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(57) A single cylinder, internal combustion engine
with a dry sump lubrication system. The engine includes
an engine housing in which the overhead camshaft (40)
and crankshaft (42) are rotatably supported, and the
housing includes an integrally formed cylinder (22) and
head (24). A timing belt (105) disposed externally of the
engine housing interconnects the crankshaft and cam-
shaft, and a piston (46) connected to the crankshaft re-
ciprocates within an internal bore provided in the engine
housing cylinder. The cylinder wall (48) around the in-
ternal bore is of a generally uniform thickness and cir-
cumscribed by cooling fins such that the cylinder resists
bore distortion during operation. Dry sump lubrication is
obtained by an external oil reservoir (135) connected to
a pump (161) which supplies pressurized oil to the bear-
ing journals of the camshaft. The reciprocating motion
of the valve assemblies (67, 68) controlling intake and
exhaust of the combustion chamber pumps the oil which
lubricated the camshaft back to the external reservoir.
The reciprocating motion of the piston similarly effects
a high pressure within the crankcase cavity to pump oil
which has lubricated the crankshaft back to the external
reservoir.

Overhead cam engine with dry sump lubrication system
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Description

[0001] The present invention pertains to a portable
engine, and, in particular, to a single cylinder internal
combustion engine of the size and type adapted for use
in power equipment such as that used in lawn and gar-
den, general utility and snow removal operations. Such
equipment includes but is not limited to lawnmowers,
snow throwers, generators, string trimmers, leaf blow-
ers, ice augers, earth movers, etc.

[0002] A variety of portable engines which are rela-
tively lightweight have been employed with outdoor or
lawn and garden power equipment such as lawnmow-
ers, string trimmers and the like. While both four cycle
and two cycle engine designs have previously been uti-
lized, four cycle engines have generally emerged as the
preferred design from the standpoint of reducing ex-
haust and noise emissions. In particular, recent legisla-
tion has reduced allowable exhaust emission levels to
a point where the engine must be carefully designed to
comply with promulgated emission levels, and four cycle
engines typically burn cleaner than two cycle engines.
[0003] One shortcoming of some commercially avail-
able four cycle engines that undesirably leads to higher
emissions relates to their propensity to distort in shape.
As the engine heats up during usage, the thermal ex-
pansion of the engine cylinder block components may
produce bore distortions which allow leakage, such as
lubricating oil, to pass the piston rings and pollute the
engine exhaust. In particular, due to weight and space
restrictions inherent in the utilization of these portable
engines, and in order to accommodate other mechani-
cal workings of the engines such as drive components
for an overhead camshaft, the cylinder bore wall thick-
ness may vary markedly around the bore perimeter. In
addition, the walls may be less rigid than optimal be-
cause a thin inner wall must be provided to separate
multiple internal chambers. In addition, reinforcing rib-
bing may be withheld due to spacing requirements.
These wall thickness variations and lack of rigidity may
resultin a non-uniform expansion or distorting of the cyl-
inder bore during combustion pressure and thermal cy-
cling, and consequently an unclean engine combustion
may occur. A further consequence of such distortion
producing leakage is to form oil-based deposits in the
combustion chamber. It is well known that these depos-
its are an important source of the emission of volatile
organic compounds, a critical constituent in the control
of exhaust emissions. Build-up of these deposits over
time is the main contributor to the deterioration of the
control of exhaust emissions over the useful life of an
engine.

[0004] Another potential source of cylinder bore dis-
tortion stems from the use of a separate head and cyl-
inder. When a cylinder head is fastened to the cylinder
block, the point loading around the cylinder bore which
occurs with head bolt torquing may create sufficient bore
distortion to compromise the seal with the piston. The
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head gasket normally introduced between the cylinder
and head creates additional bore distortion concerns.
For example, because the head gasket serves as a heat
transfer barrier and thereby does not uniformly distribute
the heat energy over the cooling surfaces of the engine,
distortion potential of the cylinder bore associated with
thermal expansion may be exacerbated.

[0005] Another shortcoming of some existing single
cylinder engines relates to their lubrication system.
Many engines depend on a continual splashing of the
lubricant collected in the sump to lubricate the moving
engine components. This splashing technique is not en-
tirely satisfactory as it tends to be less reliable in thor-
oughness than pressurized lubrication. Further, be-
cause splash-type lubrication demands that the engine
remain in a designed-for orientation to ensure the oil
splashers extend into the collected lubricant, the orien-
tations at which the engine can operate may be limited,
thereby hindering engine applications. In other systems,
a pump immersed in the lubricant collected in the crank-
case sump distributes that lubricant around the engine.
In addition to having a limited range of engine orienta-
tions at which a given pump will function, this configu-
ration has several disadvantages. For example, a sep-
arate pump is required which may increase the engine
weight, engine cost and be inconvenient to access for
servicing. In addition, the amount of oil is limited by the
crankcase volume. Still other engines which use a dry
sump lubrication system require an additional pump
mechanism to pump the sump contents to a reservoir,
and this additional pump adds undesirable weight and
cost.

[0006] The need for flywheels introduces other prob-
lems in portable engines. Due to space constraints, fly-
wheels are typically mounted on the crankshaft at a po-
sition external of the engine housing and in a cantilev-
ered fashion. To support this cantilevered flywheel mass
without failure, the crankshaft must be formed with a
stronger shaft than would be required without an exter-
nal flywheel. Regardless of whether this stronger shaft
is obtained by using a stronger material or by providing
a larger diameter shaft, the overall weight of the engine
is likely to be increased, and the ease of portability of
the engine is thereby diminished. In addition, flywheels
are frequently formed separately from the crankshaft
and then rotatably fixed together via keying. Unfortu-
nately, during aggressive or emergency stopping which
can occur by accident or by use of braking devices, the
inertia of the flywheel can lead to breakage of the key
between the crankshaft and the flywheel, which renders
the engine nonoperational.

[0007] Thus, itis desirable to provide a small internal
combustion engine which overcomes these and other
disadvantages of prior art engines.

[0008] The present invention provides a single cylin-
der, four cycle overhead cam engine designed to satisfy
existing emission standards while still providing a light-
weight construction convenient for applications such as
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lawnmowers and handheld devices. The uniform wall
thickness and reinforcing ribs incorporated into the en-
gine cylinder block reduces bore distortions which pre-
cipitate an unclean operation. The dry sump lubrication
system employed eliminates the need for an extra
pump, which would undesirably add weight to the en-
gine, to lift oil used to lubricate the engine parts back to
a reservoir for recirculation. This unique means of pro-
viding "free" lift pumps saves both weight and cost. By
mounting the engine flywheels internally of the engine
housing and introducing a lightweight fan on the crank-
shaft externally of the housing, the inventive engine can
be formed with a lighter crankshaft but still be provided
with a cooling air flow over the engine housing.

[0009] The invention, in one form thereof, is a single
cylinder, four stroke cycle, overhead cam engine having
an engine block that includes an integrally formed cyl-
inder and cylinder head and having a crankshaft cavity
and a crankcase cavity, an interconnected crankshaft,
connecting rod and piston disposed in the crankcase
cavity, and a camshaft and belt assembly disposed in
said camshaft cavity.

[0010] A pair of valve stem bores extend through the
block between the camshaft and crankcase cavities, the
valve assembly including valve stems disposed in the
stem bores. There are no further internal passages in
the block extending between the camshaft and crank-
case cavities. Along the axial segment of the cylinder
wall in which the piston reciprocates, the wall has a sub-
stantially uniform thickness around substantially all of
the wall circumference.

[0011] In accordance with another form of the inven-
tion, the engine comprises an engine housing including
a cylinder and a cylinder head wherein the cylinder de-
fines an internal bore. A crankshaft is disposed within
the housing and extends externally thereof and a piston
is operably connected to the crankshaft and mounted
for reciprication within the bore. A camshaft is disposed
within the housing and is operably connected to the
crankshaft, and a valve assembly is operably connected
with the camshaft for regulating inlet to and exhaust from
the cylinder bore. A lubricant reservoir is located exter-
nal to the engine housing and lubricant is supplied from
the reservoir to the camshaft by means of a pump that
includes a mechanism for returning lubricant used to lu-
bricate the camshaft within the engine back to the ex-
ternal reservoir by means of a pumping action produced
by shifting of said valve assembly to force lubricant
through a conduit to the reservaoir.

[0012] One advantage of the engine of the present in-
vention is that the substantially uniform wall thickness
of the cylinder reduces the possibility of bore distortion
likely to cause undesirable emissions.

[0013] Another advantage of the present invention is
that cooling fins completely encircling the cylinder in-
crease the rigidity of the cylinder and thereby reduce the
possibility of bore distortion.

[0014] Another advantage of the present invention is
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that the integral cylinder and cylinder head eliminates
the need for a head gasket as well as elimination of dis-
tortion producing fasteners between the cylinder head
and cylinder block.

[0015] Another advantage of the present invention is
that a pressurized lubricating system provides a reliable
lubrication at a variety of engine orientations.

[0016] Another advantage of the present invention is
that a dry sump lubrication system is provided which
does not require an additional pump to convey oil from
the sump to an external reservoir. In addition, the dry
sump lubrication system provides increased flexibility of
engine orientation.

[0017] Another advantage of the present invention is
that the camshaft can be conveniently molded in one-
piece from a non-metallic material which generates less
noise during operation than many metal camshafts. In
addition, this camshaft design is much lighter in weight
than metallic camshafts, and requires no machining af-
ter molding.

[0018] Another advantage of the present invention is
that the one-piece molded camshaft can be provided
with an inner rotor of a gerotor pump mechanism to re-
duce the number of component pieces of the engine.
[0019] Still another advantage of the present inven-
tion is that the flywheel is located within the crankcase
and not cantilevered externally of the crankcase, there-
by allowing the use of less strong crankshafts and small-
er bearings, thus reducing weight and friction.

[0020] Still another advantage of the present inven-
tion is that the flywheel may be formed integrally with
the crankshaft, thereby allowing for design of a lighter
crankshaft from less costly materials. This allows weight
and cost savings as well as allowing for drastic braking
of the crankshaft without risk of the flywheel breaking
free from the crankshaft.

[0021] Still another advantage of the present inven-
tion is that a plastic fan mounted on the crankshaft can
be used to effectively cool the engine without adding ex-
cessive weight.

[0022] Still another advantage of the present inven-
tion is that the overhead valve seat can be cast in place
during cylinder block casting, thereby eliminating the
need to machine the cylinder head for receipt of the
valve seat. This reduces cost as well as eliminating a
common reliability problem caused by pressed-in seats
falling out during operation.

[0023] The above mentioned and other advantages
and objects of this invention, and the manner of attaining
them, will become more apparent and the invention itself
will be better understood by reference to the following
description of embodiments of the invention taken in
conjunction with the accompanying drawings, wherein:

Fig. 1 is a diagrammatic vertical view in partial
cross-section of an internal combustion engine con-
figured according to the principles of the present in-
vention;
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Fig. 2 is a diagrammatic plan view of the engine of
Fig. 1, wherein portions have been removed to bet-
terillustrate the interconnection of the camshaft and
crankshaft externally of the cylinder block via the
timing belt;

Fig. 3 is an exploded view of selected portions of
the engine of Fig. 1, namely the cam cover, cylinder
block, crankcase cover, camshaft, crankshaft, and
timing belt;

Fig. 4 is a cross-sectional view, taken along line 4-4
of Fig. 1, showing the generally uniform wall thick-
ness of the cylinder;

Fig. 5 is a perspective view of the one-piece cam-
shaft of the engine of Fig. 1;

Fig. 6 is an abstract perspective view of one em-
bodiment of a crankshaft in a disassembled condi-
tion;

Fig. 7 is a perspective view of the crankshaft mount-
ed fan of the engine of Fig. 1;

Fig. 8 is an enlarged view of that portion of the lu-
brication system shown in Fig. 1 utilized to lubricate
the camshaft region of the engine;

Fig. 9 is an enlarged view of that portion of the lu-
brication system shown in Fig. 1 utilized to lubricate
the crankshaft region of the engine;

Fig. 10 is a diagrammatic view of the overall config-
uration and operation of one embodiment of the dry
sump, pressurized lubrication system of the present
invention; and

Figs. 11A and 11B are enlarged diagrammatic views
of the valve assemblies and the driving camshaft at
two sequential stages of operation during which the
alternating reciprocating motion of the valve assem-
blies pumps the oil introduced around the valve as-
semblies back to the external oil reservoir.

[0024] Corresponding reference characters indicate
corresponding parts throughout the several views. Al-
though the drawings represent embodiments of the in-
vention, the drawings are not necessarily to scale and
certain features may be exaggerated in order to better
illustrate and explain the present invention.

[0025] The embodiments disclosed below are not in-
tended to be exhaustive or limit the invention to the pre-
cise forms disclosed in the following detailed descrip-
tion.

[0026] Referring to Fig. 1, there is diagrammatically
shown a vertical crankshaft type internal combustion en-
gine, generally designated 20, configured in accordance
with the present invention. While the shown vertical
crankshaft orientation finds beneficial application in a
variety of devices including lawnmowers, engine 20
could be otherwise arranged and oriented, for example
with a horizontally oriented crankshaft or any angle in-
between, within the scope of the invention.

[0027] As shown in Fig. 1, and with additional refer-
ence to the perspective view of Fig. 3, the housing of
engine 20 is formed in part by a cylinder block including
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a central cylinder 22 integrally formed with both cylinder
head 24 and an upper crankcase skirt 26. The cylinder
block is a one-piece die casting which is cast from a
lightweight material, such as aluminum, and then ma-
chined to a final shape. The engine housing also in-
cludes die cast cam cover 28 and crankcase cover 30
respectively secured to cylinder head 24 and crankcase
skirt 26 with suitable fasteners such as bolts (not
shown). Cylinder head 24 and cam cover 28 include co-
operating journal bearings 32, 33, 34 and 35 upon which
an overhead camshaft, generally designated 40, is ro-
tatably supported. At their interface, crankcase skirt 26
and crankcase cover 30 similarly include cooperating
journal bearings 36, 37 and 38, 39 for the crankshaft,
generally designated 42. Journal bearings 32-39 may
be integrally formed with their respective engine hous-
ings as shown, or could be otherwise provided within
the scope of the invention.

[0028] Cylinder 22 is provided with a cylindrical axial
bore 44 in which a die cast elliptical barrel-faced piston
46 with associated rings translates in a reciprocating
fashion during operation. The volume within bore 44 be-
tween piston 46 and cylinder head 24 serves as a com-
bustion chamber for engine 20. Along at least the axial
segment of the cylinder bore 44 in which piston 46 slides
during reciprocating strokes, cylinder 22 is substantially
symmetrical about the axis of the piston stroke. This
symmetry advantageously results in a more uniform
thermal expansion of cylinder 22 in the radial direction
during use that reduces cylinder bore distortion. For ex-
ample, as shown in Fig. 4, which is a transverse cross-
section taken along line 4-4 of Fig. 1, cylinder 22 is
formed of a single, generally ring-shaped wall 48 having
an inner radial periphery 50 defining bore 44. The outer
radial periphery 52 of wall 48 is exposed to allow passing
air to draw off heat generated during combustion within
bore 44. Except for two radially projecting bosses 54,
55 spaced 180° apart and through which pass symmet-
rical axially-extending lubrication conduits 56, 57 drilled
therethrough, wall 48 is exactly ring-shaped. Wall 48
has a substantially uniform thickness in the range of
0.180" to 0.250", and preferably a thickness of about
0.180". As best shown in Fig. 4, circumscribing cylinder
22 and radially projecting therefrom are a series of axi-
ally spaced, annular cooling fins 59. Fins 59 are uniform-
ly shaped along the length of cylinder 22. In addition to
providing an increased surface area for dissipating heat,
cooling fins 59 act as stiffening ribs for cylinder 22 that
add rigidity which further hinders bore distortion.
[0029] With direction in reference to the stroke of pis-
ton 46 relative to crankshaft 42, at the top of cylinder
bore 44 is a one-piece valve seat 61 provided within cyl-
inder head 24. Valve seat 61 seats the valve heads 64,
65 of exhaust and inlet poppet valve assemblies 67, 68.
Valve seat 61 is a net shape insert, preferably preformed
from a powdered metal composition such as Zenith sin-
tered product no. FO008-30, which is cast in cylinder
head 24. In particular, after valve seat 61 is inserted into
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the cylinder block die, the die is closed and the casting
of the block occurs. Raised plateau sections 62 that lat-
erally and upwardly project from opposite side edges of
valve seat 61 permit the molten aluminum injected into
the closed die to mold around the raised sections 62 to
maintain valve seat 61 in position. It will be recognized
that no machining is required to insert valve seat 61 into
the cylinder block with this cast-in insertion technique.
Alternately shaped and arranged modules, including re-
cesses provided within valve seat 61, that provide sim-
ilar securing functions as raised plateau sections 62
could naturally be substituted within the scope of the in-
vention.

[0030] Valve assemblies 67, 68, which control flow
communication between the combustion chamber 44
and the inlet port 70 (See Fig. 3) and the exhaust port
(not shown) in the cylinder block, or vice versa, may be
of traditional design and are selectively engaged during
the four stroke engine cycle by overhead camshaft 40.
Suitable seals (not shown) prevent lubricant introduced
within the camshaft cavity region from reaching bore 44.
As further shown in Fig. 5, camshaft 40 includes a cam
sprocket 72 such as a notched pulley at one axial end,
a gerotor pump inner rotor 74 with pilot 75 at the oppo-
site axial end, intermediate journal sections 76, 77 that
rotate within bearings 32-35, and cam lobes 79, 80 that
directly actuate separate valve assemblies 67, 68. Cam-
shaft 40 is preferably formed in one-piece from a light-
weight thermoset or thermoplastic material, such as
Fiberite FM-4017 F. This plastic material tends to pro-
duce less noise during engagement with valve assem-
blies 67, 68 and bearings 32-35 than do standard metal
materials. This material further allows ready provision
of precisely designed shapes requiring little or no ma-
chining while achieving a low weight. Alternative cam-
shaft constructions, including an assembly of compo-
nent parts made from various materials, may also be
employed.

[0031] Aligned parallel to camshaft 40 is crankshaft
42, which is diagrammatically shown in Fig. 1. Crank-
shaft 42 is formed from cast ferrous material such as
ductile iron and includes a lower shaft portion including
a journal section 83 and a stub shaft 84 which outwardly
extends from the engine housing for power take off to
drive, for example, a lawnmower blade. The upper shaft
portion of crankshaft 42 includes journal section 86, a
shaft segment 87, and an upper stub shaft 88 (see Fig.
3). A sintered metal drive sprocket 90 such as a pulley
with a notched outer periphery is axially inserted over
shaft segment 87 and is attached for rotation therewith
via a tapered key (not shown). Between bearing journals
83, 86 and housed within the crankcase cavity 91 de-
fined by crankcase cover 30 and crankcase skirt 26,
crankshaft 42 includes a pair of counterweight/flywheel
members 94, 95. Members 94, 95 are preferably inte-
grally formed with journal sections 83, 86, respectively,
and are interconnected by a spanning crank pin 93. A
two-piece extruded or cast connecting rod 92 is pivotally
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attached to piston 46 with a wrist pin (not shown) and is
rotatably supported on crank pin 93. In an alternative
embodiment the connecting rod may be of one piece
construction. The wrist pin can be secured with conven-
tional retainers or alternatively with plastic inserts at ei-
ther end of the axially floating wrist pin which engage
the cylinder bore wall and the opposite ends of the wrist
pin.

[0032] As best shown in Fig. 3, counterweight/fly-
wheel members 94, 95 include disc-shaped flywheel
portions 97, 98 axially centered on crankshaft 42. Fly-
wheel portions 97, 98 function as a conventional fly-
wheel to provide all the rotational inertia to crankshaft
42 necessary to even out crankshaft rotation during the
four cycle operation and to maintain crankshaft rotation
during the piston strokes other than the power stroke.
Counterweight/flywheel members 94, 95 further include
counterweight portions 99, 100 at the same axial loca-
tions along crankshaft 42 as flywheel portions 97, 98.
While in the shown configuration part of the flywheel por-
tions 97, 98 and counterweight portions 99, 100 are
merged together, the portions could have an alternative
arrangement, such as an axially stacked arrangement
within cavity 91. The placement of flywheel portions 97,
98 within cavity 91 and in close proximity to the journal
bearings 36-39 avoids the use of a large cantilevered
mass outside the engine housing which cannot be per-
fectly balanced and thus creates unwanted torsional
forces on the crankshaft. In addition, bending and shear
stresses are also imparted to the crankshaft.

[0033] As represented in the abstract perspective
view of Fig. 6, crankshaft 42 can be fashioned by form-
ing counterweight/flywheel members 94, 95 integral
with the upper and lower shaft portions respectively.
Crankshaft 42 is completed by providing a crank pin 93
having cylindrical plugs 93a, 93b insertable into coop-
eratively shaped recesses 101, 102 provided in mem-
bers 94, 95. An alternative to the shown configuration
of a stepped crank pin would be a straight pin.

[0034] Referringagain to Fig. 1, drive sprocket 90 and
cam sprocket 72 are preferably interconnected by an
endless loop driver, such as a chain or timing belt,
mounted externally of the engine housing. Timing belt
105 shown effects the transmission of rotational motion
from crankshaft 42 to camshaft 40 and achieves the
timed relation therebetween necessary for proper en-
gine operation. Flexible timing belt 105, which includes
notches on its inner or outer surface oriented perpen-
dicular to the direction of belt travel, also passes over
idler pulley 106, which is abstractly shown in Fig. 2. Idler
pulley 106 is a non-spring loaded, adjustable sealed ball
bearing mounted on an eccentric, but may also be of
other conventional constructions, including spring load-
ed for automatic adjustment. A governor (not shown) of
a suitable construction may be axially mounted on idler
pulley 106 or cam sprocket 72 to regulate the engine
speed. By mounting a governor at such a location, the
governor can be positioned in close proximity to the car-
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buretor, and also need not be associated with leak-
prone sealed rods projecting from the crankcase. The
governor may also be of a commonly known air vane
type.

[0035] Mounted to upper stub shaft 88 is a lightweight
centrifugal-type fan 108 utilized to force cooling air over
the housing of engine 20. Fan 108 may be constructed
with minimal mass as it is not intended to provide the
rotational inertia already provided by flywheel portions
97, 98. As a result, the moment produced on the crank-
shaftis relatively minor. As further shown in the perspec-
tive view of Fig. 7, fan 108 includes a disc-shaped body
109 molded from thermoset or UV modified thermoplas-
tic with blades 111 for air circulation. Body 109 includes
a raised spoke 113 having an outer radial periphery into
which ignition magnets 115, 116 are molded. Magnets
115, 116 cooperate with engine ignition system 128
mounted to the engine housing 22 to generate sparking
within the combustion chamber that initiates internal
combustion. Fan body 109 further includes counter-
weight 118 which balances the weight of magnets 115,
116 and spoke 113, and counterweight 118 may include
a metal insert molded therein. Molded into the center of
body 109 is a relatively sturdy, multi-lobed aluminum in-
sert 120 which functions in the shown embodiment as
both a mounting hub for fan 108 and a starter cup. In
particular, mounting hub/starter cup insert 120 includes
axial bore 121 which receives stub shaft 88 and is at-
tached for rotation therewith via a tapered key (not
shown). In outer surface 123, mounting hub/starter cup
120 includes recesses 124 structured for engagement
with the pawls (not shown) of recoil starter 129 which
descend when starter 129 is utilized. Radial lobes 125,
126 shown in Fig. 7 define angular gaps therebetween
filled with molded plastic to prevent insert 120 from sep-
arating from fan body 109 during starting. As the precise
construction of ignition system 128 and recoil starter 129
are not material to the presentinvention and can be one
of a variety of well known types, further explanation is
not provided herein. In situations where an electric start-
er sccompanies or replaces recoil starter 129, a grooved
ring (not shown) preferably integrally formed in the bot-
tom surface of fan body 109 may be utilized for engaging
a starter pinion. Although plastic is preferred from a
weight standpoint, other materials including aluminum
may be used to form fan body 109. In an alternative em-
bodiment (not shown) using commonly known alterna-
tive ignition means, the fan 108 may be of a simpler con-
struction with additional cooling blades replacing spoke
113, magnets 115, 116 and counterweight 118. This sim-
pler, lighter, more efficient fan would be fastened to a
stub shaft (not shown) with simpler fasteners, such as
intregrally molded clips or simple rivets. In this alterna-
tive the recoil starter hub may be separately attached or
integrally molded to the fan.

[0036] Referring again to Fig. 1, engine 20 is prefer-
ably kept lubricated with a dry sump pressurized lubri-
cation system that allows for multi-positional operation.
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The system includes an oil reservoir 135 mounted ex-
ternally of and to the engine housing. Although shown
at an elevation below the engine housing, reservoir 135
could be positioned above the balance of engine 20
without compromising the lubrication system operation.
Qil reservoir 135 may be formed of a durable transpar-
ent plastic material such as nylon 6.6 thermoplastic, and
with appropriate indicia to allow a visual determination
of ail level. Afirst oil return conduit 138 formed of flexible
tubing with a 0.125" - 0.500" internal diameter extends
between a crankcase outlet 140, namely a housing bore
opening into crankcase cavity 91, and a reservoir inlet
141 opening into oil reservoir 135 above the collected
lubricant: A second similarly constructed oil return con-
duit 143 with a 0.125" - 0.500" internal diameter com-
municates with an outlet 145 and reservoir inlet 147.
Outlet 145 is a bore, drilled through cylinder head 24,
which opens into the head cavity 180, shown in Fig. 8,
in which the biasing components of valve assembly 67
are housed. Return conduits 138 and 143 circulate the
oil delivered to crankshaft 42 and overhead camshaft
40 respectively as described further below.

[0037] An abstractly shown breather/filler cap 150 se-
curely fits over an inlet 152 through which replacement
oil can be poured into reservoir 135. Breather 150 is a
conventional filter-type assembly that includes check
valve 149 allows one-way air flow out of reservoir 135,
while preventing oil passage. Breather 150 includes an
air exhaust port 151 which may be connected in flow
communication with air intake port 70 on the carburetor
air filter (not shown) or with the carburetor (not shown).
The particular construction of breather 150 is not mate-
rial to the invention and may be one of many suitable
designs known in the art. Rather than being formed into
the inlet cap, breather 150 could instead be integrated
into a wall of reservoir 135 removed from inlet 152. Oil
pick-up 155 includes an oil filter submerged within the
volume of oil maintained in reservoir 135 and connects
toa0.125" - 0.500" internal diameter supply conduit 159
leading to the lubrication system pump mechanism used
to pressurize the oil introduced into engine 20. Oil pick-
up 155 may be constructed of flexible tubing with a
weighted inlet end to cause it to remain submerged with-
in the reservoir fluid when the engine is tilted from a
standard orientation. Check valve 157 is of a standard
construction and is located within conduit 159 to permit
one way flow of oil from reservoir 135. Oil reservoir 135
may also be mounted directly to oil pump 161 in certain
orientations (not shown) which precludes the need for
supply conduit 159 and check valve 157

[0038] The configuration of the pressurized lubrica-
tion system will be further explained with reference to
Figs. 8 and 9, which respectively show enlarged views
of the engine parts used to lubricate camshaft 40 and
crankshaft 42. The preferred pump mechanism fed by
supply conduit 159 is a gerotor type pump which oper-
ates in a known manner. In the shown embodiment, the
pump is generally designated 161 and utilizes the rota-
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tion of camshaft 40 to perform the pumping operations.
Alternate types of pumps, including those which are
separate from the remaining working components of en-
gine 20, may be used to drive the lubrication system
within the scope of the invention. The pump 161 in-
cludes a thermoset plastic cover plate 162, attached to
the engine housing with bolts and an O-ring seal (not
shown). A pressed metal or plastic outer rotor 165,
which is retained by plate 162 and cooperatively shaped
with inner rotor 74 of camshaft 40 to effect fluid pressur-
ization is also included. Camshaft hub 75 is provided
with bearing surfaces 166 in cover plate 162. Pump inlet
port 163 communicates with the downstream end of oil
supply conduit 159. Pressurized oil that is outlet at port
164 is forced into bore 167 within cam cover 28. A pres-
sure relief valve 168 returns high pressure oil from port
164 to inlet port 163 to prevent excessive pressure.
Cross bores 169, 170 distribute oil within bore 167 to
annular grooves 172, 173 which are provided in bear-
ings 32, 34 and 33, 35 respectively and which ring jour-
nals 76, 77. At their upstream ends, oil conduits 56, 57
open into grooves 172, 173 to allow oil communication
therebetween. Conduits 56, 57 extend through cylinder
head 24 and cylinder 22 toward crankshaft 42. Conduits
56, 57 are shown being parallel to bore 44, and conse-
quently bosses 54, 55 radially project a uniform distance
along the axial length of cylinder 22.

[0039] Referring now to Fig. 9, atits downstream end,
oil conduit 56 terminates at bearing surface 36 to effect
lubrication of crankshaft journal 83. For the vertical type
crankshaft arrangement shown, journal 83 is further lu-
bricated by the quantity of oil which falls to the bottom
of cavity 91. Oil conduit 57 terminates at annular groove
175 formed in journal bearings 37, 39. Lubrication bore
177 drilled through counterweight/flywheel member 95
and journal 86 extends between annular groove 175 and
the bearing surface between connecting rod 92 and
crank pin 93. Annular groove 175 continuously commu-
nicates with bore 177 during crankshaft 42 rotation to
provide uninterrupted pressurized lubrication for the
bearing surface of connecting rod 92 throughout oper-
ation. Although not shown, an axial bore extending be-
tween the connecting rod bearing surface and the wrist
pin for piston 46 may be provided to provide pressure
lubrication for the wrist pin.

[0040] The structure of the lubrication system of the
present invention will be further understood in view of
the following general explanation of its operation. This
explanation refers to Fig. 10, which schematically shows
an alternate orientation of the invention shown in Fig. 1
in that the crankshaft is horizontally disposed. It will be
appreciated that still further modifications to the lubrica-
tion system can be performed within the scope of the
invention. Lubricant 136 such as oil within external res-
ervoir 135 is drawn through supply conduit 159 by pump
161 and introduced at high pressure into camshaft 40.
Cross bores in camshaft 40 direct the oil to the journal
bearings, such as bearings 32, 33 shown. The high oil
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pressure causes an overflow portion of the oil from both
journal bearings to migrate axially inwardly and thereby
lubricate the camshaft lobes 79, 80. Due to camshaft 40
rotation, the lubricating oil is also slung off camshaft 40
to splash lubricate the remainder of the surfaces and
components within the cavity between cam cover 28
and cylinder head 24, including the portions of the valve
assemblies represented at 67, 68 exposed within cavi-
ties 180, 181.

[0041] The remainder of the oil introduced at the jour-
nal bearings within grooves 172, 173 (See Fig. 8) is
forced under positive pressure axially through conduits
56, 57 toward crankshaft 42. The oil is maintained cool
during this travel time by the transfer of heat to the boss-
es 54, 55 which are exposed to passing cooling air. At
its downstream end, conduit 56 includes an opening
through which the conveyed oil is outlet to pressure lu-
bricate shaft journal 83. Qil from conduit 57 outlets to
lubricate shaft journal 86 as well as to fill annular groove
175 (See Fig. 9), and lubrication bore 177 routes pres-
surized oil from groove 175 to lubricate the connecting
rod bearing surfaces. The overflow oil displaced from
the pressure lubricated bearing surfaces by the arrival
of additional oil is slung off crankshaft 42 to splash lu-
bricate the moving components within crankcase cavity
91, such as piston 46, the piston rings, the wrist pin, the
wrist pin bearings and the cylinder wall.

[0042] The circulation of the oil within engine 20 back
to the external reservoir 135 is effected by positive dis-
plaement and/or pressure fluctuations caused by the re-
ciprocating motion of the valve assemblies and piston.
With additional reference to Figs. 11A and 11B, which
are enlarged, abstract views of the valve assemblies
and the camshaft at sequential stages of engine opera-
tion, the oil which lubricates camshaft 40 and its asso-
ciated valve assemblies 67, 68 accumulates in cavities
180, 181 provided in cylinder head 24. The spring-bi-
ased cam followers 183, 184, which in the shown em-
bodiment are bucket-shaped tappets but could be oth-
erwise configured, as well as the top of their associated
valve stems 186, 187 reside within cavities 180. 181.
Cam followers 183, 184 are tightly toleranced to the di-
mensions of cavities 180, 181 to act as pistons to facil-
itate the following pumping operations. As camshaft 40
rotates, as shown in Fig. 11A, cam lobe 80 drives bucket
tappet 184 downwardly, thereby reducing the effective
volume of cavity 181 and creating a high positive pres-
sure therein. This positive pressure forces the oil accu-
mulated within cavity 181 to pass through slot 189
formed in valve head 24 between cavities 181, 180.
Rather than an openended slot proximate camshaft 40,
abore or aperture could be substituted within the portion
of cylinder head 24 between the cavities. As shown in
Fig. 11B, as camshaft 40 continues to rotate cam follow-
er 184 returns to its unengaged position and cam lobe
79 subsequently drives cam follower 183 downward to
pressurize cavity 180. Outlet bore 145 in cylinder head
24 is provided with a larger cross-sectional area than
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slot 189 such that the path of least resistance for the oil
accumulated within pressurized cavity 180 is through
bore 145. Consequently, the positive pressure created
within valve cavity 180 by the piston-like pumping action
of valve assembly 67 forces the oil toward return conduit
143.

[0043] The oil in return conduit 143 is propelled in a
step-wise fashion therethrough to oil reservoir 135. In
particular, when a quantity of oil and air within valve as-
sembly cavity 180 is forced into supply conduit 143, oil
and air within the segment of conduit tubing adjacent
inlet 147 is displaced and empties in a spurt into oil res-
ervoir 135. The oil pumped into return conduit 143 for a
particular valve assembly pumping stroke empties into
oil reservoir 135 only after multiple additional pumping
strokes have occurred, and the multiple is dependent in
part upon the length of return conduit 143. Breather 150
allows air to be exhausted from within reservoir 135
such that a high pressure does not build up within res-
ervoir 135 which would prevent oil pumping. Oil does
not return into cavity 180 on the upstroke of valve as-
sembly 67 because inlet 147 is above the oil level thus
allowing only air to be drawn back out of reservoir 135.
Thus, step-wise return of the oil to the oil return conduit
and thus to the oil reservoir is effected by the positive
pressure created by the pumping action of the valve as-
semblies.

[0044] OQilis returned from crankcase cavity 91 by ex-
ploiting the pumping action of piston 46. As piston 46 is
driven downwardly within cylinder bore 44, the pressure
in crankcase cavity 91 increases. This positive pressure
forces a quantity of the lubricating oil and entrapped air
within cavity 91 completely through oil return conduit
138 and into oil reservoir 135. Breather 150 achieves
air venting of the volume of air which is blown through
tubing 138 to prevent a pressure build-up. As piston 46
is driven upwardly within bore 44 to create a vacuum
within crankcase cavity 91, air flows through breather
150, through the oil return conduit 138, and into crank-
case cavity 91. Because port 141 is above the fluid level,
the only oil reintroduced through conduit 138 into cavity
91 during the piston upstroke is any small quantity of oil
in conduit 138 which failed to reach reservoir 135 during
the piston downstroke.

[0045] While this invention has been described as
having a preferred design, the present invention may be
further modified within the spirit and scope of this dis-
closure. This application is therefore intended to cover
any variations, uses, or adaptations of the invention us-
ing its general principles. Further, this application is in-
tended to cover such departures from the present dis-
closure as come within known or customary practice in
the art to which this invention pertains.

Claims

1. A single cylinder, four stroke cycle, overhead cam
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internal combustion engine comprising:

an engine block including integrally formed cyl-
inder (22) and cylinder head (24) and having a
camshaft cavity and a crankcase cavity (91);
an interconnected crankshaft (42), connecting
rod (92) and piston (46) assembly disposed in
said crankshaft cavity;

an overhead camshaft (40) and valve assembly
(67, 68) disposed in said camshaft cavity; and
a pair of valve stem bores extending through
said block between said camshaft cavity and
said crankcase cavity, said valve assembly in-
cluding valve stems disposed in said stem
bores;

characterized in that there are no further in-
ternal passages in said block extending between
said camshaft cavity and said crankshaft cavity.

The engine of Claim 1 wherein said camshaft (40)
includes a drive member (72) located externally of
said engine housing, wherein said crankshaft (42)
includes a drive member (90) located externally of
said engine housing, and further including an end-
less loop member (105) interconnecting said drive
members for transmitting rotational motion from
said crankshaft to said camshaft.

The engine of Claim 1 or 2 wherein said crankcase
cavity (91) includes a cylinder bore (44) in which
said piston (46) reciprocates, characterized in that
said cylinder bore is defined by an annular wall (48)
of said block having a substantially uniform thick-
ness around substantially all of the wall circumfer-
ence in the area of said bore (44) where said piston
(46) reciprocates.

The internal combustion engine of any of Claims 1-3
further comprising a dry sump lubrication system,
said lubrication system including a lubricant reser-
voir (135) external of the engine housing, means in-
cluding a pump (161) for supplying lubricant from
said reservoir to said camshaft (40), and charac-
terized by means for returning lubricant used to lu-
bricate said camshaft from within said engine hous-
ing back to said external reservoir (135), wherein
said lubricant returning means comprises a pump-
ing action of said at least one valve assembly (67,
68) within said engine housing to force by positive
pressure said lubricant back to said reservoir.

The internal combustion engine of Claim 4 wherein
said lubrication system further comprises means for
supplying lubricant to said crankshaft (42), and
means for returning lubricant used to lubricate said
crankshaft from within said engine housing back to
said external reservoir (135), characterized in that
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said crankshaft lubricant returning means compris-
es a pumping action of said piston (42) within said
cylinder internal bore to force by positive pressure
said lubricant back to said reservoir (135).

The internal combustion engine of Claim 5 wherein
characterized that said crankshaft lubricant supply-
ing means comprises first and second lubricant
conduits (55, 56) extending through said cylinder
head (24) and cylinder (22), said first conduit includ-
ing an upstream end for inletting lubricant disposed
at a first bearing journal (35) of said camshaft, said
first conduit including a downstream end for outlet-
ting lubricant to a first bearing journal (37, 39) of said
crankshaft (42), said second conduit (56) including
an upstream end for inletting lubricant disposed at
a second bearing journal (34) of said camshaft (40),
said second conduitincluding a downstream end for
outletting lubricant to a second bearing journal (36,
38) of said crankshaft, wherein said first and second
conduits extend through bosses (54, 55) provided
in said cylinder that radially protrude from said ring-
shaped cylinder wall, said bosses being externally
exposed to permit cooling of lubricant passing
therethrough.

The overhead cam internal combustion engine of
any of Claims (1-6) characterized by:

said cylinder having an annular wall along the
area of reciprocation of the piston (46) that wall
(48) along is substantially symmetrical about
said longitudinal axis; and

a plurality of cooling fin (59) radially projecting
from said wall (48) and circumscribing said cyl-
inder along said axial segment.

8. Theinternal combustion engine of Claim 1 compris-

ing:

a lubricant reservoir (135);

at least one supply passage (159) providing lu-
bricant flow communication between said lubri-
cant reservoir (135) and said camshaft bear-
ings (34, 35), wherein lubricant introduced at
said camshaft bearings passes to said valve
assembly cavity during camshaft lubrication;
at least one return passage (145) providing lu-
bricant flow communication between said valve
assembly cavity lubricant outlet and said lubri-
cant reservoir (135); and

a valve assembly (67, 68) in communication
with said cylinder internal bore characterized
by and operable by said camshaft (40), said
valve assembly including a pumping element
(183, 184) movable within said valve assembly
cavity during movement of said at least one
valve assembly, said pumping element (183,
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10.

11.

12.

13.

184) structured and arranged such that move-
ment of said pumping element within said valve
assembly cavity in a first direction reduces a
volume within said valve assembly cavity be-
tween said lubricant outlet and said pumping
element to create a high pressure within said
valve assembly cavity, wherein said high pres-
sure propels lubricant within said valve assem-
bly cavity out of said cavity through said lubri-
cant outlet (145).

The internal combustion engine of Claim 8 wherein
said cam follower comprises a bucket-shaped tap-
pet (183, 184).

The internal combustion engine of Claim 8 further
comprising a pump (161) for pressurizing lubricant
introduced through said supply passage from said
reservoir (135), said pump comprises a gerotor
pump, and wherein said camshaft (40) is integrally
formed with a gerotor inner rotor 74 for said pump.

The internal combustion engine of any of Claims
1-10 characterized by:

at least one flywheel (97, 98) for providing ro-
tational inertia arranged on said crankshaft at
a location within said crankcase cavity; and

a fan (108) connected to said crankshaft (42)
at a location external of said engine housing,
said fan rotatable with said crankshaft to force
a cooling flow of air over said engine housing.

The internal combustion engine of Claim 11 wherein
said fan (108) comprises a central hub (123) com-
prised of a first material and a fan body with air cir-
culating blades (111) comprised of a second mate-
rial, wherein said central hub is mountable to said
crankshaft, and wherein said second material is
lightweight relative to said first material.

The internal combustion engine of any of Claims
1-12 characterized by:

a cast-in valve seat (61) for said at least one
overhead valve formed separately from said
cylinder block casting and captured in said cyl-
inder head (24) during cylinder block casting
formation.
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