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VARIABLE STROKE ENGINE

ABSTRACT

A variable stroke engine includes a connecting rod (70) having one end
thereof connected to a piston (38) via a piston pin (69). A sub-rod (72) is
connected to a crankshaft (27) via a crankpin (71) and to the other end of the
connecting rod (70). A control rod (73) has one end thereof connected to the
sub-rod (72) at a position distal from the position where the sub-rod (72) is
connected to the connecting rod (70). An eccentric shaft (67) is connected to
the other end of the control rod (73). The eccentric shaft (67) is provided at a
position eccentric relative to a rotating shaft (54) to which power is transmitted
from the crankshaft (27) at a reduction ratio of 2. Intake and exhaust cams (57,
58) form a part of a valve operating mechanism (66) and are provided on the
rotating shaft (54).
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VARIABLE STROKE ENGINE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a variable stroke engine having a
connecting rod with one end thereof connected to a piston via a piston pin, a
sub-rod connected to a crankshaft via a crankpin and to the other end of the
connecting rod, and a control rod with one end thereof connected to the sub-rod
at a position distal from the position where the connecting rod is connected. In
particular, the present invention relates to a variable stroke engine also having
an eccentric shaft connected to the other end of the control rod, wherein the
eccentric shaft is provided at a position eccentric relative to a rotating shaft to
which power is transmitted from the crankshaft at a reduction ratio of 1/2.
Description of the Related Art

[0002] Conventionally, such a variable stroke engine is known, such as, for
example, the engine disclosed in U.S. Patent No. 4,517,931 to Nelson.

[0003] in the case of a DOHC or SOHC variable stroke engine, rotational
power is generally transmitted from the crankshaft to a camshaft supported on a
cylinder head at a reduction ratio of 1/2 using a timing belt and the like. In the
case of an OHV variable stroke engine, a camshaft is generally provided to
which power is transmitted from the crankshaft at a reduction ratio of 1/2 by a
reduction gear, in addition to a rotating shaft, to which power is transmitted from
the crankshaft at a reduction ratio of 1/2.

[0004] It is therefore necessary in conventional DOHC and SOHC variable
stroke engines to provide space for the camshaft above the cylinder head,
which results in an increase in the overall dimensions of the engine. [n the
conventional OHV variable stroke engine, a reduction gear positioned between
the crankshaft and the camshaft causes mechanical noise, and the overall

complicated structure of the engine increases friction loss.
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SUMMARY

It is an object of the present invention to overcome the deficiencies of the
above-described conventional variable stroke engines.

There exists a need to provide a variable stroke engine that reduces the
overall dimensions of the engine, reduces the number of structural compahenis,
and concurrently reduces the amount of mechanical noise and friction loss.

In accordance with a first aspect of the present disclosure, a variable
stroke engine includes a connecting rod with one end thereof connected to a
piston via a piston pin, a sub-rod connected to a crankshaft via a crankpin and to
the other end of the connecting rod, a control rod with one end thereof connected
to the sub-rod at a position distal from the position where the connecting rod Is
connected, an eccentric shaft that is connected to the other end of the control
rod, and a valve operating mechanism. The eccentric shaft is provided at g
position eccentric relative to a rotating shaft to which power is transmitted from
the crankshaft at a reduction ratio of %. An intake cam and an exhaust cam of
the valve operating mechanism and the eccentric shatt are integrally provided on
the rotating shatt.

In accordance with such an arrangement, because the cam is provided
on the rotating shaft having the eccentric shaft, it is unnecessary to use a
camshalt and rotating shaft. As a result, the total number of structural
components is reduced. Further, space is not required to be provided to arrange
the camshaft, thereby reducing the overall dimensions of the engine.
Furthermore, since a dedicated camshaft is not needed, a power transmission
mechanism is not required to be positioned between the crankshaft and the
dedicated camshaft, thereby reducing the amount of mechanical noise and
friction loss. i

Furthermore, the eccentric shaft disposed between the intake and
exhaust cams has a diameter that covers
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the- entirety - of one of the intake and exhaust cams when viewed from a\
direction along the axis of the rotating shaft. In accordance with such an
arrangement, the eccentric shaft can be provided on the rotating sheft without
using a crank arrangement for the rotating shaft, the machining precision of the
eccentric shaft and the intake and exhaust cams is improved, and the rotating
shaftis formed with relatively low weight and increased rigidity.

{0010] The abdve-mentioned object, other abjects, characteristics and
advantages of the present invention will become apparent from an explanation
of a preferred embodiment described below in detail with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1is a front view of an engine according to a preferred embodiment
of the present invention:

[0012] Fig. 2 is a longitudinal cross-sectional view of the engine shown in Fig,
1, taken along line 2-2 in Fig. 3 when viewed from the same direction as in
Fig. 1 '
[0013]  Fig. 3 is a cross-sectional view of the engine shown in Fig, 1, taken
along line 3-3 in Fig. 2;

[0014] Fig. 4isa magnified cross-sectional view of the engine shown in Fig.
1, taken along line 4-4 in Fig. 2; and

[0015]  Fig. 5 is a magnified cross-sectional view of the engine shown in Fig,
1, taken along line 5-5 in Fig. 3.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0016] A preferred embodiment of the pressnt invention is explained with
reference to Figs. 1 to 5. Referring io Figs. 1 to 3, the iliustrated engine is an
air-cooled single cylinder engine used in, for example, work equipment. An
engine main body 21 is formed from a crankease 22, a cylinder block 23, and a
cylinder head 24 joined to the head of the cylinder block 23. The cylinder block
23 is inclined slightly upward and projects from a side face of the crankcase 22,
A plurality of air-coaling fins 23a, 24a are provided on the outer side faces of the
cylinder block 23 and the cylinder head 24, respectively. The crankcase 22 is

COMS 1D No: ARCS-201676  Received by IP Australia: Time (H:m) 15:53 Date (Y-M-d) 2008-08-11
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mounted on an engine bed of various types of work equipment via a mounting
face 22a on a lower face of the crankcase 22.

[0017] The crankcase 22 is formed from a case main body 25 and a side
cover 26 joined to an open end of the case main body 25. The case main body
25 is integrally mold-cast with the cylinder block 23. Opposite ends of a
crankshaft 27 are rotatably supported in the case main body 25 and the side
cover 26 via ball bearings 28, 29 and oil seals 30, 31. One end of the
crankshaft 27 projects out of the side cover 26 and serves as an output shaft
portion 27a. The other end of the crankshaft 27 projects out of the case main
body 25 and serves as an auxiliary equipment attachment shaft portion 27b. A
flywheel 32 is fixed to the auxiliary equipment attachment shaft portion 27b. A
cooling fan 35 is rigidly attached by a screw 36 to the outside surface of the
flywheel 32 and supplies cooling air to each part of the engine main body 21
and a carburetor 34. A recoil type engine starter 37 is disposed outside the
cooling fan 35.

[0018] A piston 38 is slidably fitted in a cylinder bore 39 formed in the cylinder
block 23. A combustion chamber 40 is formed between the cylinder block 23
and the cylinder head 24 which the top of the piston 38 faces.

[0019]  An intake port 41 and an exhaust port 42 are formed in the cylinder
head 24 and communicate with the combustion chamber 40. An intake valve
43 and an exhaust valve 44 are arranged in the cylinder head 24. The intake
valve 43 opens and closes communication between the intake port 41 and the
combustion chamber 40. The exhaust valve 44 opens and closes
communication between the exhaust port 42 and the combustion chamber 40.
A spark plug 45 is screwed into the cylinder head 24 and has electrodes facing
the combustion chamber 40.

[0020] The carburetor 34 is connected to an upper part of the cylinder head
24. The downstream end of an intake passage 46 of the carburetor 34
communicates with the intake port 41. An intake pipe 47 communicating with
the upstream end of the intake passage 46 is connected to the carburetor 34.
The intake pipe 47 is also connected to an air cleaner (not illustrated). An

exhaust pipe 48 communicating with the exhaust port 42 is connected to an
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upper part of the cylinder head 24. The exhaust pipe 48 is also connected to an
exhaust muffler 49. A fuel tank 51, which is supported by a bracket 50
projecting from the crankcase 22, is disposed above the crankcase 22.

[0021] A drive gear 52 is fixedly provided on the crankshaft 27 near the side
cover 26 of the crankcase 22. A driven gear 53 that meshes with the drive gear
52 is fixedly attached to a rotating shaft 54 having an axis parallel to the
crankshaft 27. Opposite ends of the rotating shaft 54 are rotatably carried on
the crankcase 22, which includes the case main body 25 and the side cover 26,
via ball bearings 55, 56. Rotational power from the crankshaft 27 is transmitted
to the rotating shaft 54 at a reduction ratio of 1/2 via the meshed drive gear 52
and the driven gear 53.

[0022] A valve operating mechanism 66, which opens and closes the intake
valve 43 and the exhaust valve 44, includes an intake cam 57, an exhaust cam
58, lifters 59, 60, pushrods 62, 63, and rocker ams 64, 65, which are provided
between the pushrods 62, 63 and the intake and exhaust valves 43, 44. The
intake cam 57 and the exhaust cam 58 are rotated by the crankshaft 27 at a
reduction ratio of 1/2. The lifters 59, 60 are in sliding contact with the cams 57,
58. The pushrods 62, 63 are pushed by the lifters 59, 60.

[0023] Referring also to Fig. 4, the intake cam 57 and the exhaust cam 58,
which correspond to the intake valve 43 and the exhaust valve 44, respectively,
are provided on the rotating shaft 54. The lifters 59, 60 are operably supported
in the cylinder block 23 and are in sliding contact with the intake cam 57 and the
exhaust cam 58. An operating chamber 61 is formed in the cylinder block 23
and the cylinder head 24. Upper parts of the lifters 59, 60 project into a lower
part of the operating chamber 61. The lower ends of the pushrods 62, 63
disposed within the operating chamber 61 abut against the lifters 59, 60.
Rocker arms 64, 65 are rockably carried in the cylinder head 24. One end of
each rocker arm 64 and 65 abuts against the upper end of a corresponding one
of the intake valve 43 and the exhaust valve 44, which are spring-biased in a
valve-closing direction. The upper end of each pushrod 62 and 63 abuts

against the other end of the corresponding one of the rocker arms 64 and 65.




20

25

30

[0024] In the valve operating mechanism 68, the pushrods 62, 63 move in the
axial direction as the intake cam 57 and the exhaust cam 58 rotate. The
resulting rocking of the rocker arms 64 and 65 opens and closes the intake
valve 43 and the exhaust valve 44.

[0025] Referring to Fig. 5, an eccentric shaft 67 provided at a position
eccentric relative to the rotating shaft 54, the piston 38, and the crankshaft 27
are connected to each other via a link mechanism 68.

[0026] The link mechanism 68 is formed from a connecting rod 70, a sub-rod
72, a control rod 73, and the eccentric shaft 67. One end of the connecting rod
70 is connected to the piston 38 via a piston pin 69, the sub-rod 72 is connected
to the crankshaft 27 via a crankpin 71 and to the other end of the connecting
rod 70, one end of the control rod 73 is connected to the sub-rod 72 at a
position away from the position where the connecting rod 70 is connected, and
the eccentric shaft 67 is connected to the other end of the control rod 73.

[0027] The sub-rod 72 has in its middle portion a semicircular first bearing 74
that is in sliding contact with half of the periphery of the crankpin 71. Integrally
provided at opposite ends of the sub-rod 72 are a pair of bifurcated portions
72a, 72b sandwiching the other end of the connecting rod 70 and the one end
of the control rod 73, respectively. The remaining half of the periphery of the
crankpin 71 is in sliding contact with a semicircular second bearing 75 of a
crank cap 76. The crank cap 76 is secured to the sub-rod 72.

[0028] The other end of the connecting rod 70 is inserted into the bifurcated
portion 72a at one end of the sub-rod 72 and is swingably connected to the one
end of the sub-rod 72 via a connecting rod pin 77. Opposite ends of the
connecting rod pin 77, which is press-fitted in the other end of the connecting
rod 70, are swingably fitted in the bifurcated portion 72a at the one end of the
sub-rod 72.

[0029] The one end of the control rod 73 is inserted into the bifurcated portion
72b at the other end of the sub-rod 72 and is swingably connected to the sub-
rod 72 via a sub-rod pin 78. The sub-rod pin 78 runs relatively swingably
through the one end of the control rod 73. Opposite ends of the sub-rod pin 78
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are swingably supported in the bifurcated portion 72a at the other end of the
sub-rod 72.

[0030] The eccentric shaft 67 is integrally formed on the rotating shaft 54 and
is positioned between the intake cam 57 and the exhaust cam 58. The
eccentric shaft 67 has a diameter that covers the entirety of either one of the
intake cam 57 and the exhaust cam 58 when viewed from a direction along the
axis of the rotating shaft 54. A circular shaft hole 79 is provided at the other end
of the control rod 73. The eccentric shaft 67 is relatively slidably fitted within the
hole 79.

[0031] As the eccentric shaft 67 rotates at a reduction ratio of 1/2 relative to
the rotation of the crankshaft 27, the link mechanism 68 operates so that the
stroke of the piston 38 during expansion is larger than the stroke during
compression. Accordingly, a greater amount of expansion work is carried out
with the same amount of intake mixture, thereby enhancing the cycle thermal
efficiency.

[0032] A tube-shaped breather chamber 80 is formed in the engine main body
21 above the eccentric shaft 67 of the rotating shaft 54. That is, integrally
provided on the case main body 25 of the crankcase 22 of the engine main
body 21 is a rectangular breather housing 81 which projects upward. The
breather housing 81 and a cover plate 82 secured thereto, wherein the cover
plate 82 blocks an opening at the outer end of the breather housing 81, form the
breather chamber 80. The breather chamber 80 communicates with the interior
of the crankcase 22 via an inlet 83 provided in the case main body 25 in a
section corresponding to the eccentric shaft 67.

[0033] A baffle plate 84 supported on the cover plate 82 forms a labyrinth
within the breather chamber 80. Breather gas that has passed through the
labyrinth is discharged, for example, through an outlet 85 provided in the
breather housing 81, and is guided to an air cleaner via a pipe (not illustrated).
[0034] Oil that is entrained in the breather gas is subjected to gas-liquid
separation while passing through the labyrinth. The oil that has been separated
and collected in a lower part of the breather chamber 80 drops into the interior

of the crankcase 22 through an oil supply hole 86 provided in the case main
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body 25 at a position adjacent to the inlet 83 so that the oil drops onto the
eccentric shaft 67.

[0035] The operation of the present invention will now be explained. The
intake and exhaust cams 57, 58 forming a part of the valve operating
mechanism 66 are provided on the rotating shaft 54 having the eccentric shaft
67. Power from the crankshaft 27 is transmitted to the rotating shaft 54 at a
reduction ratio of 1/2. Therefore, it is unnecessary to use a camshatt in addition
to the rotating shaft 54, thus reducing the number of structural components, and
space is not required to be provided to arrange the camshaft, thereby reducing
the overall dimensions of the engine. Since a dedicated camshaft is not
needed, a power transfer mechanism between the crankshaft 27 and the
dedicated camshaft is not required, thereby reducing the mechanical noise and
the friction loss.

[0036] Integrally provided on the rotating shaft 54 is the intake cam 57, the
exhaust cam 58, and the eccentric shaft 67 disposed between the intake and
exhaust cams 57 and 58. The eccentric shaft 67 has a diameter that covers the
entire shape of either one of the intake cam 57 and the exhaust cam 58 when
viewed from a direction along the axis of the rotating shaft 54. As a result, the
eccentric shaft 67 can be provided on the rotating shaft 54 without using a crank
arrangement for the rotating shaft 54, the machining precision of the eccentric
shaft 67 and the intake and exhaust cams 57 and 58 is improved, and the
rotating shaft is formed with relatively low weight and increased rigidity.

[0037] Formed in the case main body 25 of the crankcase 22 of the engine
main body 21 above the eccentric shaft 67 are the breather chamber 80 and the
oil supply hole 86 through which the oil drops onto the eccentric shaft 67, the oil
being separated from the breather gas by gas-liquid separation within the
breather chamber 80.

[0038] The oil separated from the breather gas within the breather chamber
80 drops onto the eccentric shaft 67, so that lubrication can be provided
between the eccentric shaft 67 and the control rod 73 while eliminating the need
for a lubricating device exclusively used for the eccentric shaft 67, thereby

reducing the overall dimensions and the weight of the engine.

-11-




[0039] Although a preferred embodiment of the present invention is explained
above, the invention is not limited to the above-mentioned description and can
be modified in a variety of ways without departing from the present invention

described in the scope of claims.
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The claims defining the invention are as follows:

1. A variable stroke engine comprising:

a connecting rod having one end connected to a piston via a piston pin;

a sub-rod connected to a crankshatft via a crankpin and connected 1o the
other end of the connecting rod;

a control rod connected at one end to the sub-rod at a position distal from
a position where the sub-rod is connected to the connecting rod;

an eccentric shaft connected to the other end of the control rod, the
ecceniric shaft provided at an eccentric position relative to a rotating shaft to
which power is transmitted from the crankshaft at a reduction ratio of 1/2; and

a valve operating mechanism having an intake cam and an exhaust cam,

wherein the intake cam and the exhaust cam of the vaive operating
mechanism and the eccentric shaft are integrally provided on the rotating shaft,
the eccentric shaft is disposed between the intake and exhaust cams, and the
eccentric shaft has a diameter that covers the entirsty of gither one of the intake
and exhaust cams when viewed from a direction along an axis of the rotating
shaft.

2. The variable stroke engine according to Claim 1, wherein the
valve operating mechanism further includes first and second lifters, first and
second pushrods, and first and second rocker amms, wherein the first rocker arm
i$ provided between the intake cam and the first pushrod, and the second rocker
arm is provided between the exhaust cam and the second pushrod, respectively.

3. The variable sfroke engine according to Claim 2, wherein the first
and second lifters are in sliding contact with the intake and exhaust cams,
respectively, and push the first and second pushrods, respectively.

4. The variable stroke engine according to Claim 2, wherein the first

and second pushrods mave in an axial direction orthogonal relative to an axis of
the rotating shaft as the intake and exhaust cams rotate,

COMS ID No: ARCS-201676  Received by IP Australia: Time (H:m) 15:53 Date (Y-M-d) 2008-08-11
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5. The variable stroke engine according to Claim 1, wherein a
middle portion of the sub-rod includes a semicircular bearing in sliding contact
with a first periphery half of the crankpin connecting the sub-rod to the crankshaft.

6. The variable stroke engine according to Claim 5, wherein a
second periphery half of the crankpin is in sliding contact with a semicircular
bearing of a crank cap secured to the sub-rod.

7. The variable stroke engine according to Claim 1, wherein
opposite ends of the sub-rod include first and second bifurcated portions,
respectively, wherein one end of the sub-rod swingably secures the other end of
the connecting rod and the other end of the sub-rod swingably secures the one
end of the control rod.

8. The variable stroke engine according to Claim 7, further
comprising:

2 connecting rod pin swingably connecting the other end of the
connecting rod to the one end of the sub-rod; and

a sub-rod pin swingably connecting the one end of the control rod to the
other end of the sub-rod.

9. The variable stroke engine according to Claim 1, wherein an
expansion stroke of the piston is larger than a compression stroke of the piston.

10. The variable stroke engine according to Claim 1, further
comprising a breather chamber provided above the eccentric shaft of the rotating
shaft.

1. The veriable stroke engine according to Claim 10, wherein the
breather chamber includes a breather housing and a cover plate secured thersto,

and the cover plate blocks an opening of the breather housing.

12. The variable stroke engine according to Claim 11, further
comprising a baffle plate supported on the cover plate, the baffle plate being

COMS ID No: ARCS-201676  Received by IP Australia: Time (H:m) 15:53 Date (Y-M-d) 2008-08-11
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adapted to separate oil therein from a breather gas that passes through the baffie
plate.

13. The variable stroke engine according to Claim 12, wherein the
separated oil is directed onto the eccentric shatt,

4. Avariable stroke engina substantially as hereinbefors described
with reference to the accompanying drawings.

DATED this seventh Day of August, 2008
Honda Giken Kogyo Kabushiki Kaisha
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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