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(57) ABSTRACT 
In a link type variable stroke engine in Which a piston, a 
crankshaft and an eccentric shaft are linked by a linking 
mechanism, an oil supply hole for supplying lubricating oil to 
a position betWeen a connection tubular part of a sub connect 
ing rod and a crank pin is provided in an upper portion of the 
connection tubular part at a position Which is deviated from a 
direction of application of maximum load applied from the 
crank pin to an inner surface of the connection tubular part by 
maximum in-tube pressure, and Which is immediately behind 
a point of application of the maximum load along a direction 
in Which the crank pin rotates relative to the sub connecting 
rod. Accordingly, it is possible to prevent leak of oil from the 
oil supply hole and thereby reliably lubricating the position 
betWeen the connection tubular part of the sub connecting rod 
and the crank pin by a splash lubrication system. 

2 Claims, 6 Drawing Sheets 
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LINK TYPE VARIABLE STROKE ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a link type variable stroke 

engine, and especially relates to a link type variable stroke 
engine in Which a piston slidably ?tted to a cylinder block; a 
crankshaft rotatably supported at a crankcase; and a rotary 
shaft having an axis parallel With the crankshaft, being rotat 
ably supported at the crankcase, and being provided With an 
eccentric shaft at an eccentric position, are linked by a linking 
mechanism, the linking mechanism including: a sub connect 
ing rod having a connection tubular part into Which a crank 
pin of the crankshaft is relatively rotatably ?tted, and being 
rotatably connected With the crank pin; a main connecting rod 
connecting the sub connecting rod and the piston; and a sWing 
rod connecting the sub connecting rod and the eccentric shaft, 
and oil scattered in the crankcase is guided to a position 
betWeen the connection tubularpart of the sub connecting rod 
and the crank pin. 

2. Description of the Related Art 
In conventional reciprocating engines, an oil supply hole is 

formed at a big end of a connecting rod to lubricate a position 
betWeen the big end of the connecting rod and a crank pin by 
using oil scattered in a crankcase. Since load caused by explo 
sion in a combustion chamber is applied to the big end of the 
connecting rod, the oil supply hole is formed in a position at 
the big end of the connecting rod, the position deviated from 
the direction of application of the load. 
On the other hand, a link type variable stroke engine has 

already been knoWn through Japanese Patent Application 
Laid-open No. 2003-278567. In the link type variable stroke 
engine, a piston, a crankshaft and an eccentric shaft provided 
to a rotary shaft parallel With the crankshaft are linked by a 
linking mechanism including a sub connecting rod, a main 
connecting rod and a sWing rod. The sub connecting rod 
includes a connection tubular part into Which a crank pin is 
relatively rotatably ?tted, and thus is rotatably coupled With 
the crank pin. The main connecting rod connects the piston 
and the sub connecting rod. The sWing rod connects the sub 
connecting rod and the eccentric shaft. Such a link type vari 
able stroke engine also requires an oil supply hole formed at 
the connection tubular part of the sub connecting rod to lubri 
cate a position betWeen the connection tubular part of the sub 
connecting rod and the crank pin by a splash lubrication 
system using oil scattered in a crankcase. 

Meanwhile, in the link type variable stroke engine, reaction 
force from the sWing rod is applied to the sub connecting rod 
in addition to load by in-tube pres sure acting thereon from the 
main connecting rod. Accordingly, the resultant force of the 
load by such in-tube pressure and the reaction force is applied 
to an inner surface of the connection tubular part of the sub 
connecting rod. Here, the direction of application of the 
resultant force is determined by the angle betWeen the main 
connecting rod and the sub connecting rod, the magnitude of 
the force applied from the main connecting rod to the sub 
connecting rod, the angle betWeen the sub connecting rod and 
the sWing rod, the magnitude of the force applied from the 
sWing rod to the sub connecting rod, and is not ?xed in an 
operation cycle of the engine. If the oil supply hole is pro 
vided in a Wrong position, oil leaks out from the oil supply 
hole under application of the maximum load by the maximum 
in-tube pressure, bringing serious effects on lubrication. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
described circumstances. It is an object of the present inven 
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2 
tion to provide a link type variable stroke engine capable of 
preventing leak of oil from an oil supply hole and thereby 
reliably lubricating a position betWeen connection tubular 
part of a sub connecting rod and a crank pin by a splash 
lubrication system. 

In order to achieve the object, according to a ?rst feature of 
the present invention, there is provided a link type variable 
stroke engine in Which a piston slidably ?tted to a cylinder 
block; a crankshaft rotatably supported at a crankcase; and a 
rotary shaft having an axis parallel With the crankshaft, being 
rotatably supported at the crankcase, and being provided With 
an eccentric shaft at an eccentric position, are linked by a 

linking mechanism, the linking mechanism including: a sub 
connecting rod having a connection tubular part into Which a 
crank pin of the crankshaft is relatively rotatably ?tted, and 
being rotatably connected With the crank pin; a main connect 
ing rod connecting the sub connecting rod and the piston; and 
a sWing rod connecting the sub connecting rod and the eccen 
tric shaft, and oil scattered in the crankcase is guided to a 
position betWeen the connection tubular part of the sub con 
necting rod and the crank pin, Wherein an oil supply hole for 
supplying lubricating oil to the position betWeen the connec 
tion tubular part of the sub connecting rod and the crank pin is 
provided in an upper portion of the connection tubular part at 
a position Which is deviated from a direction of application of 
maximum load applied from the crank pin to an inner surface 
of the connection tubular part by maximum in-tube pressure, 
and Which is immediately behind a point of application of the 
maximum load along a direction in Which the crank pin 
rotates relative to the sub connecting rod. 

According to the ?rst feature of the present invention, the 
oil supply hole is formed in the upper portion of the connec 
tion tubular part at a position Which is deviated from the 
direction of application of the maximum load by the maxi 
mum in-tube pressure applied from the crank pin to the inner 
surface of the connection tubular part of the sub connecting 
rod and Which is immediately behind the point of application 
of the maximum load along the relative rotation direction of 
the crank pin With respect to the sub connecting rod. Accord 
ingly, even When the maximum load by the maximum in-tube 
pressure is applied to the connection tubular part of the sub 
connecting rod, leak of the oil from the oil supply hole is 
prevented, and consequently oil ?lm shortage is prevented. 
Thus, ef?cient and reliable lubrication can be provided. 

According to a second feature of the present invention, in 
addition to the ?rst feature, the sub connecting rod includes: 
a pair of mutually facing plate parts integrally provided at 
right angles on an upper portion of the connection tubular part 
so as to sandWich, from opposite sides, end portions, on the 
sub connecting rod side, of the main connecting rod and the 
sWing rod, respectively; and a connection plate part rising 
from an outer surface of the connection tubular part at a 
position beloW an opened end of the oil supply hole open to 
the outer surface of the connection tubular part, the connec 
tion plate part connecting both the facing plate parts, and an 
oil sump communicating With the oil supply hole and being 
opened upWard is formed by the outer surface of the connec 
tion tubular part, both the facing plate parts and the connec 
tion plate part. 

According to the second feature of the present invention, 
oil is collected in the oil sump. Thus, oil supply from the oil 
supply hole can be reliable. 
The above description, other objects, characteristics and 

advantages of the present invention Will be clear from detailed 
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descriptions Which Will be provided for the preferred embodi 
ments referring to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 5 shoW a ?rst embodiment of the present inven 
tion: 

FIG. 1 is a longitudinal cross-sectional side vieW of an 
engine and a cross-sectional vieW taken along a line 1-1 in 
FIG. 2; 

FIG. 2 is a cross-sectional vieW taken along a line 2-2 in 
FIG. 1; 

FIG. 3 is a side vieW of a sub connecting rod; 
FIG. 4 is a cross-sectional vieW taken along a line 4-4 in 

FIG. 3; and 
FIG. 5 is a cross-sectional vieW of a linking mechanism 

corresponding to FIG. 1 for explaining a load applied to the 
sub connecting rod. 

FIG. 6 is a longitudinal cross-sectional vieW of a sub con 
necting rod of a second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A ?rst embodiment of the present invention Will be 
explained beloW based on FIGS. 1 to 5. 

First, in FIG. 1 and FIG. 2, this link type variable stroke 
engine is an air-cooled single cylinder engine, Which is used 
for Working machines and the like, for example. An engine 
body 11 includes: a crankcase 12; a cylinder block 13 pro 
truding in upwardly tilting manner from one side surface of 
the crankcase 12; and a cylinder head 14 joined to a head 
portion of the cylinder block 13. A large number of air 
cooling ?ns 13a and 1411 are provided on outer side surfaces 
of the cylinder block 13 and the cylinder head 14. 

The crankcase 12 comprises: a case main body 15 formed 
integrally With the cylinder block 13 by molding and opened 
at one side; and a side cover 16 joined to the opened end of the 
case main body 15. A crankshaft 17 is rotatably supported in 
the crankcase 12. The crankshaft 17 integrally has a pair of 
counterWeights 17a and 17b, as Well as a crank pin 170 Which 
connects betWeen the counter Weights 17a and 17b. Accord 
ingly, both end portions of the crankshaft 17 rotatably pen 
etrate the case main body 15 and the side cover 16 of the 
crankcase 12 and protrude outWardly. A ball bearing 18 and 
an annular sealing member 19 are disposed betWeen the 
crankshaft 17 and the case main body 15, the sealing member 
19 disposed on the outer side of the ball bearing 18, and a ball 
bearing 20 and an annular sealing member 21 are disposed 
betWeen the crankshaft 17 and the side cover 16, the sealing 
member 21 disposed on the outer side of the ball bearing 20. 
A cylinder bore 23 is formed in the cylinder block 13. A 

piston 22 is slidably ?tted in the cylinder bore 23. A combus 
tion chamber 24 is formed betWeen the cylinder block 13 and 
the cylinder head 14, and a top portion of the piston 22 faces 
the combustion chamber 24. An intake port 25 and an exhaust 
port 26, both communicating With the combustion chamber 
24, are formed in the cylinder head 14. In addition, an intake 
valve 27 for opening and closing the passage betWeen the 
intake port 25 and the combustion chamber 24 as Well as an 
exhaust valve 28 for opening and closing the passage betWeen 
the exhaust port 26 and the combustion chamber 24 are dis 
posed in the cylinder head 14 so as to be capable of perform 
ing the opening and closing operations. The intake valve 27 
and the exhaust valve 28 are urged in a valve-closing direction 
by valve springs 29 and 30, respectively. 
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4 
A valve operating mechanism 32 opening and closing the 

intake valve 27 and the exhaust valve 28 includes: a cam shaft 
33 including an intake cam 34 and an exhaust cam 35 and 

rotatably supported at the crankcase 12; an intake tappet (not 
illustrated) supported at the cylinder block 13 so that the 
intake cam 34 causes the intake tappet to slide up and doWn 
folloWing motion of the intake cam 34; an exhaust tappet 37 
supported at the cylinder block 13 so that the exhaust cam 35 
causes the exhaust tappet 37 to slide up and doWn folloWing 
motion of the exhaust cam 35; an intake push rod (not illus 
trated) continuously connected, at its loWer end portion, With 
an upper end portion of the intake tappet and extending in the 
up-doWn direction; an exhaust push rod 39 continuously con 
nected, at its loWer end portion, With an upper end portion of 
the exhaust tappet and extending in the up-doWn direction; an 
intake rocker arm 40 sWingably supported by a spherical 
supporting part 42 ?xed to the cylinder head 14; and an 
exhaust rocker arm 41 sWingably supported by a spherical 
supporting part 43 ?xed to the cylinder head 14. One end 
portion of the intake rocker arm 40 is in contact With an upper 
end of the intake push rod, Whereas one end portion of the 
exhaust rocker arm 41 is in contact With an upper end of the 
exhaust push rod 39. The other end portions of the intake 
rocker arm 40 and the exhaust rocker arm 41 are in contact 
respectively With head portions of the intake valve 27 and the 
exhaust valve 28. 
The spherical supporting parts 42 and 43 and the intake and 

exhaust rocker arms 40 and 41 of the valve operating mecha 
nism 32 are covered With a head cover 44, and the head cover 
44 is connected With the cylinder head 14. 
The cam shaft 33 has an axis parallel With the crankshaft 

17. BetWeen the camshaft 33 and the crankshaft 17, ?rst 
timing transmitting means 45 is provided Which transmits the 
rotation poWer of the crankshaft 17 at a speed reduction ratio 
of l/ 2. The ?rst timing transmitting means 45 includes: a 
driving gear 46 ?xed to the crankshaft 17; and a ?rst driven 
gear 47 provided to the cam shaft 33. 

Opposite end portions of a rotary shaft 50 are rotatably 
supported at the case main body 15 and the side cover 16 of 
the crankcase 12 With ball bearings 51 and 52, respectively, 
the rotary shaft 50 having an axis parallel With the crankshaft 
17 While having a rotation axis above an axis of the crankshaft 
17. BetWeen the rotary shaft 50 and the crankshaft 17, second 
timing transmitting means 54 is disposed Which reduces the 
rotation poWer of the crankshaft 17 at a speed reduction ratio 
of l/ 2 and then transmits the rotation poWer to the rotary shaft 
50. The second timing transmitting means 54 comprises the 
driving gear 46 ?xed to the crankshaft 17 and a second driven 
gear 55 integrally provided to the rotary shaft 50 so as to mesh 
With the driving gear 46. 
An eccentric shaft 53 is provided integrally With the rotary 

shaft 50 at a position corresponding to a portion betWeen the 
pair of counterWeights 17a and 17b of the crankshaft 17. The 
eccentric shaft 53 has its axis at a position eccentric With 
respect to the axis of the rotary shaft 50. The eccentric shaft 
53, the piston 22 and the crankshaft 17 are linked by a linking 
mechanism 56. 
The linking mechanism 56 includes: a sub connecting rod 

58A having a connection tubular part 57 into Which the crank 
pin 170 of the crankshaft 17 is relatively rotatably ?tted, and 
being rotatably coupled With the crank pin 170; a main con 
necting rod 59 connecting the sub connecting rod 58A and the 
piston 22; and a sWing rod 60 Which connects the sub con 
necting rod 58A and the eccentric shaft 53. 

Referring to FIG. 3 and FIG. 4 in combination, the sub 
connecting rod 58A comprises: a sub connecting rod main 
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body 61A; and a crank cap 62 fastened to the sub connecting 
rod main body 61A by using multiple, for example, four, bolts 
63 and 63. 
The sub connecting rod main body 61A includes: a semi 

cylinder 6111 Which has a cross section in a semicircular shape 
and into Which a substantially half of the crank pin 170 is 
?tted; and a pair of facing plate parts 61b and 61b integrally 
connected respectively With tWo axial-direction ends of the 
semicylinder 6111 at right angles, extending upWard, and fac 
ing each other. The crank cap 62 includes a semicylinder 6211 
Which has a cross section in a semicircular shape and into 
Which the residual substantially half of the crank pin 170 is 
?tted. The sub connecting rod 58A is formed by fastening the 
crank cap 62 to the sub connecting rod main body 61A, and, 
in this state, the tWo semicylinders 61a and 6211 form the 
connection tubular part 57 into Which the crank pin 170 of the 
crankshaft 17 is relatively rotatably ?tted, While the tWo fac 
ing plate parts 61b and 61b are integrally connected With the 
upper portion of the connection tubular part 57 at right angles 
and extend upWard from the connection tubular part 57. 
One end portion of the main connecting rod 59 is connected 

With the piston 22 by using a piston pin 64, and the other end 
portion of the main connecting rod 59 is sandWiched betWeen 
the tWo facing plate parts 61b and 61b of the sub connecting 
rod 58A and rotatably connected With the tWo facing plate 
parts 61b and 61b by using a connecting rod pin 65. 
One end portion of the sWing rod 60 is sandWiched betWeen 

the tWo facing plate parts 61b and 61b of the sub connecting 
rod 58A at a position deviated from the connecting rod pin 65, 
and is rotatably connected With the tWo facing plate parts 61b 
and 61b by using a sWing pin 66. At the other end portion of 
the swing rod 60, a circular connection hole 67 into Which the 
eccentric shaft 53 is relatively rotatably ?tted is formed. 
When the rotary shaft 50 is rotated at a speed reduction 

ratio of 1/2 along With rotation of the crankshaft 17 and the 
eccentric shaft 53 thereby rotates about the rotation axis of the 
rotary shaft 50, the linking mechanism 56 operates, for 
example, in a manner that the stroke of the piston 22 in the 
expansion stroke becomes larger than that in the compression 
stroke. Thus, a higher expansion Work is achieved With the 
same amount of intake of the air-fuel mixture, so that the 
cycle thermal e?iciency can be improved. 
An oil dipper 69 extending to a side is integrally formed on 

the crank cap 62 of the sub connecting rod 58A. Upon rotation 
of the crank pin 170 about the axis of the crankshaft 17, the oil 
dipper 69 stirs and scoops up oil stored in a loWer portion of 
the crankcase 12, thereby the oil droplets are scattered in the 
crankcase 12. A portion betWeen the connection tubular part 
57 and the crank pin 170 are lubricated by a splash lubrication 
system using oil droplets in the crankcase 12, and an oil 
supply hole 70 is formed in an upper portion of the connection 
tubular part 57 of the sub connecting rod 58A to guide the oil 
droplets to a position betWeen the connection tubular part 57 
and the crank pin 170. 
Now, in the link type variable stroke engine having the 

above-described con?guration, reaction force F2 is applied 
from the sWing rod 60 to the sub connecting rod 58A in 
addition to load F1 by in-tube pressure from the main con 
necting rod 59 to the sub connecting rod 58A, as shoWn in 
FIG. 5. Accordingly, such resultant force FS of the load F1 by 
in-tube pressure and the reaction force F2 is applied from the 
crank pin 170 to an inner surface of the connection tubular 
part 57 of the sub connecting rod 58A. 

Here, the direction of application of the resultant force FS 
is determined by the angle betWeen the main connecting rod 
59 and the sub connecting rod 58A, the magnitude of the force 
F1 applied from the main connecting rod 59 to the sub con 
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6 
necting rod 58A, the angle betWeen the sub connecting rod 
58A and the sWing rod 60, the magnitude of the force F2 
applied from the sWing rod 60 to the sub connecting rod 58A. 
Accordingly, the direction of application of the resultant force 
FS is not ?xed in an operation cycle of the engine, and 
changes as indicated by chain lines in FIG. 3. 

According to the present invention, the oil supply hole 70 is 
formed in a position deviated from a direction of application 
of a maximum load FSM (see FIG. 3) by the maximum 
in-tube pressure applied from the crank pin 170 to the inner 
surface of the connection tubular part 57. Upon rotation of the 
crank pin 170 in the direction indicated by an arroW 73 in FIG. 
1 in response to reciprocating sliding of the piston 22 in the 
cylinder bore 23, the crank pin 17c relatively rotates, With 
respect to the sub connecting rod 58A, in the relative rotation 
direction indicated by an arroW 74. The oil supply hole 70 is 
formed in the upper portion of the connection tubular part 57 
so as to be located immediately behind the point of applica 
tion of the maximum load FSM along the relative rotation 
direction 74. 

Next, operations of this embodiment Will be described. The 
oil supply hole 70 for supplying lubricating oil to a position 
betWeen the crank pin 17c and the connection tubular part 57 
of the sub connecting rod 58A in the linking mechanism 56 is 
formed in the upper portion of the connection tubular part 57. 
The oil supply hole 70 is set in a position Which is deviated 
from the direction of application of the maximum load FSM 
applied from the crank pin 170 to the inner surface of the 
connection tubular part 57 by the maximum in-tube pres sure 
and Which is immediately behind the point of application of 
the maximum load FSM along the relative rotation direction 
74 of the crank pin 170 With respect to the sub connecting rod 
58A. 

Accordingly, even When the maximum load FSM is 
applied to the connection tubular part 57 of the sub connect 
ing rod 58A by the maximum in-tube pressure, leak of oil 
from the oil supply hole 70 can be prevented, and conse 
quently occurring of oil ?lm shortage can be prevented. Thus, 
e?icient and reliable lubrication can be provided. 

FIG. 6 shoWs a second embodiment of the present inven 
tion. The components corresponding to those of the ?rst 
embodiment are simply denoted by the same reference 
numerals in the draWings and detailed descriptions thereof 
are omitted. 

A sub connecting rod 58B comprises: a sub connecting rod 
main body 61B; and a crank cap 62 fastened to the sub 
connecting rod main body 61B by using multiple, for 
example, four, bolts 63 and 63. 
The sub connecting rod main body 61B includes: a semi 

cylinder 6111 Which has a cross section in a semicircular shape 
and into Which a substantially half of a crank pin 170 is ?tted; 
and a pair of facing plate parts 61b and 61b integrally con 
nected respectively With tWo axial-direction ends of the semi 
cylinder 6111 at right angles, extending upWard, and facing 
each other. The crank cap 62 includes a semicylinder 6211 
Which has a cross section in a semicircular shape and into 
Which the residual substantially half of the crank pin 170 is 
?tted. The sub connecting rod 58B is formed by fastening the 
crank cap 62 to the sub connecting rod main body 61B, and, 
in this state, the tWo semicylinders 61a and 6211 form a con 
nection tubular part 57 into Which the crank pin 170 of the 
crankshaft 17 is relatively rotatably ?tted. 

Moreover, the sub connecting rod main body 61B of the 
sub connecting rod 58B includes a connection plate part 610 
formed integrally thereon and rising from an outer surface of 
the connection tubular part 57 at a position beloW the open 
end of the oil supply hole 70 at the outer surface of the 
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connection tubular part 57 to connect the pair of facing plate 
parts 61b. An oil sump 72 communicating With the oil supply 
hole 70 and opened upward is formed by the outer surface of 
the connection tubular part 57, the tWo facing plate parts 61b 
and the connection plate part 610. 

According to the second embodiment, the same effects as 
those of the ?rst embodiment can be provided, and also, since 
oil can be collected in the oil sump 72, oil supply from the oil 
supply hole 70 can be reliable. 
Embodiments of the present invention are explained above, 

but the present invention is not limited to the above-men 
tioned embodiments and may be modi?ed in a variety of Ways 
as long as the modi?cations do not depart from its gist. 

The invention claimed is: 
1. A link type variable stroke engine in Which 
a piston slidably ?tted to a cylinder block; a crankshaft 

rotatably supported at a crankcase; and a rotary shaft 
having an axis parallel With the crankshaft, being rotat 
ably supported at the crankcase, and being provided With 
an eccentric shaft at an eccentric position, are linked by 
a linking mechanism, the linking mechanism including: 
a sub connecting rod having a connection tubular part 
into Which a crank pin of the crankshaft is relatively 
rotatably ?tted, and being rotatably connected With the 
crank pin; a main connecting rod connecting the sub 
connecting rod and the piston; and a sWing rod connect 
ing the sub connecting rod and the eccentric shaft, and 

oil scattered in the crankcase is guided to a position 
betWeen the connection tubular part of the sub connect 
ing rod and the crank pin, 
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Wherein an oil supply hole for supplying lubricating oil to 

the position betWeen the connection tubular part of the 
sub connecting rod and the crank pin is provided in an 
upper portion of the connection tubular part at a position 
Which is deviated from a direction of application of 
maximum load applied from the crank pin to an inner 
surface of the connection tubular part by maximum in 
tube pressure, and Which is immediately behind a point 
of application of the maximum load along a direction in 
Which the crank pin rotates relative to the sub connecting 
rod. 

2. The link type variable stroke engine according to claim 
1, Wherein 

the sub connecting rod includes: a pair of mutually facing 
plate parts integrally provided at right angles on an upper 
portion of the connection tubular part so as to sandWich, 
from opposite sides, end portions, on the sub connecting 
rod side, of the main connecting rod and the sWing rod, 
respectively; and a connection plate part rising from an 
outer surface of the connection tubular part at a position 
beloW an opened end of the oil supply hole open to the 
outer surface of the connection tubular part, the connec 
tion plate part connecting both the facing plate parts, and 

an oil sump communicating With the oil supply hole and 
being opened upWard is formed by the outer surface of 
the connection tubular part, both the facing plate parts 
and the connection plate part. 


