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(57) Abréegée/Abstract:

A crankshaft (220), and method for distributing lubricant along a crankshaft (220), are disclosed. The crankshaft (220) includes a
crank pin (520), a crank arm (530), a main segment (510), and a flange (550). The crank arm (530) Is coupled between the main
segment (510) and the crank pin (520) and has an outer side (565). A channel (650) extends from within the crank pin (520) to the
outer side (565). The flange (550) has outer (665) and Iinner edges (645), Is positioned on the main segment (510) so that the
outer edge (665) abuts the main segment(510), and Is further positioned so the inner edge abuts the outer side of the crank arm
(530). The flange (550) has first (630) and second grooves (640) along the outer (665) and inner edges (645) of the flange (550),
respectively, and the grooves (630,640) form a passage extending from the channel (650) to an exterior portion of the main
segment (510), so that lubricant can flow between the exterior portion of the main segment (510) and the channel (650) via the
passage.
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(57) Abstract: A crankshaft (220), and
method for distributing lubricant along
a crankshaft (220), are disclosed.  The
crankshaft (220) includes a crank pin (520), a
crank arm (530), a main segment (510), and a
flange (550). The crank arm (530) is coupled
between the main segment (510) and the
crank pin (520) and has an outer side (565).
A channel (650) extends from within the
crank pin (520) to the outer side (565). The
flange (550) has outer (665) and inner edges
(645), i1s positioned on the main segment
(510) so that the outer edge (665) abuts the
main segment(510), and is further positioned
so the inner edge abuts the outer side of the
crank arm (530). The flange (550) has first
(630) and second grooves (640) along the
outer (665) and inner edges (645) of the
flange (550), respectively, and the grooves
(630,640) form a passage extending from the
channel (650) to an exterior portion of the
main segment (510), so that lubricant can
flow between the exterior portion of the main
segment (510) and the channel (650) via the
passage.
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CRANKSHAFT OIL CIRCUIT
FIELD OF THE INVENTION

[0001] The present invention relates to internal
combustion engines. In particular, the present invention
relates to the lubrication of the crankshafts, and

components assoclated with the crankshafts, of such

engines.

BACKGROUND OF THE INVENTION

[0002] Internal combustion engines have numerous
moving parts that require lubrication to make long-term

operation of the engines possible. A variety of
techniques and mechanisms are employed by different

internal combustion engines to assure that the required
lubrication is properly provided to each of these parts.

[0003] One part of an internal combustion engine
that requires lubrication is the crankshaft. 1In
particular, lubrication is required at the interface
between a crank pin of a crankshaft and a corresponding
connecting rod that couples the crank pin to a respective
pistbn. Additionally, lubrication is required along the
main segments of the crankshaft itself, so that the

crankshaft can freely rotate at its bearings with respect

to the crankcase.

[0004] Additionally, often in single-cylinder

internal combustion engines, special counterweights are
coupled to the crankshaft to balance the forces generated
by the reciprocation of the piston, which can otherwise

result in undesirable vibration of the engine. In some
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embodimeénts of these engineé, the cfankshaft includes
flanges that support coupling arms that are coupled to
the counterweights. More specifically, the coupling arms
ﬁave.circular orifices that‘are sqpported upon éccentric
rims of the flanges, such that the center axes of the
circular orifices are displaced by a certain amount from
the actual céntral axis of the crankshaft. As the
crankshaft rotates, the flanges also rotate, while'the
rotational orientation of the coupling arms does noﬁ
significantly change. Consequently, the center axes of
the circular orifices rotate around the central axis of
the crankshaft, énd the coupling arms and counterweights
move toward and away from the crankshaft. To allow the
eccentric rims to rotate relative to the coupling'arms,
lubrication is requlired therebetween.

[0005] In order for lubrication to proceed along the

length of the crankshaft, and particularly for
lubrication to proceed to and past the crank pin, some

conventional crankshafts include an oil circuit that

includes a

“gun-drilled” channel from a main crankshaft bearing to

the crank pin.

[0006] Such conventional embodiments are difficult

to manufacture. In particular, the gun-drilling of the
channel from the main bearing to the crank pin along the
crankshaft is a technically difficult and costly
operation. Moreover, because gun-drilling is employed to
create the channel in the crankshaft, cost-savings
associlated with casting of the crankshaft parts cannot be
fully realized.

[0007] It would therefore be advantageous 1f a new
crankshaft oil circuit could be developed in which one or
more lubrication channels were formed by a simpler, more
standardized and less costly operation than gun-drilling.

It would further be advantageous 1f crankshafts employing

2
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the new crankshaft oil circuit could be more easily

manufactured through the use of standardized, casted

parts.:
SUMMARY OF THE INVENTION

[0008] The present inventors have discovered a new
crankshaft oil circuit by which lubricant can be provided
along a first main segment of the cfankshaft, then to the
crank pin, and further back onto the other main segment
6f the crankshaft. The crank pin of the crankshaft,
which is supported relative to the main segments of the

crankshaft by a pair of crank arms, has an internal

channel or o0il galley that can be siﬁpl? casted as part
of the crank pin. Additionally, two flanges are employed
that, in certain,embodimentsf héve eccentric rims used to
support counterweights with respect to the crankshaft.
The flanges are positioned onto the crankshaft so that
inner edges of the flanges abut outer sides of the
respective crank arms and also so that outer edges of the
flanges abut the respective main segments of the
crankshaft.

[0009] Each of the flanges has first and second

grooves along the respective outer and inner edges of the
- flanges, respectively. The first grooves extend along

the respective main segments of the crankshaft, while the
second grooves extend radially outward from the first
grooves along the respective crank arms. The second
grooves of the respeétive flanges in particular extend to
cover respective ends of the oil galley. Because of the
grooves, passages are formed between the ends of the oil
galley and exterior portions of the main segments of the
crankshaft (beyond the flanges). Lubricant can be
communicated via these passages between the main segments

of the crankshaft and the crank pin. In certain

3
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embodiments, an additional channel exists between the oil
galley and an exterior surface of the crank'pin, such
that lubricant can also be provideq to an interface
between the crank pin and a connecting rod. The use of
thé flanges with grooves and casted crank pin eliminates
the need for gun-drilling of channels, and makes it
possible to use simple, standardized, and less costly
"parts to create the crankshaft oil circuilt.

| [0010] In particular, the present invention relates
to a crankshaft that includes a crank pin, a first crank
arm, a first main segment, and a first flange. The first
crank arm is coupled to the crank pin and has a first
outer side, and a first channel extends from,within the
crank pin to the first outer side. The first main
segment is coupled to the first crank arm. The first
flange has a first outer edge and a first inner edge, and
is positioned on the first main segment so that the first
outer edge abuts the first main segment. The first

flange is further positioned so the first inner edge

abuts the first outer side of the first crank arm. The
first flange has first and second grooves along the first
outer and inner edges of the first flange, respectively,
and‘the first and second grooves form a first passage
extending from the first channel to a first exterior
portion of the first main segment, so that lubricant can
flow between the exterior portion of the first main

segment and the first channel via the first passage.
[0011] The present invention further relates to an

internal combustion engine that includes a crankcase, a

cylinder coupled to the crankcase, a piston within the

cylinder, and a crankshaft supported by a pair of

bearings of the crankcase. The crankshaft includes first

and second main segments, a crank pin to which the piston
is coupled by a connecting rod, first and second crank

arms that respectively couple the crank pin to the first

4
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and second main segments, and means-for conducting

iubricant. The means for conducting channels the
lubricant at least between a first point along one of the
first and second main segments and the crank pin..

[0012]‘The present invention additionally relates to

2 method of distributing lubricant along a crankshaft.
The method includes providing the lubricant at a first
end of the crankshaft, allowing the lubricant to flow
along a first main segment of the crankshaft from.thé
first end of the crankshaft to a first passage, and
guiding the lubricant by way of the first passage to a
first channel, where the first channel extends at least
partly through a crank pin of the crankshaft. .-The first
passage is formed between a first crank arm coupling the

crank pin to the first main segment, and a first flange

abutting the first crank arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 1is a first‘persbective view of a
single cylinder engine, taken from a side of the engine

on which are located a starter and cylinder head;

P

[0014] Fig. 2 is a second perspective view of the

single cylinder engine of Fig. 1, taken from a side of

the engine on which are located an air cleaner and oil

filter;
[0015] Fig. 3 is a third perspective view of the

single cylinder engine of Fig. 1, in which certain parts
of the engine have been removed to reveal additional
internal parts of the engine;
[0016] Fig. 4 is a fourth perspective view of the
- single cylinder engine of Fig. 1, in which certain parts
of the engine have been removed to reveal additional

internal parts of the engine;
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[0017] Fig. 5 is fifth perspective view of portions

of the single cylinder-engine of Fig. 1, in which a top
of the ciankcase has been removed to reveal an interior

of the crankcase;

[0018] Fig. 6 is a sixth perspective view of

portions of the single cylinder engine of Fig. 1, 1n

which the top of the crankcase 1s shown exploded from the
bottom - of the crankcase;
| [0019] Fig. 7 is a top view of the single cylinder
engine of Fig. 1, showilng internal components of the
engine in grayscale;
[0020] Fig. 8 is a perspective view of components of -

3. valve train of the single cylinder  engine of Fig. 1;
[0021] Fig. 9 is an exploded, perspective view of
components associated with the crankshaft of the single

cylinder engine of Fig. 1;

[0022] Fig. 10 is a cross-sectional view of
components of the crankshaft taken along a central axis

of the crankshaft and

[0023] Fig. 11 is an elevation view of one of a pair

of flanges that are part of the crankshaft.

ODETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024] Referring to Figs. 1 and 2, a new single

cylinder, 4-stroke, internal combustion engine 100

a

crankcase 110 and a blower housing 120, inside of which

ssigned by Kohler Co. of Kohler, Wisconsin includes a

.

are a fan 130 and a flywheel 140. The engine 100 further
includes a starter 150, a cylinder 160, a cylinder head
"170, and a rocker arm cover 180. Attached to the
cylinder head 170 are an air exhaust port 130 shown 1in
Fig. 1 and an air intake port 200 shown in Fig. 2. As 1is

well known in the art, during operation of the engine
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100, a piston 210 (see Fig. 7) moves back and forth

within the cylinder 160 towards and away.fromthe
cylinder head 170. The movement of the piston 210 in
turn causes rotation of a crankshaft 220 (see Fig. 7), as
well as rotation of the fan 130 and the flywheel 140,
which are coupled to the crankshaft. The rotation of the
fan 130 .cools the engine, and the rotation of the
flywheel 140, causes a relatively constant rotational

- momentum to be maintained.

[0025] Referring specifically'to Fig. 2, the engine

100 further includes an air filter 230 coupled to the air
intake port 200, which filters the air required by the
engine prior to the providing of the air to the cylinder
head 170. The air provided to the air intake port 200 1is
communicated into the cylinder 160 by way of the cylinder

head 170, and exits the engine by flowing from the

cylinder through the cylinder head and then out of the
air exhaust port 190. The inflow and outflow of air into
and out of the cylinder 160 by way of the cylinder head
170 is governed by an input valve 240 and an output valve
250, respectively (see fig. 8). Also as shown in Fig. 2,
the engine 100 includes an oil filter 260 through which
the o0il of the engine 100 is passed and filtered.
Specifically, the oil filter 260 is coupled to the
crankcase 110 by way of incoming and outgoing lines 270,
280, respectively, whereby pressurized oil is provided
into the oil filter and then is returned from the o1l
filter to the crankcase.

[0026] Referring to Figs. 3 and 4, the engine 100 1s

shown with the blower housing 120 removed to expose a top
290 of the crankcase 110. With respect to Fig. 3, in
which both the fan 130 and the flywheel 140 are also

removed, a coil 300 is shown that generates an electric

e

current based upon rotation of the fan 130 and/or the

flywheel 140, which together operate as a magneto.

7
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Additionally, the top 290 of the crankcase 110 is shown
to have a pair of lobes 310 that cover a palr of gears
320 (see Figs. 5 and 7-8). With respect to Fig. 4, the
fan 130 and the flywheel 140 are shown above the top 290
of the crankcase 110. Additionally, Fig. 4 shows the
engine 100 without the cylinder head 170 and without the
rocker arm cover 180, to more clearly reveal a pair of
tubes 330 through which extend a pair of respective push

rods 340. The push rods 340 extend between a pair of

respective rocker arms 350 and a pair of cams 360 (see

Fig. 8) within the crankcase 110, as discussed further

below.

[0027] Turning to Figs. 5 and 6, the engine 100 is
shown with the top 290 .of the crankcase 110 removed from
a bottom 370 of the crankcase 110 to reveal an interior
380 of the crankcase. Additionally in Figs. 5 and 6, the
engine 100 is shown in cut-away to exclude portions of
the engine that extend beyond the cylinder 160 such as
the cylinder head 170. With respect to Fig. 6, the top
290 of the crankcase 110 is shown above the bottom 370 of
the crankcase in an exploded view. In this embodiment,
the bottom 370 includes not only a floor 390 of the -
crankcase, but also all six side walls 400 of the
crankcase, while the top 290 only acts as the roof of the
crankcase. The top 290 and bottom 370 are manufactured
as two separate pieces such that, in order to open the
crankcase 110, one physically removes the top from the
bottom. Also, as shown in Fig. 5, the pair of gears 320
within the crankcase 110 are supported by and rotate upon
respective shafts 410, which in turn are supported by the
bottom 370 of the crankcase 110.

[0028];Referring to Fig. 7, a top view of the engine
100 is provided in which additional internal components
of the engine are shown in grayscale. In particular,

Fig. 7 shows the piston 210 within the cylinder 160 to be

8
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coupled to the crankshaft 220 by a cdnnecting rod 420.
The crankshaft 220'is in turn coupied to a rotating
counterweight 430 and to a pair of reciprocal weights
440, wﬁich balance the forces exerted upon the crankshaft
220 by the piston 210. -The crankshaft 220 further is in
contact with each of the gears 320, and thus communicates
rotational motion to the gears. In the present
embodiment, the shafts 410 upon which the gears 320 are
supported are capable of communicating oil from the floor
390 of the crankcase 110 (see Fig. 5) upward to the gears
320. The incoming line 270 to the oil filter 260 1is
coupled to one of the shafts 410 to receive o0il, while
the outgoing line 280 from fhe oll filter 1is coupled to
the crankshaft 220 to provide lubrication thereto. Fig.
7 further shows a spark plug 450 located on the cylinder
head 170, which prpvides sparks during power strokes of

the engine to cause combustion to occur within the

cylinder 160. The electrical energy for the spark plug
450 is provided by the coil 300 (see Fig. 3).

[0029] Further referring to Fig. 7, and additionally
to Fig. 8, elements of a valve train 460 of the engine

100 are shown. The valve train 460 includes the gears

320 resting upon the shafts 410 and also includes the

cams 360 underneath the gears, respectilively.

Additionally, respective cam follower arms 4/0 that are

rotatably mounted to the crankcase 110 extend to rest

upon the respective cams 360. The respective push rods

340 in turn rest upon the respective cam follower arms
470. As the cams 360 rotate, the push rods 340 are
temporarily forced outward away from the crankcase 110 by

the cam follower arms 470. This causes the rocker arms

350 to rock or rotate, and consequently causes the
respective valves 240 and 250 to open toward the
crankcase 110. As the cams 360 continue to rotate,

however, the push rods 340 are allowed by the cam

9
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follower arms 470 to return inward to their original

positions. A pair of springs 480,490 positioned between
.the cylinder head 170 and the rocker arms 3350 provide
 force tending to rock the rocker arms 1in directions
tending to close the valves 240,250, respectively.
rurther as a result of this forcing action of the spfiﬁgs

480,490 upon the rocker arms 350, the push rods 340 are

forced back to their original positions.

[0030] In the present embodiment, the engine 100 is
a vertical shaft engine capable of outputting 15-20

horsepower for implementation in a variety of consumer
lawn and garden méchinery such as. lawn mowers. 1In
qlternate embodiments, the engine 100 can also be .
implemented as a horizontal shaft engine, be designed to
output greater or lesser amounts of power, and/or be

implemented in a variety of other types of machines,

e.g., snow-blowers. Further, in alternate embodiments,

the particular arrangement of parts within the engine 100

can vary from those shown and discussed above. For

eiample, in one alternate embodiment, the cams 360 could

be located above the gears 320 rather than underneath the

gears.

f0031] Turning to Figs. 9 and 10, éomponents of the

crankshaft 220 and the reciprocal weights 440 are shown

in greater detail. Fig. 9 in particular provides an
exploded, perspective view of the components of the
crankshaft 220 and the reciprocal weights 440, while Fig.
10 provides a cross-sectional view of these components
when fully assembled. As shown, the crankshaft 220
includes a pair of main segments 510, a crank pin 520,
and a pair of crank arms 530 that respectively couple the
crank pin to the respective main segments. When 0
assembled within the engine 100, the connecting rod 420
connects the crank pin 520 to the piston 210 (see Fig.

7). The rotating. counterweight 430 is formed by a palir

10
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of weights that are respective extensions of the
respective crank arms 530, diametrically opposite from
the crank pin 520 across a central axis 540 of the
crankshaft 220. In alternate embodiments, the rotating
counterweigﬁt 430 need not include two separate weights,

and need not be integrally formed as part of the crank

arms 530.

[0032] Further as shown in Figs. 9 and 10, flanges
550 having eccentric rims 560 are respectively pqsitibned
onto the respective main segments 510. When fully
assembled onto the crankshaft 220, the flanges 550 are :
respectively positioned so that respective inner edges
645 of the flanges abut respective outer sides - 565 of the
crank arms 530. aIn the present embodiment, the flanges
550 each include a respective protrusion 555 that extends
radially outward away from the central axis 540.

Specifically, the respective protrusions 555 extend

alongside the respective outer sides 565 of the crank
arms 530. Further, respective outer edges 665 (see Fig.
11) of the flanges 550 surround, and are supported by and
in contact with (e.g., abut), the respective mailn
segments 510. The pair of reciprocal weights 440, each
of which has a flying brick portion 570 and a coupling
arm 580 with a circular cavity 590, are also fit onto the
crankshaft 220, such that the circular cavities 590
respectively fit around.the eccentric riﬁs 560. Due to

the eccentric rims 560, the center axes of the circular

cavities 590 (not shown) are displaced from the central
axis 540. Consequently, when the crankshaft 220 rotates,

‘the reciprocal weights 440 move toward and away from the

crankshaft, and act as a balance of some of the forces of
the reciprocating piston 210. The two reciprocal weights

440 are held together by a pin 600. Also, the flanges

550 are held against the crank arms 530 by way of an
additional pin 610.

11
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r0033] Further as shown, a crankshaft oil circuit is
provided with respect to the crankshaft 220 to allow
lubricant to flow along the entire length of the
”crankshaft unimpeded by the existence of the crank arms
.530 and the crank pin 520, and also to provide:
lubrication of the interface between the crank pin 520
‘and the connecting rod 420. . Figs. 9 and 10 show that the
crank pin 520 includes a channel or oil galley 620
through which lubricant is able to flow. The oil galley
620 can be simply formed within the crank pin 520 during
casting of the crank pin. When suppdrted by the crank
arms 530, the crank pin 520 and its oil galley 620 extend
the entire distance between the outer sides 565 of the
~ crank arms. In alternate embodiments, the crank pin only
extends up to the crank érms or partly through the crank
arms rather than the entire distance between the outer
sides 565. In such embodiments, the crank arms 530
additionallyaare formed with holes that extend the oil
galley 620 to the outer sides 565 of the crank arms.
Also, while the crank pin 520 is typically a part that 1is
distinct from the respective crank arm30530, in certailn

embodiments the crank pin and one or both of the crank

arms are integrally formed as a single part.
[0034] Referring additionally to Fig. 11, which

 provides an elevation view of one of the flanges 550,

each of the flanges includes a first groove 630 along the -

respective outer edge 665 of the flange, and also
includes a second groove 640 aldng the respective inner
edge 645 and the respective protrusion 5355 of the flange.

When the flanges 550 are positioned on the main segments

510 of the crankshaft 220 to abut the respective crank
arms 530, the first grooves 630 extend 1n directions
parallel to the central axis 540 from the respective
inner edges 645 of the flanges to the ends of the

flanges, e.g., to respective exterior portions 515 of the

12
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main segments 510. The second. grooves 640 respectively
extend radially outward from the respective outer edges
665 of theuflanges 550, sufficiently far that the second

grooves reach the correspoﬁding open ends of the oil

galley 620. |

[0035] The first and second grooves 630,640 of each
flange 550 aﬁe coupled to one another at the location
whére the inner and outer edges 645,665 of the flange
meet . Consequently, when the respective flanges 550 are
positioned onto the respective main segments 510, such
that the outer edges 665 abut the main segments 510 and
the inner edges 645 abut the oute£ sides 565 of the
respective crank arms 530, respective passages 635 are
formed by the respective sets of grooves 630,640 (as
shown best in Fig. 10). Lubricant such as oil 670 1is
therefore able to flow through the passages 635 betﬁeen
the exterior portions 515 of the main segments 510 and
the oil galley 620. As shown in Fig. 10, i1n the present
embodiment, an additional channel 650 connecting the oil
galley 620 to the exterior of the crank pin 520 1s also
provided. The additional channel 650 allows oil to flow

also between the oil galley 620 and an outer surface 625
of the crank pin 520, thereby allowing for lubrication of
the interface between the crank pin and the connecting
rod 420. |

[0036] Although the engine 100 shown in Figs. 1-8 is
a vertical crankshaft engine, the crankshaft oil circuit

described with respect to Figs. 9-11 can be employed 1n

its present or modified forms in a variety of engines
having either vertical or horizontal crankshafts. With
respect to.horizontél crankshaft engines, the oil can
flow through the crankshaft oil circuit because it 1is
pumped, because of a slightly tipped orientation of the
engine, or by way of other methods known in the art.

Although pumping of the oil can also be employed with
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respect to vertical crankshaft engines, dgravity alone 1is
often sufficient to cause oil to flow downward along the

upper one of the main segments 510 of the crankshaft 220,

through the passage 635 formed by the first and second
grooves 630,640 of the higher of the two flanges 550, and
into the oil galley 620. The pressure due to gravity
further can be sufficient to cause the oil to then flow
out of the o0il galley 620 either through the additional
channel 650 or out along the other of the main portions
510 of the crankshaft 220, by way of the passage 635
formed by the first and second grooves 630,640 of the
lower of the two flanges 550.

[0037] In alternate embodiments, the exact shapes of

the flanges 550, the protrusions 555, and the first and
second grooves 630,640 can be modified from those shown
in Figs. 9-11. For example, the flanges 550 could have,
in one alternate embodiment, a cross-sectional shape
(viewed perpendicular to the central axis 540)that is
identical to the outer sides 565 of the crank arms 530 to
which the flanges are attached. Additionally,
complementary grooves can be.provided in the main
segments 510 and/or the crank arms 530 to interface the
first and second grooves 630,640 or, in further

embodiments, the grooves are entirely provided as

indentations in the exterior surfaces of the main

segments and the crank arms 530, while the inner and
outer edges 645,665 of the flanges 550 remain flat. 1In
further alternate embodiments, the first and second
grooves 630,640 can be replaced with first and second
channels that are fully enclosed within the flanges 550
or other components.

[0038] Also in certaln alternate embodiments,
lubrication is provided to the outer surface 625 forming
the interface between the coﬂnecting rod 420 and the

crank pin 520 in another manner, such that the additional
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channel 650 is not required. In further alternate
embodiments, the oil galley 620 neéd not have a strictly
cylindrical shape, nor need the oil galley extend fully
between the two outer sides 565. For example, 1n certain
embodiments, the purpose of the crankshaft oil circuit
will be simply to allow lubricant to flow between the o1l
galley and one of the main segments 510, rather than to
allow lubricant to flow from one main segment, past the
crank pin and crank arms, to the other main segment.

[0039] Additionally, while 1n the preseht
embodiment, the flanges 550 serve both the purpose of

creating a crankshaft oil circuit and the purpose of
supporting the reciprocal weights 440, 1n alternate
embodiments, two distinct parté can be employed for these
separate purposes. Further, crankshaft oil circuits such
as the present embodiment can be employed in engines that
are not single-cyliﬁder engines, that is; engines that do

not require reciprocal weights 440 and consequently do
not require the flanges 550 to support the reciprocal
weights. For example, in one alternate embodiment, the .
0il galley 620 would be coupled to the malin segments 510
by passages 635 formed by flanges or other components
positioned next to the crank arms 530, where these
components did not have the eccentric rims 560. Also,
such multi-cylinder engines could employ one or more
crankshafts having one or more crank pins and sets of
crank arms, all or any subset of which could employ

- passages/channels/oil galleys as described above to form
one or more oil circuits.

[0040] While the foregoing specification illustrates

and describes the preferred embodiments of this

invention, it is to be understood that the invention 1is

not limited to the precise construction herein disclosed.
The invention can be embodied in other specific forms

without departing from the spirit or essential attributes
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of the invention. Accordingly, reference should be made
to the following claims, rather than to the foregoing

specification, as indicating the scope of the invention.
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WHAT IS CLAIMED IS:

1. A crankshaft comprising:

a crank pin;

a firét crank arm coupled to the crank pin and
having a first outer side, wherein a first channel
extends from within the crank pin to the first outer
side;

a first main segment coupled to the first crank'arm;
and

a first flange having a first outer edge and a first
inner edge, wherein the first flange is positioned on the
first maln segment so that the first outer edge abuts the
first main segment, and wherein the first flange 1s
further positioned so the first inner edge abuts the
first outer side of the first crank arm,

wherein the first flange has first and second
grooves along the first outer and inner edges of the
first flange, respectively, and wherein the first and

second grooves form a first passage extending from the

first channel to a first exterior portion of the first
main segment, so that lubricant can flow between the
exterior portion of the first main segment and the first

channel via the first passage.

2. The crankshaft of claim 1, wherein the crank pin
further includes a second channel coupling the first
channel with an outer surface of the crank pin configured

to support a connecting rod, so that the lubricant can

flow between the first channel and the outer surface.

3. The crankshaft of claim 1, wherein the crank pin
extends through the first crank arm to the first outer

side of the first crank arm, and the first channel is

formed entirely within the crank pin.
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4. The crankshaft of claim 1, wherein the .crank pin

’ddes not extend fully through the first crank arm to the

first outer side of the first crank arm, wherein the
first crank arm includes a hole that is aligned with and
interfaces a second channel within the crank pin, wherein
the hole begins at the first outer side of the first

crank arm, and wherein the hole and the second channel

form the first channel.

5. The crankshaft of claim 1, wherein the first flange

is coupled to the first crank arm by a first pin.

6. The crankshaft of claim 1, wherein the second groove
is- formed within a first protrusion of the flange that
extends radially alongside the first crank arm and cbvers
an opening of the first channel, so that the second

groove that forms part of the first passage is coupled to

the first channel.

7. The crankshaft of claim 1, wherein the first flange

has an.eccentric rim configured to support a reciprocal

welight having a coupling arm and a flying brick portion.

8. The crankshaft of claim 1, wherein the first crank
arm includes a rotating counterweight portion that is
diametrically opposed to a crank pin portion that

supports the crank pin.

9. The crankshaft of claim 1, further comprising:

a second crank arm coupled to the crank pin and

having a. second outer side, wherein the first channel

'exxends from the first outer side to the second outer

side;

a second main segment coupled to the second crank

arm; and
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a second flange having a second outer edge and a
second. inner edge, wherein the second flange is
positioned on the second main segment so that the second
outer edge abuts the secondmain portion, and wherein the
second flange is further positioned so the-second inner
edge abuts the second outer side of the second crank arm,

whereln the .second flange has third and fourth
gfooves along the second outer and inner edges of the
second flange, respectively, and wherein the third and
fourth grooves form a second passage extending from the

first channel to a second exterior portion of the second

main segment.

10. The crankshaft of claim 9, wherein the lubricant is

capable of flowing between the first and second exterior

portions of the first and second main segments,

respectively, by way of the first and second passages and

the first channel.

11. The crankshaft of claim 10, wherein the crankshaft
is vertically oriented and receives the lubricant at a
top of the crankshaft, wherein the lubricant flows

downward along the first main segment, enters the first

passage from the first exterior portion of the first main

segment, flows through the first passage to the first

channel, flows through the first channel to the second

passage, flows through the second passage to the second
exterior portion of the second main segment, and flows

downward aloﬁg the second main segment.

12. The crankshaft of claim 11, wherein the lubricant is
oil, wherein the lubricant flows along the crankshaft and
through the first and second passages ‘and the first
channel due to a force of gravity, and whereiln the

lubricant additionally flows outward out of the crank pin:
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by way of a second channel so that the oil is provided to

an. outer surface of the crank pin.

13. . A crankshaft of claim 9, wherein the crankshaft is

at least one of horizontally oriented, configured for

operation in a single-cylinder engine, and configured for

use in a multi-cylinder engine.

14. An internal combustion engine comprising:
a crankcase;
a cylinder coupled to the crankcase;
a piston within the cylinder; and
a crankshaft supported by a pair of bearings of the
crankcase, wherein the crankshaft includes
first and second main segments,
a crank pin to which the piston 1s coupled
by a connecting rod,
first and second crank arms that
respectively couple the crank pin to thé first
and second main segments, and

means for conducting lubricant,

wherein the means for conducting channels

the lubricant at least between a first point

along one of the first and second main segments

and the crank pin.

15. The internal combustion engine of claim 14, wherein
the means for conducting channels the lubricant
additionally between a second point along the other of

the first and second main segments and the crank pin.

16. The internal combustion engilne of claim 14, wherein
the means for conducting channels the lubricant
additionally through the crank pin and to an outer

surface of the crank pin.
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17. A method of distributing lubricant along a
crankshaft, the mefhod.comprising:.

providing the lubricant at a first end of the
crankshaft;

allowing the lubricant to flow aléhg a first main
segment of the crankshaft from the first end of the
crankshaft to a first passage;

guiding the lubricant by way of the first passage to
a first channel, wherein the first channel extends: at
least partly through a crank pin of the crankshaft;

wherein the first passage is formed between a first
crank arm coupling the crank pin to the first main

segment, and a first flange abutting the first crank.arm.

18. The method of claim 17, wherein the first passage is
formed by first and second grooves along first outer and

inner edges of the first flange, respectively, and

wherein the first flange is positioned so the first inner
edge abuts a first outer side of the first crank arm, and
wherein the first flange is further positioned on the

first main segment so that the first outer edge abuts the

first main segment.

19. The method of claim 18, wherein the first flange has
an eccentric rim that is configured to support a
reciprocal weight having a coupling arm and a flying

brick portion.

20. The method of claim 17, further comprising:
| guiding a first amount of the lubricant from the
first channel to a second passage;

guiding a second amount of the lubricant from the

first channel through a second channel that conducts the
second amount of the lubricant to an outer surface of the

crarnk pin;
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guiding the fifst amount of the lubricant through
the second passage to a second main segment'ofothe
'crankshaft;

allowing the first amount of the lubricant té flow
aloﬁg the second main segment of the crankshaft from the

second passage to a second end of the crankshaft.
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