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(57) Abréegée/Abstract:

The object of the present invention Is to concentrate the intake air flowing into a combustion chamber of an internal combustion
engine near the ignition point of a spark plug, and to form a strong swirl effect in this area. A projection 16 Is formed on an end
surface 5a of a piston 5. Projection 16 Is positioned near an intake port disposed on one side of the upper surface of a combustion
chamber. A cavity 17 Is formed at a position closer to an exhaust port than projection 16. An ignition point of a spark plug Is
disposed above cavity 1/7. The intake port points toward the outer perimeter of the combustion chamber. The portion of projection
16 on piston end surface 5a that lies in the direction of the intake port iIs cut away. An intake flow passage 19 Is formed on end
surface 5a of piston 5, extending from a cut-away section 18 toward the exhaust port via the outer perimeter of piston end surface
5a. The end of intake flow passage 19 toward the exhaust port forms a cavity entry 20 through which intake air flows into the cavity
17. The Intake air entering the combustion chamber from the intake port goes through cut-away section 18 of projection 16,
through the outer perimeter portion of piston end surface 5a, and into cavity 17 from entry 20 toward the exhaust port. A swirling
effect Is formed In cavity 17.
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ABSTRACT OF THE DISCLOSURE

The object of the present invention is to concentrate
the 1intake air flowing into a combustion chamber of an

piston 5. Projection 16 is positioned near an intake port
disposed on one side of the upper surface of a combustion
Cchamber. A cavity 17 is formed at a position closer to an
exhaust port than projection 16. An ignition point of a spark
plug 1is disposed above cavity 17. The intake port points
toward the outer perimeter of the combustion chamber. The
portion of projection 16 on piston end surface 5Sa that lies
in the direction of the intake port is cut away. An intake
flow passage 19 is formed on end surface 5a of piston 5,
extending from a cut-away section 18 toward the exhaust port
via the outer perimeter of piston end surface 5a. The end of
intake flow passage 19 toward the exhaust port forms a cavity
entry 20 through which intake air flows into the cavity 17.
The 1intake air entering the combustion chamber from the
intake port goes through cut-away section 18 of projection 16,
through the outer perimeter portion of piston end surface 5a,
and into cavity 17 from entry 20 toward the exhaust port. A
swirling effect is formed in cavity 17.
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PISTON FOR INTERNAL COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

The present i1invention relates to an internal combustion
engine that forms a swirl effect in a combustion chamber,
where an 1ntake port pointing toward the outer perimeter of
the combustion chamber is disposed on one side of the upper
surface of the combustion chamber. More specifically, the

present 1invention relates to a piston used in this type of
internal combustion engine.

In i1nternal combustion engines, it has been known that
generating a swirl effect in the combustion chamber can

promote fuel mixing and flame propagation, thus improving
combustion. For this reason, various means for creating swirl
effects have been considered. In one example, an intake
passage opening that guides intake air into a combustion
chamber, 1.e. an intake port, is positioned away from the
center of the combustion chamber and is pointed toward the
outer perimeter.

Also, 1nternal combustion engines need to have the
intake air concentrated near the ignition point of the spark
plug. This 1s achieved by having a cavity formed on the end
surface of the piston under the ignition point of the spark
plug and by having a projection disposed on another section
of the end surface. The projection generally extends
laterally across the end surface of the piston so that it
separates the 1ntake port from the exhaust port, and is
disposed near a section of the end surface that faces the
intake port.

However, when a piston having this kind of projection
1s used with an internal combustion engine that creates the
swirling described above, the projection obstructs the flow
of the intake air coming into the combustion chamber from the
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intake port. This disrupts the flow and prevents a strong
swirl effect from being created.

In Japanese Laid-Open Publication ‘Number 62-178717,
there is disclosed a piston having a projection disposed on
the end surface of the piston. The projection is similar to
the projection described above although it serves a different
purpose. A cut-away section is formed on the projection at a
position facing the intake port. A concave groove extending
laterally is disposed on the end surface of the pliston and 1s
interposed between the section facing the intake port and the
section facing the exhaust port. The cut-away section

described above 1s directly continuous with this concave
groove.

| In 1internal combustion engines having this kind of
piston, the intake air coming in from the intake port flows
into the concave groove via the cut—-away section of the
projection. Thus, the projection 1is prevented from
obstructing the flow of intake air. As a result, a swirl
effect 1s created 1n the combustion space formed by the
concave groove. ' '

However, when a cut-away directly connected to the
concave groove 1is formed in this manner on the projection on
the piston end surface, the cut-away is positioned in the
path of the swirling formed in the Cbncév_e- groove. Thus, the
swirl that was generated is weakened by the cut-away.

OBJECTS AND SUMMARY OF THE INVENTION
An object _of the present 1invention is to overcome the
problem described above and to concentrate the intake air
brought into the combustion chamber near the ignition point
of the spark plug, as well as to generate strong swirling in
this area. '
In order to achieve these objects, the present
invention has intake air flowing through a cut-away section
formed on the projection on the piston end surface. The
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intake air flows over the outer perimeter portion of the
piston end surface and flows into the cavity via a section
facing the exhaust port.

In the piston for internal combustion engines according
to the present invention, a projection 1is formed on the end
surface of the piston at the section facing the intake port.
The projection extends over the end surface, separating the
intake port from the exhaust port. A cavity 1s dilsposed
closer toward the exhaust port than the projection, at a
position facing the ignition point of the spark plug. A
section of said projection that lies along the orientation of
said intake port 1is cut away. An 1intake flow passage 1s
formed on the piston end surface to allow the 1intake air
going through the cut-away section of the projection to flow
from the outer perimeter portion of the combustion chamber to

the cavity entry positioned near a section facing the exhaust
port.

With this structure, the intake air flowing 1into the
combustion chamber from the intake port passes through the
cut-away section of the projection and flows over the outer
perimeter portion of the piston end surface near the area
facing the exhaust port, where it flows 1into the cavity via
the cavity entry formed there. Thus, the 1intake air 1s not
obstructed by the projection on the piston end surface and 1is
able to flow smoothly, concentrating in the cavity near the
ignition point of the spark plug. The 1intake alr then forms
swirls in the cavity. Since the cut-away section of the
projection is disposed away from the cavity, the swirling
formed in the cavity 1s not weakened by the cut-away section.
Thus, a strong swirling effect is provided.

It would be desirable for the cavity to be formed in a
substantially circular shape when seen from above, and 1it
would be desirable for the cavity entry of the intake flow

passage to be oriented along a tangent line of the circular
cavity. This would provide an even stronger swirling effect
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in the cavity.

Furthermore, it would also be desirable for the section
of the piston end surface that serves as the bottom surface
of the intake flow passage to be formed as a flat surface
from the cut-away section of the projection to the cavity
entry. This prevents the intake flow along the intake flow
passage. from becoming disturbed, thus preventing the swirling
from being weakened. ’

Furthermore, it would be desirable for the cut-away
section of the projection to be extended to the outer
perimeter edge of the' piston end surface. This prevents the
intake flow there from being disturbed by squishing.

The piston can be used in internal combustion engines
with two intake ports comprising a first intake port having
an intake valve that is always active and a second intake
port having an intake valve that 1s at rest under light loads.
In this case, a partition wall separates first and second
intake passages connected to the first and second intake
ports respectively. A connecting aperture 1s formed on the
partition wall to make the 1intake passages continuous. The
cut-away section of the projection disposéd on the piston end
surface 1is positioned so that it 1is positioned in the
direction of the intake flow coming from the connecting
aperture. This provides a stronger swirling effect in the
combustion chamber.

In another aspect, the 1nvention provides an internal
combustion engine comprising first and second intake ports
on one side of an upper surface of a combustion chamber,
the first intake port having a first intake valve that is
always active and the second intake port having a second
intake valve that is inactive during light 1loads, the
first intake port being pointed toward the outer
perimeter of the combustion chamber, an exhaust port

disposed on the other side, and an ignition point of a

spark plug disposed at a central section, a piston of the

lnternal combustion engine comprising a projection disposed

on an end surface of the piston, the projection being

4
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disposed to one side of a centerline of the piston end

surface facing the first and second 1intake ports, the
projection extending over the end surface and Dbelng
positioned between the first intake port and the exhaust
port, a cavity disposed on the end surface of the piston at
a position facing the ignition point of the spark plug, the
cavity including a cavity entry positioned near a section
facing the exhaust port, a cut-away section formed on a
portion of the projection lying along the orientation of

the fir'st intake port, and a portion of the end surface ot
‘ the piston defining the lower surface of an intake flow
passage, the intake flow passage being formed so that flow
from the first intake port flows through the cut-away

section of the projection, along the outer perimeter of the

piston end surface and flows into the cavity via the cavity

entry.

The above, and other objects, features and advantages
of the present invention will become apparent from the
following description read in éonjunction with  the
accompanying drawings, in which 1like reference numerals
designate the same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a plan drawing of a piston end surface
showing one example of a piston for internal combustion
engines according to the present invention.

4a
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Fig. 2 1s a vertical cross-section drawing along the
II-II line in Fig. 1 showing an example of an 1internal

combustion engine in which the piston 1s used.
Fig. 3 1s a vertical cross—-section drawing of the
internal combustion engine along the III-III line in Fig. 1.
Fig. 4 is a bottom-view drawing of the cylinder head
that forms the upper surface of the combustion chamber in the
internal combustion engine.
[Description of the numerals]

1 combustion chamber
2 cylinder block

3 cylinder head

3a, 3b roof surface (upper surface of combustion
chamber)

5 piston

5a piston end surface
61 first intake port
62 second intake port
71, 72 exhaust port
81 first intake valve
82 second intake valve

10 spark plug

11 ignition point of spark plug
121 first intake passage

122 second intake passage

14 partition wall

15 connecting aperture
16 projection

17 cavity

18 cut—-away section

19 intake flow passage
20 cavity entry

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, the following 1s a
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description of the embodiments of the present invention.

The drawings show one example of a piston for internal
combustion engines according to the present invention. Fig. 1
is a plan drawing of the end surface of the piston. Fig. 2
and Fig. 3 are vertical cross-section drawings oIl an internal
combustion engine in which the piston is used. Fig. 4 1s a
bottom-view drawing of a cylinder head, that forms the upper
surface of the combustion chamber of the internal combustion
engine.

As Fig. 2 and Fig. 3 show, the internal combustion
engine is a gasoline engine for automobiles and 1includes a
roof-shaped combustion chamber 1. Combustion chamber 1 1s
defined by: the bottom surface of a cylinder head 3 attached
to the top of a cylinder block 2; an 1inner surface of a
cylinder bore 4 disposed in cylinder block 2; and an end
surface 5a of a piston 5, which 1s slidably fitted in
cylinder bore 4. The bottom surface of cylinder head 3, which
forms the upper surface of combustion chamber 1, includes a
pair of roof surfaces 3a, 3b sloping to the left and right
respectively. Roof surfaces 3a, 3b are positioned so that
they face cylinder bore 4.

As shown in Fig. 4, a first intake port 61 and a second
intake port 62 are disposed side by side on roof surface 3a.
Oon roof surface 3b are disposed exhaust ports 71, 72. First
and second intake ports 61, 62 are opened and closed by first
and second intake valves 81, 82 respectively. Exhaust ports
71, 72 are opened and closed by exhaust valves 91, 92
respectively. An ignition point 11 of a spark plug 10 1s
disposed at a central section of the upper surface ot
combustion chamber 1.

On cylinder head 3 there are disposed a first intake
passage 121 and a second intake passage 122 which connect to
first intake port 61 and second intake port 62 respectively.
On cylinder head 3 there are also disposed exhaust passages
131, 132, which connect to exhaust ports 71, 72 respectively.
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The end of first intake passage 121, i.e., the portion
adjacent to first intake port 61, 1s formed arcuate soO that
it points substantially in the direction of the tangent of
the outer perimeter of combustion chamber 1. Thus, the intake
air flowing from first intake port 61 into combustion chamber
1 is made to flow toward the outer perimeter of combustion
chamber 1.

First intake valve 81, which opens and closes first
intake port 61, 1is always active, 1n the same manner as
standard intake valves. Second intake valve 82, which opens
and closes second intake port 62, is inactive when the engine
has a light load. A partition wall 14 is formed between first
and second intake passages 121, 122. A connecting aperture 15
provides continuity between 1intake passages 121, 122 and
guides the intake air flowing through second intake passage
122 into first intake passage 121 when second intake valve 82
is at rest. The intake air that flows through connecting
aperture 15 is oriented in substantially the same direction
as the intake air flowing into combustion chamber 1 from
first intake port ol.

As Fig. 1 through Fig. 3 show, a projection 16 1s
formed at an end surface 5a of piston 5. Projection 16 1s
positioned slightly away from the center toward the side
under intake ports 61, 62. The ridge of projection 16 extends
across end surface 5a so as to separate intake ports 61, 62
from exhaust ports 71, 72, and is substantially parallel to
the axis of a piston pin p. A cavity 17 is disposed on end
surface 5a at the base of projection 16 toward the side under
exhaust ports 71, 72. The bottom of cavity 17 1is formed as a
spherical surface. As the plan drawing in Fig. 1 shows,
cavity 17 has a substantially circular shape that 1is slightly
elongated sideways. An ignition point 11 of a spark plug 10
is positioned so that it faces cavity 17.

The section of projection 16 that intersects with the
intake flow coming in from first intake port 61 1s cut away
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all the way to the outer perimeter edge of end surface 5a of
piston 5, forming a cut-away section 18. Cut-away section 18
extends along the outer perimeter of piston end surftace Sa up
to the area under exhaust port 71. An 1ntake flow passage 19
is formed on cut-away section 18. The portion of the piston
end surface that forms the bottom surface of 1ntake flow
passage 19 is formed as a flat surface all the way to the
outer perimeter edge of piston end surface 5a. Intake flow
passage 19 1is continuous with cavity 17 1n the area under
exhaust port 71. A portion of intake flow passage 19 under
exhaust port 71 forms an entry 20 into cavity 17. As shown in
the plan drawing, cavity entry 20 points substantially 1in the
direction of the tangent of the outer perimeter of cavity 17.

As shown in Fig. 4, flat portions 21 are disposed on
the bottom surface of cylinder head 3 at the periphery of
combustion chamber 1. Flat portions 21 form squish zones when
piston 5 reaches top dead center. However, this type of flat
portion 1is not formed at the section where 1intake flow
passage 19 is formed, 1.e. between first intake port 61 and
exhaust port 71. Intake flow passage 19 1s formed at the
outer perimeter edge of piston end surface b5a, extending to
the outer perimeter surface of combustion chamber 1. This
prevents squishing from taking place at intake flow passage
19.

Depressions 22, 22 are formed on end surface 5a of
piston 5 to allow intake valves 81, 82 to lift when piston 5
is near the top dead center point.

The following 1s a description of how the internal
combustion engine with two 1intake ports as described above
operates.

When the engine 1s under a heavy load, both first and
second 1intake valves 81, 82 are active. Thus, intake air
flows into combustion chamber 1 from both first and second

intake ports 61, 62. This 1large amount of intake air
generates a high output.
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When the engine is under a light load, second 1intake
valve 82 is at rest, and only first intake valve 81 1is active.
Thus, intake air flows into combustion chamber 1 only from
first intake port 61. When this is the case, the intake air
flowing through second intake passage 122 is let 1in to first
intake passage 121 wvia connecting aperture 15 and, together
with the intake air in first intake passage 121, flows 1into
combustion chamber 1 from first intake port 61. As a result,
the flow is relatively fast even though the amount of intake
air going into combustion chamber 1 is small. Since both
connecting aperture 15 and first intake port 61 point toward
the outer perimeter of combustion chamber 1, the intake air
flowing into combustion chamber 1 swirls along the outer
perimeter of combustion chamber 1, creating a swirl effect.

If projection 16 on piston end surface 5a were to be
disposed in the way of first intake port 61, the intake air
flowing into combustion chamber 1 from intake port 61 would
be obstructed and disturbed by projection 16. However, with
this piston 5, the portion of projection 16 that would be 1in
the way of first intake port 61 is cut away, leaving the flow
of intake air undisturbed.

In this manner, the intake air flowing from first
intake port 61 into combustion chamber 1 passes through
intake flow passage 19, which extends from cut-away section
18 of projection 16 to the outer perimeter portion of piston
end surface 5a, and flows toward the side below exhaust port
71. Then, this intake air flows through cavity entry 20 and
into cavity 17. Since the bottom surface of 1intake flow
passage 19 forms a flat surface that extends from cut-away
section 18 of projection 16 to cavity entry 20, the 1intake
air is able to flow very smoothly. Intake flow passage 19,
which includes cut-away section 18 of projection 16, extends
to the outer perimeter edge of piston end surface 5a. The

bottom surface of <cylinder head 3 that forms the upper
surface of intake flow passage 19 1is not formed with a flat
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portion to form a squish zone. Thus, even when piston 5
approaches top dead center, squlishing does not take place at
intake flow passage 19, and the intake air flow 1is prevented
from being disturbed by squishing. This prevents the swirl
effect formed within combustion chamber 1 from being weakened.

As described above, the intake air flowing on piston
end surface 5a flows from cavity entry 20 of intake flow
passage 19 into cavity 17. Cavity entry 20 is oriented in the
direction of the outer perimeter tangent of cavity 17, which
is substantially circular when seen from above. Thus, the
intake air flowing into cavity 17 1s able to generate an even
stronger swirl effect inside cavity 17.

Projection 16 is disposed on end surface 5a of piston 5,
and flat portions 21 are disposed on the bottom surface of
cylinder head 3 at the periphery of combustion chamber 1.
When piston 5 1s near top dead center, the volume of
combustion chamber 1 1is small. As a reSult, a large portion
of the 1intake air flowing into combustion chamber 1 1is
concentrated in cavity 17, and cavity 17 1s positioned under
ignition point 11 of spark plug 10.

Thus, the intake air flowing into combustion chamber 1

ig8 concentrated around ignition point 11 of spark plug 10,
and a strong swirl effect 1is formed there. As a result, the

combustion properties are significantly improved, and the
air/fuel ratio for the intake air can be increased.

In the embodiment described above, piston 5 is used in
an internal combustion engine with two intake ports where
intake valve 82 is at rest during light loads. However, the
piston according to the present 1invention is not restricted
to this i1mplementation. For example, the present 1invention
can be used 1n 1nternal combustion engines with two intake
ports where both intake valves 81, 82 are always active. In
this case, second 1ntake passage 122 can be sealed during

light loads. Also, first and second intake ports 61, 62 can
be formed pointing in the same direction.

10
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Furthermore, 1t would also be possible to use an
internal combustion engine with a single intake port, where
the single 1ntake port 1is pointing in a direction away from
the center of combustion chamber 1.

Having described preferred embodiments of the invention
with reference to the accompanying drawings, it is to be
understood that the invention 1s not limited to those precise
embodiments, and that various changes and modifications may
be effected therein by one skilled in the art without
departing from the scope or spirit of the invention as
defined i1n the appended claims.

~ As the description above makes clear, the present
invention 1includes a projection and a cavity disposed on an
end surface of a piston. A cut-away section is disposed at a
section lying in the direction of the intake port. Intake air
flowing into the combustion chamber is guided to the outer
perimeter of the piston end surface via the cut-away section.
The 1intake air then flows into the cavity, which is disposed
away from the cut-away section. Thus, the intake air can be
concentrated in the cavity, which is near the ignition point
of the spark plug, and the swirl effect generated in the
cavity 1is not weakened by the cut-away section, resulting in
the formation of a strong swirl effect. This provides an
internal combustion engine having significantly improved,
high output, and efficient fuel consumption.

11
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F

The embodiments of the i1nvention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. An 1nternal combustion engine comprising first and
second intake ports on one side of an upper surface of a
combustion chamber, said first i1ntake port having a first
intake valve that 1is always active and said second intake
port having a second 1ntake valve that is inactive during
light loads, said first intake port being pointed toward

e

the outer perimeter of said combustion chamber, an exhaust

port disposed on the other side, and an ignition point of a
spark plug disposed at a central section, é piston of said
internal combustion engine comprising:

a projection disposed. on an end surface of said piston,
sald projection being disposed to one side of a centerline
of said piston end surface facing the first and second
intake ports, said projection extending over said end
surface and being positioned between said first intake port
and said exhaust port;

a cavity disposed on said end surface of said piston at a
position facing said ignition point of said spark plug,
sald cavity including a cavity entry positioned near a

section facing said exhaust port;

a cut-away section formed on a portion of said'projeCtion
lying along the orientation of said first intake port; and
a portion of said end surface of said piston defining the
lower surface of an intake flow passage, said intake flow
- passage being formed so that flow from said first intake
port flows through said cut-away section of said

projection, along the outer perimeter of said piston end

surface and flows into said cavity via said cavity entry.

12
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2. An internal combustion engine as claimed in claim 1,

wherein:

said cavity is formed generally in the shape of a circle

when seen from above; and

sald cavity entry which is an end of said intake flow

passage 1s oriented generally in the direction of a tangent

 and

line of said circular cavity.

3. An internal combustion engine as claimed in claim 1 or

2, wherein:

sald portion of said piston and surface defining the

lower surface of said intake flow passage 1s formed as a

flat surface extending from said cut-away section of said

projection to said cavity entry.

4 . An 1nternal combustion engine as claimed in any one of

claims 1 to 3, wherein:

sald cut-away section of said projection extends to the

outer perimeter edge of said piston end surface.

5, An internal combustion engine as claimed in any one of
claims 1 to 4, wherein:

salid internal combustion engine comprises a partition
wall separating a first and second intake passage, which
are continuous withisaid first and second intake ports
respectively, said partition wall being formed with a
connecting aperture providing continuity between said
intake passages; and

said cut-away section of said projection is oriented in

the direction of the flow going through said connecting

aperture.

13
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