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(54) Four-stroke internal combustion engine lubrication device

(57) There is provided a four-stroke internal combus-
tion engine lubrication device that is capable of appro-
priately lubricating various parts regardless of engine at-
titude, of improving the capability for collecting excess
oil within a valve chamber or the like and the capability
for supplying oil to the various parts, and of reliably pre-
venting oil leakage from a breather port provided in the
valve chamber. It comprises: a reed valve (40) that allows
oil flow from an oil chamber (17) into a crankcase (15)
but prevents oil flow from the crankcase (15) to the oil
chamber (17); an oil supply passage (35) for supplying
oil from the crankcase (15) to a valve chamber (18); and
a plurality of independent oil collection passages (51, 52)
with differing inlet/outlet positions and for collecting in the
oil chamber (17) the excess oil in the valve chamber (18).
The dimensions of the various parts are so designed as
to constantly maintain the oil chamber (17) under nega-
tive pressure during operation. The excess oil within the
crankcase (15) is returned to the oil chamber (17) utliliz-
ing the negative pressure of the oil chamber (17).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a lubrication
device for a four-stroke internal combustion engine that
is suitable for use as a power source of a portable work
machine such as a brush cutter, a chain saw, etc., and
more specifically to a four-stroke internal combustion en-
gine lubrication device that is so arranged as to be ca-
pable of appropriately lubricating various parts regard-
less of the attitude of the work machine (engine), of im-
proving the capability for collecting excess oil within a
valve chamber, etc., and the capability for supplying oil
to the various parts, and of reliably preventing oil leakage
from a breather port (blow-by gas discharge port) provid-
ed in the valve chamber.

Background Art

[0002] As can be seen in JP Patent Publication (Kokai)
No. 2002-188423 A (Patent Document 1), etc., as four-
stroke internal combustion engines that are suitable for
use as power sources of portable work machines such
as brush cutters, chain saws, etc., there are known those
of the overhead cam type comprising: a cylinder portion
into which a piston is inserted; a valve chamber formed
above the cylinder portion; a crankcase formed below
the cylinder portion; and an oil chamber (oil reservoir)
formed at the outer circumference of the crankcase. With
the above, utilizing the up/down motion of the piston (i.e.,
the positive/negative pressure generated thereby), the
oil within the oil chamber is caused to flow into the crank-
case in mist form. The oil mist within the crankcase is
supplied to the valve chamber via an L-shaped passage
portion formed within a crankshaft, a gas-liquid separa-
tion chamber provided at the outer circumference there-
of, and an oil supply passage formed in the cylinder por-
tion.
[0003] Further, as can be seen in JP Patent Publication
(Kokai) No. 11-36839 A (1999) (Patent Document 2),
etc., there are known those in which a one-way valve is
provided between a crankcase and an oil chamber, the
positive pressure of the crankcase is utilized to supply
oil to various parts, and an oil circulation path in a given
direction from the crankcase to the oil chamber via a valve
chamber is formed.

SUMMARY OF THE INVENTION

[0004] However, conventional four-stroke internal
combustion engine lubrication devices such as those dis-
cussed above do not sufficiently address changes in the
attitude of the engine, and are deficient in terms of their
capability for collecting excess oil within the valve cham-
ber, etc., and their capability for supplying oil to various

parts. Thus, there are such problems as leakage of ex-
cess oil from within the valve chamber to the outside
through the breather port (blow-by gas discharge device),
etc.
[0005] The present invention is made in view of the
problems above, and an object thereof is to provide a
four-stroke internal combustion engine lubrication device
that is capable of appropriately lubricating various parts
regardless of the attitude of the engine, of improving the
capability for collecting excess oil within a valve chamber,
etc., and the capability for supplying oil to the various
parts, and of reliably preventing oil leakage from a breath-
er port (blow-by gas discharge port) provided in the valve
chamber.
[0006] With a view to achieving the objective above, a
four-stroke internal combustion engine lubrication device
according to the present invention basically comprises:
a cylinder portion into which a piston is inserted; a valve
chamber formed above the cylinder portion; a crankcase
formed below the cylinder portion; and an oil chamber
formed at the outer circumference of the crankcase,
wherein, utilizing the up/down motion of the piston, oil
within the oil chamber is caused to flow into the crankcase
in mist form. The four-stroke internal combustion engine
lubrication device further comprises: a one-way valve
configured to allow oil flow from the oil chamber into the
crankcase, while preventing oil flow from the crankcase
into the oil chamber; an oil supply passage for supplying
oil to the valve chamber from the crankcase; and a plu-
rality of independent oil collection passages with differing
inlet/outlet positions and for collecting in the oil chamber
the excess oil in the valve chamber, wherein the dimen-
sions of each part are so designed as to constantly main-
tain the oil chamber under negative pressure during op-
eration, and the excess oil within the crankcase is re-
turned to the oil chamber utilizing the negative pressure
of the oil chamber.
[0007] In a preferred embodiment, a reed valve is used
for the one-way valve.
[0008] In another preferred embodiment, the oil cham-
ber is disposed adjacent to the crankcase in such a man-
ner as to surround the crankcase with a baffle in-between,
and a predetermined number of fine holes are formed in
the baffle in order to return the excess oil within the crank-
case to the oil chamber utilizing the negative pressure of
the oil chamber.
[0009] In another preferred embodiment, in order to
improve the capability for sucking oil into the oil chamber
and prevent backflow, the effective passage sectional
area of the narrowest portion of each of the oil collection
passages is set to or below a predetermined value.
[0010] In another preferred embodiment, the oil mist
within the crankcase is supplied to the valve chamber via
an L-shaped passage portion formed within the crank-
shaft, a gas-liquid separation chamber provided at the
outer circumference thereof, and the oil supply passages.
[0011] In yet another preferred embodiment, the shape
of the oil chamber that surrounds the crankcase is such
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that there is provided an expansive bulging portion that
protrudes further outward, as compared to the other
sides, on a side below the crankshaft and where the valve
opening in the reed valve is located relative to the engine
centerline.
[0012] With a four-stroke internal combustion engine
lubrication device according to the present invention,
since a one-way valve, such as a reed valve, etc., is dis-
posed between the crankcase and the oil chamber in a
predetermined arrangement, it becomes possible to sep-
arate the pressure fluctuation that occurs within the
crankcase into positive pressure and negative pressure.
Consequently, it is possible to use the positive pressure
for pumping oil (supplying to various parts), and to use
the negative pressure for sucking (collecting) oil into the
oil chamber and for constantly maintaining the oil cham-
ber under negative pressure.
[0013] Further, when a reed valve is used for the one-
way valve, the reed valve opens as the piston rises and
the crankcase becomes negatively pressured (i.e., lower
in pressure than the oil chamber). As oil consequently
flows into the crankcase from the oil chamber, air and oil
end up rapidly passing through a small gap (ordinarily of
approximately 1 mm) that is formed between the valve
member and valve seat of the reed valve. Consequently,
the turning of oil into mist is further facilitated, and oil
flows into the crankcase (i.e., the reed valve functions as
a means for facilitating oil mist generation).
[0014] The read valve closes as the piston descends
and the crankcase becomes positively pressured (i.e.,
higher in pressure than the oil chamber), and the oil mist
within the crankcase is thus supplied to various parts. In
this case, some of the oil mist within the crankcase is
supplied to the valve chamber via the L-shaped passage
portion formed within the crankshaft, the gas-liquid sep-
aration chamber provided at the outer circumference
thereof, and the oil supply passages. At this point, since
the oil chamber is maintained under negative pressure,
the excess oil within the valve chamber is sucked into
and collected in the negatively pressured oil chamber via
the plurality of independent oil collection passages with
differeing inlet/outlet positions. Further, the excess oil
within the crankcase is also returned to the oil chamber
via, for example, fine holes formed in the baffle.
[0015] Thus, by having the oil chamber be negatively
pressured, it is possible to confer flow directionality to
each of the oil passages, and oil collection becomes pos-
sible regardless of engine attitude (upright, inclined, in-
verted, etc.). It is noted that since both the gas and liquid
portions within the oil chamber become negatively pres-
sured, positional freedom for the outlets (end portions)
of the oil collection passages (i.e., passage layout free-
dom) is extremely high, thereby enabling omnidirectional
operation.
[0016] Thus, according to a lubrication device of the
present invention, various parts can be appropriately lu-
bricated regardless of engine attitude, the capability for
collecting the excess oil within the valve chamber and

the capability for supplying oil to the various parts can be
improved, and oil leakage from the breather port (blow-
by gas discharge port) provided in the valve chamber
can be prevented reliably.
[0017] In addition, by virtue of the thus improved oil
collection capability, oil can be fed to the various parts in
sufficiently large amounts (i.e., oil circulation flow rate is
increased). Consequently, lubrication is improved, and,
at the same time, cooling of the various engine parts is
improved.
[0018] Further, if the plurality of oil collection passages
are integrated (merged) midway, gas would be more
readily sucked in than liquid, thereby making oil collection
difficult. However, by independently providing a plurality
of oil collection passages with differing inlet/outlet posi-
tions, as is done in the present invention, oil collection
becomes possible without compromising the suction ca-
pability of each oil collection passage.
[0019] In addition, since a predetermined number of
fine holes (insensitive to positive pressure but sensitive
to negative pressure) are formed in the baffle, which sep-
arates the oil chamber and the crankcase, as oil returning
means for returning the excess oil within the crankcase
to the oil chamber utilizing the negative pressure of the
oil chamber, it is possible to achieve overall simplification,
cost reduction, etc., as compared to cases in which other
oil returning means, such as a valve device, etc., are
employed.
[0020] In addition, since the oil chamber that surrounds
the crankcase is so shaped as to comprise an expansive
bulging portion in the direction in which the one-way valve
is provided so that the one-way valve would always be
maintained at a position above oil level regardless of en-
gine attitude, oil is prevented from flowing into the crank-
case while still in liquid form, and it is possible to realiably
supply to the crankcase oil that has been turned into mist.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a partially cutaway front view of an overhead
cam type four-stroke internal combustion engine to
which an embodiment of a lubrication device accord-
ing to the present invention is applied.
Fig. 2 is a partially cutaway side view as viewed in
the direction of arrow X in Fig. 1.
Fig. 3 is a schematic view corresponding to Fig. 1
and for illustrating an oil supply path and an oil col-
lection path.
Fig. 4 is a schematic view corresponding to Fig. 2
and for illustrating an oil supply path and an oil col-
lection path.

Description of Symbols

[0022]
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10 Overhead cam type four-stroke internal com-
bustion engine

11 Piston

15 Crankcase

16 Baffle

17 Oil chamber

18 Valve chamber

20 Crankshaft

35 Oil supply passage

40 Reed valve (one-way valve)

45 Fine hole (return hole)

51, 52 Oil collection passage

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0023] Embodiments of the present invention are de-
scribed below with reference to the drawings.
[0024] Fig. 1 is a partially cutaway front view of an over-
head cam type four-stroke intenal combustion engine to
which an embodiment of a lubrication device according
to the present invention is applied. Fig. 2 is a partially
cutaway side view as viewed in the direction of arrow X
in Fig. 1.
[0025] In Figs. 3 and 4, which are schematic views of
Figs. 1 and 2, respectively, the outlined white arrows in-
dicate the oil supply path, whereas the arrows with hatch-
ing indicate the oil collection path.
[0026] The engine 10 in Fig. 1 is an overhead cam type
four-stroke internal combustion engine with a displace-
ment of approximately 30 cc that is suitable for use as a
power source for a portable work machine such as a
brush cutter, a chain saw, etc. The engine 10 comprises:
a cylinder portion 12 into which a piston 11 is inserted;
an upper chamber defining portion 13 provided above
the cylinder portion 12; and a lower chamber defining
portion 14 of a two-part structure provided below the cyl-
inder portion 12. A valve chamber 18 in which a camshaft
25 for driving an intake/exhaust valve to open/close is
disposed is formed in the upper chamber defining portion
13. A crankcase 15, in which a crankshaft 20 that is linked
to the piston 11 via a con rod 22 is disposed, and an oil
chamber 17 (a reservoir for oil 5), which is disposed ad-
jacent to the crankcase 15 in such a manner as to sur-
round the crankcase 15 with a baffle 16 in-between, are
formed in the lower chamber defining portion 14.
[0027] The lower-left portion, as viewed from the front,
of the baffle 16 that separates the crankcase 15 and the

oil chamber 17 is open, and a reed valve 40 is attached
in such a manner as to block this opening.
[0028] In correspondence with the lower-left portion,
as viewed from the front, at which the reed valve 40 is
attached, the oil chamber is so arranged as to be greater
in volume at the position in the same direction as com-
pared to other directions. This is to maintain the reed
valve 40 above oil level regardless of attitude and state,
and to prevent oil from flowing into the crankcase in a
liquid state. In this respect, so long as the relative posi-
tions of expanded portion of the oil chamber and the reed
valve are maintained, the expanded portion and the reed
valve may be provided in any given direction.
[0029] It is noted that by providing them in, as viewed
from the front, the lower-left portion as is done in the
present embodiment, dead-space can be used effective-
ly, and the volume of the oil chamber can be secured
without increasing the longitudinal direction of the engine.
Further, only oil that has been turned into mist would flow
into the crankcase regardless of attitude, which is desir-
able.
[0030] The reed valve 40 comprises: a valve seat 41
comprising a metal plate member in which a valve open-
ing 42 of a predetermined diameter is formed; and an
elastically flexible tongue-shaped valve member 43 of
which one end is fixed to the surface of this valve seat
41 on the side of the crankcase 15, and of which the other
end covers and blocks the valve opening 42. Thus, this
reed valve 40 so functions as to allow oil flow from the
oil chamber 17 into the crankcase 15, while preventing
oil flow from the crankcase 15 into the oil chamber 17.
[0031] In addition, three fine holes 45 are provided (at
three locations) in the baffle 16 in order to return the ex-
cess oil within the crankcase 15 to the oil chamber 17
utilizing the negative pressure of the oil chamber 17. In
the present case, the fine holes 45 are each given a cir-
cular sectional shape with a diameter of approximately
1 mm so that they would be insensitive to positive pres-
sure but sensitive to negative pressure.
[0032] In addition, a breather port (blow-by gas dis-
charge port) 19 is provided in the center portion of the
valve chamber 18.
[0033] An oil supply passage 35 for supplying oil from
the crankcase 15 to the valve chamber 18, and two in-
dependent oil collection passages 51 and 52 for collect-
ing in the oil chamber 17 the excess oil within the valve
chamber 18 are formed in the wall portions of the cylinder
portion 12, the lower chamber defining portion 14 and
the upper chamber defining portion 13.
[0034] Here, the positive pressure of the crankcase 15
is used for supplying oil to the valve chamber 18, and the
oil mist within the crankcase 15 is supplied to the valve
chamber 18 via an L-shaped passage portion 31 formed
in the crankshaft 20, a gas-liquid separation chamber 32
provided at the outer circumference thereof, and the oil-
supply passage 35 (if necessary, see Patent Document
1 mentioned above for details). It is noted that the pas-
sage diameter (sectional diameter) of the passage 35 is
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set to approximately 3 mm or above in order to increase
supply amount (circulation amount).
[0035] Of the two independent oil collection passages
51 and 52, one (the first oil collection passage 51) has
its inlet (upper end portion) 51 a open into an excess oil
reservoir 18a (mainly for when the engine is upright) pro-
vided on the left side of the floor portion side of the valve
chamber 18 as viewed from the side, and the other (the
second oil collection passage 52) has its inlet (upper end
portion) 52a open into an excess oil reservoir 18b (mainly
for when the engine is inverted) provided on the right side
of the ceiling portion side of the valve chamber 18 as
viewed from the side. In addition, outlets (lower end por-
tions) 51b and 52b of the first and second oil collection
passages 51 and 52, respectively, open into the upper
portion of the oil chamber 17.
[0036] Further, for purposes of improving the capability
for sucking oil into the oil chamber 17 and of preventing
backflow, portions of the oil collection passages 51 and
52 on the side of the outlets 51b and 52b (downstream
portions), respectively, are made narrower than the up-
stream portions. Specifically, the passage diameter (sec-
tional diameter) of the respective upstream portions of
the oil collection passages 51 and 52 are set to approx-
imately 2.5 mm, with which adequate suction capability
can be attained, and the respective portions thereof on
the side of the outlets 51b and 52b (the downstream por-
tions) have their passage diameter set to approximately
1 mm in order to prevent backflow (from the oil chamber
17 to the valve chamber 18). It is noted that instead of
narrowing the passages 51 and 52, an orifice may be
provided in the middle of each passage. In addition, al-
though the sectional shapes of the passages 35, 51 and
52 have been defined as being circular in the present
case, generally similar working effects may be attained
with other shapes, too, so long as the effective passage
sectional areas are the same.
[0037] With a four-stroke internal combustion engine
lubrication device of the present embodiment having the
configuration above, since the reed valve 40 is disposed
between the crankcase 15 and the oil chamber 17 in a
predetermined arrangement, it becomes possible to sep-
arate the pressure fluctuation that occurs within the
crankcase 15 into positive pressure and negative pres-
sure. Consequently, it is possible to use the positive pres-
sure for pumping oil (supplying to various parts), and to
use the negative pressure for sucking (collecting) oil into
the oil chamber and for constantly maintaining the oil
chamber under negative pressure.
[0038] The reed valve 40 opens as the piston 11 rises
and the crankcase 15 becomes negatively pressured
(i.e., lower in pressure than the oil chamber). As oil con-
sequently flows into the crankcase 15 from the oil cham-
ber 17, air and oil end up rapidly passing through a small
gap (ordinarily of approximately 1 mm) that is formed
between the valve member 43 and valve seat 41 of the
reed valve 40. Consequently, the oil becomes mist-like
and flows into the crankcase (i.e., the reed valve 40 func-

tions as an oil mist generation means). It is noted that a
vibrating body may be provided in the oil chamber as the
oil mist generation means that causes the oil within the
oil chamber to flow into the crankcase in mist form.
[0039] Further, in this case, due to the negative pres-
sure of the crankcase, the oil within the gas-liquid sepa-
ration chamber 32 flows into the crankcase 15 via an oil
collection passage 38.
[0040] On the other hand, as the piston descends and
the crankcase 15 thus becomes positively pressured
(i.e., higher in pressure than the oil chamber), the reed
valve 40 closes and the oil mist within the crankcase 15
is supplied to various parts. In this case, some of the oil
mist within the crankcase 15 is supplied to the valve
chamber 18 via the L-shaped passage portion 31 formed
within the crankshaft 20, the gas-liquid separation cham-
ber 32 provided at the outer circumference thereof, and
the oil supply passage 35. Since the oil chamber 17 is
maintained under negative pressure at this point, the ex-
cess oil in the valve chamber 18 is sucked into and col-
lected in the negatively pressured oil chamber 17 via the
two independent oil collection passages 51 and 52 with
differing inlet/outlet positions., while the excess oil in the
crankcase 15 is also returned to the oil chamber 17 via
the three fine holes 45, 45, 45 formed in the baffle 16.
[0041] Thus, by having the oil chamber 17 be nega-
tively pressured, it is possible to confer flow directionality
to each of the oil passages, and oil collection becomes
possible regardless of the attitude of the engine 10 (e.g.,
upright, inclined, inverted, etc.). It is noted that since both
the gas and liquid portions within the oil chamber 17 are
negatively pressured, the positional freedom of the re-
spective outlets (downstream end portions) 51b and 52b
of the oil collection passages 51 and 52 (i.e., the freedom
of passage layout) is extremely high, thereby enabling
omnidirectional operation.
[0042] Thus, according to a lubrication device of the
present embodiment, various parts can be appropriately
lubricated regardless of engine attitude, the capability for
collecting the excess oil within the valve chamber 18 and
the capability for supplying oil to the various parts can be
improved, and oil leakage from the breather port (blow-
by gas discharge port) 19 provided in the valve chamber
18 can be prevented reliability.
[0043] In addition, by virtue of the thus improved oil
collection capability, oil can be adequately fed to the var-
ious parts (i.e., oil circulation flow rate is increased), as
a result of which it is possible to improve lubrication, while
at the same time improving cooling for the various parts
of the engine.
[0044] Further, if the two oil collection passages 51
and 52 are integrated (merged) midway, gas is some-
times sucked in more readily than liquid when one of
them sucks gas in, thereby making oil collection difficult.
However, by independently providing the two oil collec-
tion passages 51 and 52 with differing inlet/outlet posi-
tions as in the present embodiment, oil collection be-
comes possible without compromising the suction capa-
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bility of each of the oil collection passages 51 and 52.
[0045] In addition, since the three fine holes 45 (insen-
sitive to positive pressure but sensitive to negative pres-
sure) are formed in the baffle 16, which separates the oil
chamber 17 and the crankcase 15, as oil returning means
for returning the excess oil within the crankcase 15 to the
oil chamber 17 utilizing the negative pressure of the oil
chamber 17, it is possible to achieve overall simplifica-
tion, cost reduction, etc., as compared to cases in which
other oil returning means, such as valve devices, etc.,
are employed.

Claims

1. A four-stroke internal combustion engine lubrication
device comprising:

a cylinder portion into which a piston is inserted;
a valve chamber formed above the cylinder por-
tion;
a crankcase formed below the cylinder portion;
and
an oil chamber formed at the outer circumfer-
ence of the crankcase, wherein
oil within the oil chamber is caused to flow into
the crankcase in mist form utilizing an up/down
motion of the piston, and
the four-stroke internal combustion engine lubri-
cation device further comprises:

a one-way valve configured to allow oil flow
from the oil chamber into the crankcase, but
prevent oil flow from the crankcase to the
oil chamber;
an oil supply passage configured to supply
oil from the crankcase to the valve chamber;
and
a plurality of independent oil collection pas-
sages with differing inlet/outlet positions,
the oil collection passages configured to
collect in the oil chamber excess oil in the
valve chamber, wherein
dimensions of each part are so designed
that the oil chamber would be constantly
maintained under negative pressure during
operation, and
excess oil within the crankcase is returned
to the oil chamber utilizing the negative
pressure of the oil chamber.

2. The four-stroke internal combustion engine lubrica-
tion device according to claim 1 wherein the one-
way valve is a reed valve.

3. The four-stroke internal combustion engine lubrica-
tion device according to claim 1 or 2, wherein the oil
chamber is disposed adjacent to the crankcase in

such a manner as to surround the crankcase with a
baffle in-between, and
a predetermined number of fine holes are formed in
the baffle in order to return the excess oil within the
crankcase to the oil chamber utilizing the negative
pressure of the oil chamber.

4. The four-stroke internal combustion engine lubrica-
tion device according to claim 1 wherein, in order to
improve capability for sucking oil into the oil chamber
and to prevent backflow, an effective passage sec-
tional area of the narrowest portion of each of the oil
collection passages is set to or below a predeter-
mined value.

5. The four-stroke internal combustion engine lubrica-
tion device according to claim 1 wherein an oil mist
within the crankcase is suppliled to the valve cham-
ber via an L-shaped passage portion formed within
a crankshaft, a gas-liquid separation chamber pro-
vided at the outer circumference thereof, and the oil
supply passage.

6. The four-stroke internal combustion engine lubrica-
tion device according to claim 2 wherein
a valve opening in the reed valve is disposed at a
position that is set apart from the engine centerline
by a predetermined distance in a predetermined di-
rection below the crankshaft, and
in conjunction therewith, the shape of the oil chamber
that surrounds the crankcase is so configured as to
comprise, so that the valve opening in the reed valve
would assume a position above the level of the oil
within the oil chamber regardless of engine attitude,
an expansive bulging portion configured to protrude
further outward, as compared to other sides, on a
side below the crankshaft and where the valve open-
ing in the reed valve is located relative to the engine
centerline.
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