; and

pluralities of said first and second throttle valves provided in said
upstream portions of pluralities of said first and second intake pipes connected to
said first pair of said pluralities of first and second intake distribution ports are
arranged nearer to said air cleaner than said throttle valves provided in said
upstream portions of said pluralities of first and second intake pipes connected to

said second pair of said pluralities of first and second intake distribution ports.

4. The intake system for a horizontally opposed type internal combustion
engine according to claim 3, wherein the valve shafts of said throttle valves nearer to
the air cleaner are connected coaxially with each other, and said valve shafts of said

throttle valves farther from the air cleaner are connected coaxially with each other.

5. The intake system for a horizontally opposed type internal combustion
engine according to claim 3, wherein said valve shafts of said throttle valves in said
first intake pipes are connected coaxially with each other, and said valve shafts of
said throttle valves in said second intake pipes are connected coaxially with each

other.

6. The intake system for a horizontally opposed type internal combustion
engine according to claim 1, wherein said first bank is set off from said second bank
to an opposite side of the air cleaner along the axis line of the crankshaft, and said

center line is set off from the axis line of the crankshaft to a side of the first bank.

7. The intake system for a horizontally opposed type internal combustion
engine according to claim 2, wherein the first bank is set off from the second bank to
an opposite side of the air cleaner along the axis line of the crankshaft, and said

center line is set off from said axis line of the crankshaft to a side of the first bank.

8. The intake system for a horizontally opposed type internal combustion
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engine according to claim 3, wherein the first bank is set off from the second bank to
an opposite side of the air cleaner along the axis line of the crankshaft, and said

center line is set off from said axis line of the crankshaft to a side of the first bank.

9. The intake system for a horizontally opposed type internal combustion
engine according to claim 4, wherein the first bank is set off from the second bank to
an opposite side of the air cleaner along the axis line of the crankshaft, and said

center line is set off from said axis line of the crankshaft to a side of the first bank.

10. The intake system for a horizontally opposed type internal combustion
engine according to claim 5, wherein the first bank is set off from the second bank to
an opposite side of the air cleaner along the axis line of the crankshaft, and said

center line is set off from said axis line of the crankshaft to a side of the first bank.

11. A horizontally opposed type internal combustion engine, comprising:

a crankshaft having a plurality of cranks formed thereon;

a plurality of pistons, said plurality of pistons being operably
connected to said crankshaft for reciprocation;

a first bank and a second bank horizontally disposed opposite to each
other with said crankshaft therebetween;

an air cleaner; and

an intake system, said intake system comprising:

first and second intake ports, said first and second intake ports being
provided at head portions of said first and second banks;

a side wall; said side wall being provided on the crankshaft side of said
air cleaner, said side wall being disposed adjacent to said crankshaft and being
provided with first and second intake distribution ports corresponding to said first
and second intake ports, said first and second intake distribution ports being
arranged horizontally;

first and second intake pipes, said first and second intake pipes

respectively connecting said first and second intake ports and said first and second
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intake distribution ports to each other, and being disposed along a top surface or a
bottom surface of the engine; and

first and second throttle valves for controlling intake quantities in said
first and second intake pipes, said throttle valves being provided in respective

upstream portions of said first and second intake pipes.

12. The horizontally opposed type internal combustion engine according
to claim 11, wherein said first and second banks further comprise pluralities of first
and second cylinders, said intake system further comprising:

pluralities of said first and second intake ports corresponding to the
first and second cylinders;

pluralities of said first and second intake distribution ports provided in
said air cleaner corresponding to said first and second intake ports, said pluralities of
said first and second intake distribution ports being arranged symmetrically with
respect to a center line extending in a vicinity of and in parallel with said crankshaft;

a first pair of said pluralities of first and second intake ports nearer to
said air cleaner and a first pair of said pluralities of first and second intake
distribution ports located on an inner side and nearer to said center line are
connected respectively to each other through a first pair of pluralities of said first
and second intake pipes;

a second pair of said pluralities of first and second intake ports farther
from said air cleaner and a second pair of said pluralities of first and second intake
distribution ports located on an outer side and farther from said center line are
connected respectively to each other through a second pair of said pluralities of first
and second intake pipes; and

pluralities of first and second valve shafts, pluralities of said first and
second throttle valves provided in said upstream portions of pluralities of said first

and second intake pipes are connected coaxially with each other by said pluralities

of first and second valve shafts.

13. The horizontally opposed type internal combustion engine according
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to claim 11, wherein said first and second banks further comprise pluralities of first
and second cylinders, said intake system further comprising;

pluralities of said first and second intake ports corresponding to said
first and second cylinders;

pluralities of said first and second intake distribution ports provided in
said air cleaner corresponding to said first and second intake ports, said pluralities of
said first and second intake distribution ports being arranged symmetrically with
respect to a center line extending in a vicinity of and in parallel with said crankshaft;

a first pair of said pluralities of first and second intake ports nearer to
said air cleaner and a first pair of said pluralities first and second intake distribution
ports located on an outer side and farther from said center line are connected
respectively to each other through a first pair of pluralities of said first and second
intake pipes;

a second pair of said pluralities of first and second intake ports farther
from said air cleaner and a second pair of said pluralities of first and second intake
distribution ports located on an inner side and nearer to said center line are
connected respectively to each other through a second pair of said pluralities of first
and second intake pipes; and

pluralities of said first and second throttle valves provided in said
upstream portions of pluralities of said first and second intake pipes connected to
said first pair of said pluralities of first and second intake distribution ports are
arranged nearer to said air cleaner than said throttle valves provided in said
upstream portions of said pluralities of first and second intake pipes connected to

said second pair of said pluralities of first and second intake distribution ports.

14. The horizontally opposed type internal combustion engine according
to claim 13, wherein said valve shafts of said throttle valves nearer to said air cleaner
are connected coaxially with each other, and said valve shafts of said throttle valves

farther from said air cleaner are connected coaxially with each other.

15. The horizontally opposed type internal combustion engine according
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to claim 13, wherein said valve shafts of said throttle valves in said first intake pipes
are connected coaxially with each other, and said valve shafts of said throttle valves

in said second intake pipes are connected coaxially with each other.

16. The horizontally opposed type internal combustion engine according
to claim 11, wherein said first bank is set off from said second bank to an opposite
side of said air cleaner along the axis line of said crankshaft, and said center line is

set off from said axis line of said crankshaft to a side of said first bank.

17. The horizontally opposed type internal combustion engine according
to claim 12, wherein said first bank is set off from said second bank to an opposite
side of said air cleaner along the axis line of said crankshatft, and said center line is

set off from said axis line of said crankshaft to a side of said first bank.

18. The horizontally opposed type internal combustion engine according
to claim 13, wherein said first bank is set off from said second bank to an opposite
side of said air cleaner along the axis line of said crankshaft, and said center line is

set off from said axis line of said crankshaft to a side of said first bank.

19. The horizontally opposed type internal combustion engine according
to claim 14, wherein said first bank is set off from said second bank to an opposite
side of said air cleaner along the axis line of said crankshaft, and said center line is

set off from said axis line of said crankshaft to a side of said first bank.

20. The horizontally opposed type internal combustion engine according
to claim 15, wherein said first bank is set off from said second bank to an opposite
side of said air cleaner along the axis line of said crankshaft, and said center line is

set off from said axis line of said crankshaft to a side of said first bank.
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