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(57) Abstract: An engine that can suppress decrease in a
function of causing an unburned gas to remain in a combus -
tion chamber is provided. An engine 12 has a combustion
chamber 18 provided inside a cylinder 19, in which an ex-
haust port 32 connected to the combustion chamber 18 is
opened and closed by a piston 22 reciprocating inside the
cylinder 19. The engine 12 includes: a first exhaust passage
31 provided in the cylinder 19 and connected to the exhaust
port 32; an opening 31a formed on the downstream end of
the first exhaust passage 31 in a direction of discharge of a
combustion gas discharged from the exhaust port 32; and a
second exhaust passage 36 connected to the opening 31a via
a connection passage 41. The center E of the connection
passage 41 in a cylinder axial direction and the center C of
the opening 31a in the cylinder axial direction are arranged
at different positions from each other in the cylinder axial
direction.
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Description

Title of Invention: ENGINE AND PORTABLE WORKING

[0001]

[0002]

[0003]

[0004]

MACHINE
Technical Field

The present invention relates to an engine used as a power source in a portable
working machine such as a chainsaw and a cutter, and to a portable working machine

equipped with the engine.
Background Art

For most of portable working machines such as chainsaws and cutters, an engine
serving as a power source is required to have high power, to be downsized, and to be
light, and therefore, usage of a two-stroke one-cycle engine as the power source is
mainstream. In the two-stroke one-cycle engine, unburned gas is discharged from an
exhaust port of a combustion chamber during the exhaust and scavenging processes in
the engine, and the exhaust gas property is deteriorated. Accordingly, in order to
suppress the deterioration of the exhaust gas property in the two-stroke one-cycle
engine, a catalytic method, an air-lead scavenging method, an exhaust-pulse method,
etc., are adopted.

In the catalytic method, a catalyst is arranged in a discharge passage of the exhaust
gas for purifying the exhaust gas. The air-lead scavenging method is a method of
leading air in a scavenging passage to the combustion chamber during the exhaust and
scavenging processes of the engine before the unburned gas is discharged from the
combustion chamber. Also, the exhaust-pulse scavenging method is a method of
causing the unburned gas to remain in the combustion chamber by propagating a
pressure wave of a combustion gas, that is discharged from the exhaust port, to the
exhaust port at a later stage of the exhaust process of the engine. The patent literature 1
describes an example of an engine having a structure which suppresses the dete-
rioration of the exhaust gas property by the exhaust-pulse scavenging method of the
above-described methods and an example of a portable working machine equipped
with the engine.

This engine described in the patent literature 1 has an exhaust pipe provided on
downstream of the exhaust port and a branch pipe branched from the exhaust pipe. A
downstream end of the exhaust pipe is connected to outside of a muffler via an
expansion chamber. In the engine described in the patent literature 1, the exhaust gas is
discharged from the combustion chamber to the exhaust pipe, pressure inside the
expansion chamber is propagated through the exhaust pipe to the vicinity of the

exhaust port right before the end of the exhaust process, and the pressure reflected
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[0006]
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inside the branch pipe is propagated through the exhaust pipe to the vicinity of the
exhaust port. Thus, the pressure in the vicinity of the exhaust port right before the end
of the exhaust process is lifted up, and the unburned gas remains inside the combustion
chamber, so that the deterioration of the exhaust gas property can be suppressed, and
the engine power can be improved.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open Publication No. 2012-67668
Summary of Invention

Technical Problem

However, in order to suppress the outflow of the exhaust gas, it is required to further
enhance the effect of the propagation of the pressure wave.

A preferred aim of the present invention is to provide an engine that further improves
a function of causing the unburned gas to remain in the combustion chamber and
provide a portable working machine equipped with the engine.

Solution to Problem

An engine according to an embodiment is an engine having a combustion chamber
provided inside a cylinder, in which an exhaust port connected to the combustion
chamber is opened and closed by a piston reciprocating inside the cylinder. The engine
includes: a first exhaust passage provided in the cylinder and connected to the exhaust
port; an opening formed on a downstream end of the first exhaust passage in a
direction of discharge of the combustion gas discharged from the exhaust port; and a
second exhaust passage connected to the opening via a connection passage, and center
of the connection passage in a cylinder axial direction and center of the opening in the
cylinder axial direction are arranged at different positions from each other in the
cylinder axial direction.

A portable working machine according to another embodiment is a portable working
machine including: an engine in which a combustion chamber is provided inside a
cylinder and an exhaust port connected to the combustion chamber is opened and
closed by a piston reciprocating inside the cylinder, and an operating member that is
operated by power transmitted from the engine to the operating member. In the
portable working machine, the engine includes: a first exhaust passage provided in the
cylinder and connected to the exhaust port; an opening formed on a downstream end of
the first exhaust passage in a direction of discharge of the combustion gas discharged
from the exhaust port; and a second exhaust passage connected to the opening via a
connection passage, and a center of the connection passage in a cylinder axial direction

and a center of the opening in the cylinder axial direction are arranged at different
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[0011]

[0012]

positions from each other in the cylinder axial direction.
Advantageous Effect of Invention

According to an engine of the present invention, pressure wave to be propagated
from the second exhaust passage through the connection passage to the exhaust port is
easily propagated to the exhaust port, so that decrease in the function of causing the
unburned gas to remain in the combustion chamber can be suppressed.
Brief Description of Drawings
[fig. 1]FIG. 1 is a front cross-sectional view illustrating a portable working machine
having an engine of the present invention;
[fig.2]FIG. 2 is an enlarged cross-sectional view illustrating a structural example of the
engine of the present invention;
[fig.3]FIG. 3 is an outline view of the engine illustrated in FIG. 1;
[fig.4]FIG. 4 is an exploded view partially illustrating a cylinder and a muffler of the
engine illustrate in FIG. 1;
[fig.5]FIG. 5 is a schematic view illustrating an operation of the engine of the present
invention;
[fig.6]FIG. 6 is a schematic view illustrating the operation of the engine of the present
invention;
[fig.7]FIG. 7 is a schematic view illustrating the operation of the engine of the present
invention;
[fig.8]FIG. 8 is a schematic view illustrating the operation of the engine of the present
invention;
[fig.9]FIG. 9 is a schematic view illustrating the operation of the engine of the present
invention;
[fig. 10]FIG. 10 is an enlarged cross-sectional view illustrating another structural
example of the engine of the present invention;
[fig. 11]FIG. 11 is an enlarged cross-sectional view illustrating another structural
example of the engine of the present invention;
[fig.12]FIG. 12 is an enlarged cross-sectional view illustrating another structural
example of the engine of the present invention; and
[fig.13]FIG. 13 is an enlarged cross-sectional view illustrating another structural
example of the engine of the present invention.
Description of Embodiments

Embodiments of an engine of the present invention and embodiments of a portable
working machine equipped with the engine will be described in detail with reference to
FIGs. 1 to 4. FIG. 1 illustrates a cutter 10 working as the portable working machine,

and the cutter 10 includes a body case 11; an engine 12 provided inside the body case
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[0013]

[0014]

[0015]
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11; and a cutter blade 13 provided outside the body case 11. The cutter blade 13 cor-
responds to an operating member of the present invention. The cutter blade 13 is
supported so as to be able to rotate, and is provided with a cover 14 for covering the
cutter blade 13. A front handle 15 and a rear handle 16 are attached to outside of the
body case 11, so that a worker can lift the cutter 10 with holding these front handle 15
and rear handle 16. Note that the rear handle 16 is provided with a throttle lever 17.
The throttle lever 17 is provided for adjusting the number of revolutions of the engine
12 by the worker.

The engine 12 is an internal-combustion engine that burns a fuel-air mixture obtained
by mixing a fuel and air in a combustion chamber 18 to generate power. The engine 12
has a cylinder 19, a muffler 20, and a fuel supply system 21. Inside the cylinder 19, a
piston 22 is provided so as to be able to reciprocate in a direction along a center line A,
The direction along the center line A is the cylinder axial direction in the present
invention. In FIGs. 1 and 2, the combustion chamber 18 is formed above the piston 22
inside the cylinder 19. Also, the cylinder 19 is provided with a spark plug 23 exposed
to the combustion chamber 18. Further, a scavenging port 24 is formed on an inner
surface of the cylinder 19, and the scavenging port 24 is connected to a crank chamber
25 via a scavenging passage.

Meanwhile, a crankcase 26 is provided below the cylinder 19, and the crank chamber
25 is formed inside the crankcase 26. A crank shaft 27 is provided to the crank
chamber 25 so as to be able to rotate, and a conrod (connecting rod) 28 is provided
from the inside of the cylinder 19 to the crank chamber 25. The conrod 28 has one end
connected to the crank shaft 27 and the other end connected to the piston 22.

An air inlet pipe 29 is attached to the cylinder 19, an air intake passage 30 provided
inside the air inlet pipe 29 is connected to the crack chamber 25. The fuel supply
system 21 is provided on the upstream side upper than the air intake passage 30 in a
direction of flow of air supplied to the air intake passage 30, and the fuel-air mixture
consisting of the fuel and the air is supplied to the crank chamber 25 through the air
intake passage 30. A first exhaust passage 31 is provided so as to penetrate through the
cylinder 19 from its inner surface to its outer surface, and an exhaust port 32 is
provided so as to connect the first exhaust passage 31 to inside of the cylinder 19.

The exhaust port 32 is opened and closed by the movement of the piston 22. When
the piston 22 moves in a first moving direction along the center line A in FIG. 1, that
is, when the piston 22 moves up inside the cylinder 19, the exhaust port 32 is closed by
the piston 22. On the other hand, when the piston 22 moves in a second moving
direction along the center line A in FIG. 1, that is, when the piston 22 moves down
inside the cylinder 19, the exhaust port 32 is opened by the piston 22.

The muffler 20 has an exhaust pipe 33, a branch pipe 34, a first expansion chamber
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35, and a second expansion chamber 44. A second exhaust passage 36 is formed inside
the exhaust pipe 33. The second exhaust passage 36 is connected to a downstream end
of the first exhaust passage 31 in a direction of flow of an exhaust gas discharged from
the exhaust port 32 to the first exhaust passage 31. A cross-sectional area of the first
exhaust passage 31 is wider as the first exhaust passage 31 is closer to the second
exhaust passage 36 in the direction of flow of the exhaust gas. As illustrated in FIG. 4,
in a side view of the first exhaust passage 31, the opening shape of the first exhaust
passage 31 is approximately rectangular.

Also, a center line B of the first exhaust passage 31 in a top-and-bottom direction of
the first exhaust passage 31 is extended so as to cross the center line A at a non-right
angle. The center line B is tilted in a direction in which the center line B is farther
away from a horizontal line as the center line B is closer to the second exhaust passage
36 in the direction of flow of the exhaust gas inside the first exhaust passage 31. More
specifically, in state in which the center line A of the piston 22 extends along a vertical
line, a center C of the downstream end of the first exhaust passage 31 is at a position
lower than a center D of the exhaust port 32.

Meanwhile the second exhaust passage 36 is extended substantially horizontally from
the most upstream end toward the downstream side in the direction of flow of the
exhaust gas, and then, is further extended downward through a curved part. The most
downstream end of the second exhaust passage 36 is connected to the first expansion
chamber 35. A cross-sectional area of the second exhaust passage 36 is wider as the
second exhaust passage 36 is closer to the first expansion chamber 35 in the direction
of flow of the exhaust gas. Further, the first expansion chamber 35 is a space
surrounded by a wall member 37 and a partition wall 38. The partition wall 38 is
provided with a third exhaust passage 39. The third exhaust passage 39 connects the
first expansion chamber 35 to the second expansion chamber 44, and the second
expansion chamber 44 communicates with the outside of the muffler 20 via a fourth
exhaust passage 45.

The engine 12 of the present invention has a feature of a structure of a connecting
part between the cylinder 19 and the muffler 20. The structure of the featured part of
the engine 12 will be sequentially described below.

(First Embodiment)

A first embodiment of the engine 12 will be described with reference to FIG. 2. First,
an opening 31a is formed on the downstream end of the first exhaust passage 31. Also,
a gasket 40 is interposed between the wall member 37 and the cylinder 19. An opening
41 penetrating through the wall member 37 in a thickness direction is provided, and an
opening 42 penetrating through the gasket 40 in a thickness direction is provided. The

opening 41 corresponds to a connection passage of the present invention, and the first
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exhaust passage 31 is connected to the second exhaust passage 36 via the two openings
41 and 42. An opening 36a is formed on the upstream end of the second exhaust
passage 36. A cross-sectional area of the opening 41 is larger than the largest value of
a cross-sectional area of a branch passage 34a. In this specification, note that the
"upstream" and the "downstream" means the "upstream" and the "downstream" in the
direction of discharge of the combustion gas discharged from the exhaust port 32.

Further, a part of the exhaust pipe 33 is arranged in the first expansion chamber 35,
and a flange 43 is provided to an end of an outer peripheral surface of the exhaust pipe
33 on the first exhaust passage 31 side. The flange 43 is an annular body protruding
outward from the outer peripheral surface of the exhaust pipe 33, and the gasket 40 and
the wall member 37 are interposed between the flange 43 and the cylinder 19. And, a
screw member is inserted into a hole formed in the flange 43, and is tightened, so that
the exhaust pipe 33, the wall member 37, and the gasket 40 are to fixed.

Each of a shape of the opening 31a of the first exhaust passage 31, a shape of the
opening 42 of the gasket 40, and a shape of the opening 36a of the second exhaust
passage 36 is substantially rectangular, and four corners of each opening is curved.
And, the openings 31a, 36a, and 42 are the same as each other in an opening width.
Here, the opening width is a width in the cylinder axial direction, that is, a width in the
direction along the center line A. Also, in the direction along the center line A, upper
and lower edges of the openings 31a, 36a, and 42 are at the same position as each
other. On the other hand, the opening width of the opening 41 provided in the wall
member 37 is narrower than the opening width of each of the openings 31a, 36a, and
42.

Also, in the direction along the center line A, the upper edge of the opening 41 is at
the same position as a position of the upper edge at which each of the openings 31a,
36a, and 42 is formed. Further, in the direction along the center line A, the lower edge
41b at which the opening 41 is formed is at a different position from a position of the
lower edge at which each of the openings 31a, 36a, and 42 is formed.

That is, the lower edge 41b of the opening 41 is protruded upward by a prede-
termined degree from the lower edge 31c of the opening 31a and the lower edge of the
second exhaust passage 36. And, in the direction along the center line A, a center E of
the opening 41and the center C of the opening 31a are arranged at different positions
from each other. In more specific explanation, a length from the center E to the upper
edge 32a of the exhaust port 32 in the direction along the center line A is shorter than a
length from the center C to the upper edge 32a. The upper edge 32a of the exhaust port
32 is an upper end of a part from which the exhaust port 32 is opened when the piston
22 moves toward a top dead center. In this manner, in the direction along the center

line A, the center E is arranged upper than the center C.
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Further, the branch passage 34a is provided inside the branch pipe 34. In the
direction of flow of the exhaust gas, the second exhaust passage 36 is substantially hor-
izontally arranged in an area from the opening 36a of the second exhaust passage 36 to
a part where the second exhaust passage 36 is connected to the branch passage 34a,
and a center line F of the second exhaust passage 36 in this area is at the same level as
that of the center C of the opening 31a of the first exhaust passage 31. In other words,
the center line B and the center line F intersect at the center C. Also, the center line F is
at a position lower than the center E of the opening 41.

The branch passage 34a is branched from the second exhaust passage 36, and is
extended upward from the branching point. Then, the branch passage 34ais sub-
stantially horizontally extended, and then, is extended downward, and an end thereof
opposite to the second exhaust passage 36 is closed. A cross-sectional area of the
branch passage 34a is constant from the second exhaust passage 36 to the closed end in
the direction of flow of the exhaust gas. Note that the end of the branch passage 34a
opposite to the second exhaust passage 36 may be closed or may be connected to the
first expansion chamber 35 via a hole with a small diameter. In other words, the branch
passage 34a may have only a structure that the pressure wave of the exhaust gas
propagated from the second exhaust passage 36 can be reflected to the second exhaust
passage 36.

In a case that the engine 12 structured as described above is rotated at the normal
number of revolutions such as 9,000 rpm, the flow of the exhaust gas inside the engine
12 and inside the muffler 20 and a propagation state of the pressure wave of the
exhaust gas will be described with reference to FIGs. 1, 2, and 5 to 9. As illustrated in
FIG. 5, the piston 22 moves up toward the top dead center, and closes both of the
scavenging port 24 and the exhaust port 32, so that a pressure inside the combustion
chamber 18 increases, and ignition control is performed to the spark plug 23 at prede-
termined timing, which results in burning the air-fuel mixture in the combustion
chamber 18, that is, causing the air-fuel mixture to explode.

By the above-described explosion process, a temperature and a pressure inside the
combustion chamber 18 become high, and besides, the piston 22 is moved down.
When the exhaust port 32 is opened as illustrated in FIG. 6 by the moving down of the
piston 22, the combustion gas in the combustion chamber 18 is discharged through the
exhaust port 32 and the first exhaust passage 31 to the second exhaust passage 36. In
this exhaust process, a positive pressure wave propagates to the second exhaust
passage 36 and the branch passage 34a as indicated with an arrow G. When the
positive pressure wave propagated from the second exhaust passage 36 to the first
expansion chamber 35 reaches the most downstream end of the second exhaust passage

36, the positive pressure wave reverses as a negative pressure wave, and propagates in
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a reverse direction, that is, in a direction indicated with an arrow H as flowing back
inside the second exhaust passage 36.

Meanwhile, the positive pressure wave propagated into the branch passage 34a
reaches the downstream end of the branch passage 34a and is reflected thereon, and the
reflected positive pressure wave propagates in a direction indicated with an arrow J as
returning through the branch passage 34a toward the second exhaust passage 36.
During the above-described operation, the scavenging port 24 is closed by the piston
22.

When the scavenging port 24 is opened by further moving down of the piston 22 as
illustrated in FIG. 7, the fuel-air mixture inside the crank chamber 25 is sucked into the
combustion chamber 18 via the scavenging port 24, and besides, the combustion gas
inside the combustion chamber 18 is discharged to the first exhaust passage 31. That is,
an air intake process and a scavenging process are simultaneously performed. At an
initial stage at which the scavenging port 24 is opened, such a negative pressure wave
in the direction indicated with the arrow H as returning and propagating inside the
second exhaust passage 36 and such a positive pressure wave in the direction indicated
with the arrow J as being reflected and propagating inside the branch passage 34a are
synthesized with each other. As a result, back pressures of the exhaust port 32 and the
first exhaust passage 31 are decreased.

From a period that the opening of the exhaust port 32 to a period that the piston 22
reaches a bottom dead center, the combustion gas inside the combustion chamber 18 is
discharged through the exhaust port 32, the first exhaust passage 31, and the second
exhaust passage 36 to the first expansion chamber 35, and besides, the combustion gas
is discharged from first expansion chamber 35 through the second expansion chamber
44 to the outside of the muffler 20.

On the other hand, when the piston 22 reaches the bottom dead center and the
movement direction thereof is reversed, which results in moving up of the piston 22 to
close the scavenging port 24, the positive pressure wave of the combustion gas
remaining inside the first expansion chamber 35 is propagated to the second exhaust
passage 36 as indicated with an arrow K in FIG. 8. And, a part of the positive pressure
wave propagated to the second exhaust passage 36 after passing through the branching
point between the second exhaust passage 36 and the branch passage 34a is propagated
into the branch passage 34a, and the rest is propagated toward the first exhaust passage
31. As a result, pressures in the first exhaust passage 31 and the exhaust port 32 are
increased.

The positive pressure wave propagated to the branch passage 34a is reflected on the
downstream end of the branch passage 34a, and is returned to the second exhaust

passage 36. And, from a period that the scavenging port 24 is closed by the moving up
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of the piston 22 to a period that the exhaust port 32 is closed, a part of the positive
pressure wave reflected inside the branch passage 34a is propagated to the first exhaust
passage 31 as indicated with an arrow L in FIG. 9. Therefore, the first exhaust passage
31 and the exhaust port 32 are maintained in a highly pressurized state.

When the exhaust port 32 is closed by further moving up of the piston 22, the
procedure proceeds to a compressing process for compressing the fuel-air mixture
inside the combustion chamber 18, and then, returns to the above explosion process.
Hereinafter, the explosion process, the exhaust process, the scavenging process, and
the air intake process are repeated so as to convert the reciprocating power of the
piston 22 into the torque of the crank shaft 27. The engine 12 according to this em-
bodiment is the so-called two-stroke one-cycle engine in which one cycle of the air
intake process, the scavenging process, the compressing process, the explosion
process, and the exhaust process is performed in the course of the two strokes of the
piston 22. And, the torque of the crank shaft 27 is transmitted to the cutter blade 13 via
a power transmission mechanism so as to rotate the cutter blade 13.

As described above, according to the engine 12 of this embodiment, from the period
that the exhaust port 24 is closed by the moving up of the piston 22 to the period that
the exhaust port 32 is closed, both of the positive pressure wave propagated from the
first expansion chamber 35 to the second exhaust passage 36 and the positive pressure
wave reflected inside the branch passage 34a and propagated to the second exhaust
passage 36 are propagated to the first exhaust passage 31 and the exhaust port 32, so
that the pressure in the exhaust port 32 can be maintained to be high.

Therefore, a fresh gas, i.e., unburned gas to be flown from the combustion chamber
18 though the exhaust port 32 to the first exhaust passage 31 can be pushed back into
the combustion chamber 18. In other words, the blowing of the unburned gas through
it is suppressed by utilizing the pressure pulsation of the exhaust gas inside the muffler
20. Therefore, the deterioration of the exhaust gas property in the engine 12 can be
suppressed, and the power of the engine can be improved.

More particularly, in the engine 12 of this embodiment, the opening 41 is provided
between the first exhaust passage 31 and the second exhaust passage 36, and the center
E of the opening 41 is at such a position as being closer to the upper edge 32a of the
exhaust port 32 than the center C of the opening 31a in the direction along the center
line A. That is, when the piston 22 moves toward the top dead center, the distance
between the part where the exhaust port 32 is opened and the center E of the opening
41 can be shortened as short as possible.

Therefore, a direction of the pressure wave to be propagated from the second exhaust
passage 36 to the first exhaust passage 31 is easy to be polarized or oriented toward the

part of the exhaust port 32 where it is opened. In other words, the lower edge 41b of
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the opening 41 works as a weir for easily concentrating the pressure wave on the
exhaust port 32. Hence, in the engine 12, the performance of causing the unburned gas
to remain inside the combustion chamber 18 is further improved.

Also, the cross-sectional area of the opening 41 provided in the wall member 37 can
be set within a range from 0.7 to 1.3 times the maximum value of the cross-sectional
area of the exhaust port 32. The maximum value of the cross-sectional area of the
exhaust port 32 means the maximum value of the cross-sectional area obtained from
the period that the scavenging port 24 is closed in the course of the moving up of the
piston 22 to the period that the exhaust port 32 is closed. And, in the exhaust process of
the engine 12, that is, when the exhaust port 32 is opened by the moving down of the
piston 22, the cross-sectional area of the exhaust port 32 is wider as the piston 22
moves down lower. For this reason, even if the cross-sectional area of the opening 41
is set to be equal to or less than 1.0 time the maximum value of the cross-sectional area
of the exhaust port 32, the increase in the distribution resistance applied when the
combustion gas passes through the opening 41 can be suppressed.

Also, in the direction along the center line B of the first exhaust passage 31 and the
center line F of the second exhaust passage 36, the distance from the exhaust port 32 to
the lower edge 41b can be set between 20 mm and 50 mm. This is because the pressure
wave propagated from the second exhaust passage 36 to the first exhaust passage 31 is
concentrated to flow toward the exhaust port 32 in a concentrated manner.

Also, the wall member 37 which is a single component makes up the first expansion
chamber 35 and the opening 41. As a result, the increase in the number of components
of the engine 12 can be suppressed, and the increase in the manufacturing cost of the
engine 12 can be suppressed, so that the inexpensive engine 12 can be provided.

Further, in the direction of flow of the exhaust gas, the branch passage 34a is
connected to the middle of the second exhaust passage 36 in its length direction, and
therefore, the muffler 20 can be downsized. That is, in order to downsize the engine 12
according to the present invention or reduce a weight of the engine, even if the lengths
of the exhaust pipe 33 and the branch pipe 34 are shortened, even if the cross-sectional
area and the volume of the second exhaust passage 36 are reduced, or even if the cross-
sectional area and the volume of the branch passage 34a are reduced, the unburned gas
can be caused to remain inside the combustion chamber 18. In other words, both of the
effect of preventing the deterioration of the exhaust gas property of the engine 12 and
the effect of downsizing or reducing the weight of the engine 12 can be simultaneously
achieved.

Also, an effective length of the second exhaust passage 36 and an effective length of
the branch passage 34a can be set when the engine speed is the normal number of rev-

olutions, so that the pressure accumulated in the first expansion chamber 35 is
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propagated through the first exhaust passage 31 to the exhaust port 32 right before the
exhaust port 32 is closed by the moving up of the piston 22.

Further, it is preferred that the cross-sectional area of the opening 41 be larger than
the cross-sectional area of the most upstream end of the branch passage 34a. Such a
configuration can suppress a pressure loss caused by the distribution resistance when
the pressure wave reflected on the branch passage 34a and returned is propagated
through the opening 41 to reach the exhaust port 32. Hence, in the engine 12, the per-
formance of causing the unburned gas to remain inside the combustion chamber 18 can
be further improved.

(Second Embodiment)

Next, a second embodiment of the engine 12 will be described with reference to FIG.
10. In the engine 12 of FIG. 10, the opening 42 corresponds to the connection passage
of the present invention, and the opening 31a of the first exhaust passage 31 is
connected to the opening 36a of the second exhaust passage 36 via the openings 42 and
41. In the engine 12 illustrated in FIG. 10, the center M of the opening 42 of the gasket
40 is arranged at a position different from the center C of the opening 31a in the
direction along the center line A. More specifically, in the direction along the center
line A, a length from the center M of the opening 42 of the gasket 40 to the upper edge
32a of the exhaust port 32 is shorter than a length from the center C of the opening 31a
to the upper edge 32a of the exhaust port 32.

In other words, in the direction along the center line A, a length from the center M to
an opened part of the exhaust port 32 is shorter than a length from the center C to the
opened part of the exhaust port 32. In this manner, in the direction along the center line
A, the center M is arranged upper than the center C. Also, in the engine 12 of FIG. 10,
the center of the opening 41 and the center C of the opening 31a are at the same
position as each other in the direction along the center line A. Other structures of the
engine 12 of FIG. 10 are the same as those of the engine 12 of FIGs. 1 to 3.

The operation of the engine 12 of FIG. 10 is the same as the operation of the engine
12 described with FIGs. 5 to 9. Also, in the engine 12 of FIG. 10, in the direction along
the center line A, a length from the center M of the opening 42 to the upper edge 32a
of the exhaust port 32 is shorter than a length from the center C to the upper edge 32a
of the exhaust port 32.

As aresult, from the period that the scavenging port 24 is closed by the moving up of
the piston 22 to the period that the exhaust port 32 is closed, the pressure wave
propagated through the second exhaust passage 36 to the exhaust port 32 can be con-
centrated to the opened part of the exhaust port 32, and therefore, the same effect as the
effect of the first embodiment of the engine 12 can be obtained. Also, in the engine 12

of FIG. 10, the deterioration of the exhaust gas property can be prevented by designing
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an opening width of the opening 42 provided in the gasket 40 and a position of the
same in a height direction. Therefore, the increase in the number of components can be
prevented without providing a dedicated component. In the engine 12 of FIG. 10, note
that other structures than the structures of the position and the opening width of the
opening 42 of the gasket 40 can be designed to be the same as those of the engine 12 of
FIG. 2, and the same effect as the engine 12 of FIG. 2 can be obtained.

(Third Embodiment)

Next, a third embodiment of the engine 12 will be described with reference to FIG.
11. In the engine 12 illustrated in FIG. 11, in the direction of the center line A, the
lower edges of the openings 31a, 41, and 42 are at the same position as each other, and
the lower edge of the flange 43 protrudes upward from the lower edges of the openings
31la, 41, and 42. Also, an end of the exhaust pipe 33 on the first exhaust passage 31
side is bent so as to ride over the lower edge of the flange 43. That is, the cross-
sectional area of the opening 36a formed on the upstream end of the second exhaust
passage 36 is smaller than the cross-sectional area of each of the openings 31a, 41, and
42. This opening 36a corresponds to the connection passage of the present invention.

And, in the direction along the center line A, the center N of the opening 36a is
arranged at a position different from the center C of the opening 31a. More
specifically, in the direction along the center line A, a length from the center N of the
opening 36a to the upper edge 32a of the exhaust port 32 is shorter than a length from
the center C of the opening 31a to the upper edge 32a of the exhaust port 32. In this
manner, in the direction along the center line A, the center N is arranged upper than the
center C. Other structures of the engine 12 of FIG. 11 are the same as those of the
engine 12 of FIGs. 1 to 3.

The operation of the engine 12 of FIG. 11 is the same as the operation of the engine
12 described with FIGs. 5 to 9. Also, in the engine 12 of FIG. 11, in the direction along
the center line A, the length from the center N of the opening 36a to the upper edge
32a of the exhaust port 32 is shorter than the length from the center C of the opening
31a to the upper edge 32a of the exhaust port 32. In other words, in the direction along
the center line A, the distance between the opened part of the exhaust port 32 and the
center N is set to be small as short as possible.

As aresult, from the period that the scavenging port 24 is closed by the moving up of
the piston 22 to the period that the exhaust port 32 is closed, the pressure wave
propagated through the opening 36a of the second exhaust passage 36 to the exhaust
port 32 can be concentrated on the vicinity of the exhaust port 32, so that the same
effect as the effect of the first embodiment of the engine 12 can be obtained. Also, in
the engine 12 of FIG. 11, the deterioration of the exhaust gas property can be
prevented by designing the opening width of the opening 36a and the position thereof
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in height direction. Therefore, the increase in the number of components can be
prevented without providing a dedicated component. In the engine 12 of FIG. 11, other
structures than the structures of the position and the opening width of the opening 36a
can be designed to be the same as those of the engine 12 of FIG. 2, and the same effect
as the engine 12 of FIG. 2 can be obtained.

(Fourth Embodiment)

Next, a fourth embodiment of the engine 12 will be described with reference to FIG.
12. In the engine 12 illustrated in FIG. 12, in the direction of the center line A, the
lower edges of the openings 31a, 41, and 42 are at the same position as each other, and
the lower edge of the flange 43 protrudes upward from the lower edges of the openings
31la, 41, and 42. Also, an end of the exhaust pipe 33 on the first exhaust passage 31
side rides over the lower edge of the flange 43. In the engine 12 of FIG. 12, this
opening 36a corresponds to the connection passage of the present invention. And, in
the direction along the center line A, the center N of the opening 36a is arranged at a
position different from the center C of the opening 31a. More specifically, in the
direction along the center line A, a length from the opening 36a to the upper edge 32a
of the exhaust port 32 is shorter than a length from the center N of the opening 31a to
the upper edge 32a of the exhaust port 32.

Further, in a part of the exhaust pipe 33 on the downstream side from the part thereof
with the flange 43 attached thereto, an upper wall 36b is substantially horizontally
extended, and a lower wall 36¢ is extended so as to tile. The lower wall 36c is tilted in
a direction in which a gap between the lower wall 36¢ and the upper wall 36b is
smaller as the lower wall 36¢c comes closer to the opening 36a. More specifically, an
inner surface of the lower wall 36c¢ is in parallel with the center line B. Other structures
of the engine 12 of FIG. 12 are the same as those of the engine 12 of FIGs. 1 to 3.

The operation of the engine 12 of FIG. 12 is the same as the operation of the engine
12 described with FIGs. 5 to 9. Also, in the engine 12 of FIG. 12, in the direction along
the center line A, the center N of the opening 36a is at a position different from the
opening 31a. In other words, in the direction along the center line A, the distance
between an opened part of the exhaust port 32 and the center N is set to be smaller as
short as possible. In this manner, in the direction along the center line A, the center N
is arranged upper than the center C. As a result, from the period that the scavenging
port 24 is closed by the moving up of the piston 22 to the period that the exhaust port
32 is closed, the pressure wave propagated through the opening 36a of the second
exhaust passage 36 to the exhaust port 32 can be concentrated on the vicinity of the
exhaust port 32, so that the same effect as the effect of the first embodiment of the
engine 12 can be obtained.

Further, in the engine 12 of FIG. 12, an inner surface of the upper wall 36b is
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horizontal while the lower wall 36c¢ is tilted in the direction in which the gap between
the lower wall 36¢ and the upper wall 36b becomes smaller as the lower wall 36¢
comes closer to the opening 36a. As a result, the pressure wave propagated through the
opening 36a of the second exhaust passage 36 to the exhaust port 32 can be further
concentrated on the vicinity of the exhaust port 32.

Also, in the engine 12 of FIG. 12, the deterioration of the exhaust gas property can be
prevented by designing the shape of the flange 43 and the structure of the exhaust pipe
33 so as to adjust the opening width of the opening 36a and the position thereof in the
height direction. Therefore, the increase in the number of components can be prevented
without providing a dedicated component. In the engine 12 of FIG. 12, note that other
structures than the structures of the position and the opening width of the opening 36a
can be designed to be the same as those of the engine 12 of FIG. 2, so that the same
effect as that of the engine 12 of FIG. 2 can be obtained.

(Fifth Embodiment)

Next, a fifth embodiment of the engine 12 will be described with reference to FIG.
13. In the engine 12 illustrated in FIG. 13, in the direction along the center line A, the
lower edges of the openings 31a, 36a, and 42 are at the same position as each other, a
part of the wall member 37 is protruded to reach a position closer to the center line F
than the lower edges of the openings 31a, 36a, and 42, and a protruding portion 37b
extending from the position through a cured portion 37a toward the first exhaust
passage 31 is provided.

The protruding portion 37b is arranged over the openings 31a and 42, and the
opening 41 is formed above the protruding portion 37b. The cured portion 37a has a
curved surface 37c continuously formed from an inner surface of the opening 41. The
protruding portion 37b is positioned so as to be lower than the center C of the opening
31a, and the center P of the opening 41 is at a position higher than the center C. In the
engine 12 of FIG. 13, the opening 41 corresponds to the connection passage of the
present invention. Other structures of the engine 12 of FIG. 13 are the same as those of
the engine 12 of FIGs. 1 to 3.

The operation of the engine 12 of FIG. 13 is the same as the operation of the engine
12 described with FIGs. 5 to 9. Also, in the engine 12 of FIG. 13, in the direction along
the center line A, the center P of the opening 41 is at a position different from the
center C of the opening 31a. That is, at a stage before the exhaust port 32 is closed by
the moving of the piston 22, a length from the center P to an opened part of the exhaust
port 32 in the direction along the center line A is shorter than a length from the center
C to the opened part of the exhaust port 32. In this manner, in the direction along the
center line A, the center P is arranged upper than the center C. As a result, from the

period that the scavenging port 24 is closed by the moving up of the piston 22 to the
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period that the exhaust port 32 is closed, the pressure wave propagated through the
opening 36a of the second exhaust passage 36 to the exhaust port 32 can be con-
centrated on the vicinity of the exhaust port 32, so that the same effect as the effect of
the first embodiment of the engine 12 can be obtained.

Further, in the engine 12 of FIG. 13, the wall member 37 is provided with the curved
portion 37a, and the pressure wave is propagated along a surface of the curved portion
37a so as to trace in a curved or arced shape. This can suppress a pressure loss caused
when the pressure wave is propagated through the opening 36a of the second exhaust
passage 36 to the exhaust port 32.

Also, in the engine 12 of FIG. 13, the deterioration of the exhaust gas property can be
prevented by designing the shape of the wall member 37 so as to adjust the opening
width of the opening 41 and the position of the center P of the opening 41 in the
direction along the center line A. Therefore, the increase in the number of components
can be prevented without providing a dedicated component. In the engine 12 of FIG.
13, note that other structures than the structure of the shape of the wall member 37 can
be designed to be the same as those of the engine 12 of FIG. 2, and the same effect as
the engine 12 of FIG. 2 can be obtained.

The engine and the portable working machine of the present invention are not limited
to the above-described embodiments, and various modifications and alterations can be
made within the scope of the present invention. For example, the engine of the present
invention includes not only an engine with such a structure that the center line A is
arranged along the vertical line but also an engine with such a structure that the center
line A is tilted from the vertical line. Also, the engine of the present invention includes
not only an engine with such a structure that the center line A and the center line B
cross each other at a non-right angle but also an engine with such a structure that the
center line A and the center line B cross each other at a substantially right angle. The
cross-sectional shapes of the openings and the cross-sectional shapes of the connection
passages in the present invention include an elliptical shape and a circular shape.

The portable working machine of the present invention is an engine-operated tool
that transmits power of an engine serving as a power source to an operating member,
and the portable working machine includes not only the above-described cutter but also
a blower, a hedge trimmer, a drill, a cultivator, a chainsaw, a grass cutter, etc. The
operating member of the grass cutter is a mowing blade. The operating member of the
chainsaw is a chain-form blade. The operating member of the blower is an impeller.
The operating member of the cultivator is a soil-digging blade. The operating member
of the hedge trimmer is a blade. The operating member of the drill is a boring blade.
The operating members of the present invention include an operating member that

rotates, an operating member that reciprocates, and an operating member that



16

WO 2014/155945 PCT/JP2014/000835

circulates along a circular track.
Industrial Applicability
[0066]  The present invention can be utilized for an engine used as a power source in a

portable working machine such as a chainsaw and a cutter.
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Claims

An engine having a combustion chamber provided inside a cylinder, in
which an exhaust port connected to the combustion chamber is opened
and closed by a piston reciprocating inside the cylinder, the engine
characterized by:

a first exhaust passage provided to the cylinder and connected to the
exhaust port;

an opening formed on a downstream end of the first exhaust passage in
a direction of discharge of a combustion gas discharged from the
exhaust port; and

a second exhaust passage connected to the opening via a connection
passage,

wherein center of the connection passage in a cylinder axial direction
and center of the opening in the cylinder axial direction are arranged at
different positions from each other in the cylinder axial direction.

The engine according to claim 1,

wherein the center of the connection passage is arranged upper in the
cylinder axial direction than the center of the opening.

The engine according to claim 1,

wherein the engine is provided with a branch passage branched from
the second exhaust passage.

The engine according to claim 3,

wherein a cross-sectional area of the connection passage is larger than a
cross-sectional area of the branch passage.

The engine according to claim 1, comprising:

an exhaust pipe having the second exhaust passage;

an expansion chamber into which a combustion gas is discharged from
the second exhaust passage; and

a wall member forming the expansion chamber,

wherein the connection passage is arranged in a part of the wall
member between the cylinder and an end of the exhaust pipe.

The engine according to claim 5,

wherein the wall member has a curved surface that is continuously
formed from an inner surface of the connection passage.

The engine according to claim 1, comprising:

an exhaust pipe having the second exhaust passage; and

a gasket interposed between an end of the exhaust pipe and the
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cylinder,

wherein the connection passage is provided to the gasket.

The engine according to claim 1, comprising:

an exhaust pipe having the second exhaust passage; and

a flange formed on the exhaust pipe and fixed to the cylinder,

wherein a part of the flange is extended in the cylinder axial direction
so as to form the connection passage.

The engine according to claim 1,

wherein a cross-sectional area of the connection passage is within a
range from 0.7 to 1.3 times the maximum value of a cross-sectional
area of the exhaust port.

The engine according to claim 1,

wherein the connection passage is provided at a position separated from
the exhaust port by 20 mm to 60 mm in a direction of a length of the
first exhaust passage.

A portable working machine characterized by:

an engine having a combustion chamber provided inside a cylinder, in
which an exhaust port connected to the combustion chamber is opened
and closed by a piston reciprocating inside cylinder; and

an operating member that is operated by power transmitted from the
engine to the operating member,

wherein the engine includes:

a first exhaust passage provided in the cylinder and connected to the
exhaust port;

an opening formed on a downstream end of the first exhaust passage in
a direction of discharge of a combustion gas discharged from the
exhaust port; and

a second exhaust passage connected to the opening via a connection
passage,

wherein center of the connection passage in a cylinder axial direction
and center of the opening in the cylinder axial direction are arranged at

different positions from each other in the cylinder axial direction.
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