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ABSTRACT OF THE DISCLOSURE
A cylinder crankcase for a four-stroke engine is disclosed. The cylinder

crankcase includes a cylinder head, cylinder block, and crankcase which are monolithic.

A half-crank crankshaft bears in a crank arm, which Is included in the crankcase. The
cylinder crankcase includes a belt driven valve train and crank arm that includes a
pocket containing a crank gear attached to the crankshatft for driving the belt.
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MONOLITHIC BLOCK AND VALVE TRAIN FOR
A FOUR-STROKE ENGINE

BACKGROUND

[0001] The present invention relates generally to internal combustion engines, and,
in particular, to cylinder crankcase assemblies for four-stroke engines.

[0002] Previously, small hand-held lawn and garden implements, chainsaws, and
small vehicles were often powered using two-stroke engine technology. However, due
to increasingly stringent environmental emission controls, the use of four-stroke engines
in these appliances and vehicles has become more common. Unlike two-stroke
engines, four-stroke engines do not supply fresh fuel to the combustion chamber while
also scavenging the combustion products from the previous stroke. Therefore, four-
stroke engines have lower hydrocarbon emissions.

[0003] Both two and four-stroke engines typically consist of a crankcase, cylinder
block, and cylinder head. Generally, the crankcase, cylinder block, and cylinder head
need to be joined together using mechanical fasteners, thereby necessitating both
additional fasteners and precisely machined fastener holes. Engines composed of
separate cylinder blocks, cylinder heads, and crankcases also require sealing gaskets.
These additional components add extra weight to the engines and also present greater
potential for gasket failures.

[0004] To improve engine emissions while avoiding the short-comings of engines
made from separate components, it may be desirable to produce a monolithic four-
stroke crankcase, cylinder block, and cylinder head. However, because four-stroke
engines require an additional valve-train and valve mechanism, casting such monolithic
engines is more difficult than the corresponding two-stroke englnes. To overcome
these challenges, monolithic cylinder blocks and crankcases have been designed
having half-crank crankshafts with L-head (flat-head) valve trains, or full crankshafts
with wet-type or dry-type belt driven overhead valves. As is known in the art, L-head
valve arrangements provide poor fuel economy, and full crankshafts increase the weight
of the engine.
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SUMMARY

[0005) A monolithic four-stroke crankcase, cylinder block, and cylinder head
(monolithic four-stroke cylinder crankcase) is provided. The monolithic four-stroke
cylinder crankcase may include the use of a half-crank crankshaft with a dry-type belt
and overhead valves. One advantage is that the half-crank crankshaft reduces both
the weight and size of the cylinder and size of the cylinder crankcase. Additional
details and advantages are described below.

[0006] The invention may include any of the following aspects of various combinations
and may also include any other aspect described below in the written description or
shown in the attached drawings.

[0007] According to one form of the present invention, there is provided a four-stroke
engine having a cylinder crankcase comprising:

a monolithic cylinder head, a cylinder block having a cylinder,

and a crankcase having a crank pocket ;

a piston for reciprocating in the cylinder;

a connecting rod,;

a half-crank crankshaft in the crankcase, wherein the piston is connected to the
crankshaft by the connecting rod;

an intake valve in the cylinder head and configured to open and close a fuel
intake into the cylinder,

an exhaust valve in the cylinder head and configured to open and close an
exhaust outlet from the cylinder,

a camshaft configured to actuate the intake valve and the exhaust valve;

a belt connecting the crankshaft and the camshaft;

an inner bearing in the crank pocket configured to support the crankshaft;

an outer bearing in the crank pocket configured to support the crankshaft;

a pocket between the inner bearing and the outer bearing, wherein the belt
rotates within the pocket and the pocket through which the belt runs is a cast feature
formed simultaneously with the casting of the crankcase; and

wherein a first portion of the belt enters the pocket through a first slot in the
crank pocket to pass around a crank gear mounted on the crankshaft and a second
portion of the belt exits the pocket through a second slot in the crank pocket, the slots
being cast in the crank pocket.

[0008] According to one form of the present invention, there is provided a method of
making a four-stroke engine having a cylinder crankcase comprising:

27/03/13
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constructing a cylinder head, a cylinder, and a crankcase as a single monolithic
piece, wherein the crankcase comprises a crank pocket such that the crank pocket
further comprises an inner bearing and an outer bearing configured to support the
crankshaft; the crank pocket further comprising a pocket between the inner bearing
and the outer bearing, the cylinder crankcase further comprising a piston for
reciprocating in the cylinder; a connecting rod; a half-crank crankshatt in the
crankcase, wherein the piston is connected to the crankshaft by the connecting rod; an
intake valve in the cylinder head and configured to open and close a fuel intake into the
cylinder; an exhaust valve in the cylinder head and configured to open and close an
exhaust outlet from the cylinder; a camshaft configured to actuate the intake valve and
the exhaust valve; and a belt connecting the crankshaft and the camshaft; wherein the
belt rotates within the pocket;

inserting the half-crank crankshaft into the crankcase and the crank pocket; and

passing the belt through a first slot in the crank pocket to enter the pocket and
pass around a crank gear mounted on the crankshaft and through a second slot in the
crank pocket to exit the pocket and around a cam shaft at the cylinder head;

wherein the pocket through which the belt runs is a cast feature formed
simultaneously with the casting of the crankcase and the slots are cast in the crank
pocket.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0009] The invention may be more fully understood by reading the following
description in conjunction with the drawings.

[0010] Figure 1 is a perspective view of the assembled monolithic four-stroke cylinder
crankcase of an off-set overhead cam.

27/03/13
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[0011]  Figure 2 Is a sectional view of the assembled monolithic four-stroke cylinder
crankcase.

[0012) Figure 3 is a sectional view of the valve and camshaft arrangement of one
embodiment of the monolithic four-stroke cylinder crankcase.

[0013] Figure 4A is a top view of the inside of the valve chamber of one embodiment
of the monolithic four-stroke cylinder crankcase. Figure 4B is a bottom view of the
inside of the crank chamber of the same embodiment as Figure 4A.

[0014] Figure 5 is a perspective view of an altemate embodiment of the monolithic
four-stroke cylinder crankcase without any additional assembled parts.

[0015] Figure 6 Is a perspective view of another embodiment of the assembled
monolithic four-stroke cylinder crankcase with a centered overhead camshaft.

[0016] Figure 7 is a perspective view of another embodiment of the monolithic four-
stroke cylinder crankcase with an off-set overhead camshatt.

[0017] Figure 8 is an isolated view of an embodiment having rocker arms and a
single cam arrangement for use in the monolithic four-stroke cylinder crankcase.

DETAILED DESCRIPTION

[0018] Referring now to the drawings, it should be noted that common parts will be
referred to using the same reference number throughout this Detailed Description.
Figure 1 presents a profile view of an embodiment of the engine having a monolithic
cylinder crankcase 10. The monolithic four-stroke cylinder crankcase 10 includes a
crankcase 20, cylinder block 50, and cylinder head 80. As can be seen in Figure 1, the
crankcase 20 includes an integrally cast crank anm 21 configured to support a
crankshaft 22, a plurality of fingers 24 that connect to an outer frame 25, a pocket 26
through which a belt 30 runs, and an outer bearing 28 into which the crankshaft 22
bears. The cylinder block 50 includes a plurality of cooling fins 54 and at least one boss
52 for mounting an ignition module. As seen in Figure 2, the cylinder block 50 also
includes a cylinder 51 that generally defines a cylinder axial direction 53 from the
crankcase 20 to the cylinder head 80. The cylinder head 80 includes a camshaft 82
having a cam gear 84, a valve cover 86, an exhaust passage 88, a fuel passage 90,
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and a spark plug 92. As shown in Figure 1, the valve cover 86, which is mechanically
fastened to the cylinder head 80, is not of uniform helght. Instead, it Is taller in a
cylinder axial direction at one side than the other. This corresponds to the cylinder head
80 which is shorter at one side than the other. Generally, the valve cover 86 will be
taller on the side with the intake and exhaust valves 98 and 100 to allow greater access
to the valves 98 and 100 and valve lashes when the valve cover 86 is removed.

[0019] Figure 2 shows a cross-sectional view of the monolithic four-stroke cylinder
crankcase 10 illustrated Iin Figure 1. The crankshaft 22 Is rotatable within an inner
bearing 40 and an outer bearing 28. Inside the crank chamber 48, a counterweight 32
is attached to the crankshaft 22. A crank pin 36 connects the crankshaft 22 and
counterweight 32 to the connecting rod 34. The other end of the connecting rod 34
connects to the piston 56 via the connecting pin 60. The belt 30 passes into the crank
arm 21 via the pocket 26 formed therein. The belt runs around a crank gear 42
mounted on the crankshaft 22 in the pocket 26 before emerging out of the other side of
the pocket 26. The crankcase 20 is sealed by a crank cover 44 and a sealing gasket
46. The crankcase 20 and crank cover 44 define a crank chamber 48, which doubles
as an cil reservoir. Opposite the connecting rod 34 on the crank pin 36 is an oil slinger
38. The oll slinger 38 distributes lubricating oil from the crank chamber 48 to the
cylinder 51 as the piston 56 reciprocates inside the cylinder 51.

[0020] The cylinder block 50 also includes a passage 58 that connects the valve
chamber 106 in the cylinder head 80 to the crank chamber 48, so that lubricating oil
may be supplied to and return from the valve chamber 106. in some embodiments, a
check valve may be Included in the passage 58 to prevent the valve chamber 106 from
being filled with lubricating oil when the engine is operated in an inverted position. The
cylinder head 80 includes an intake valve seat 94 for an intake valve 98, and an exhaust
valve seat 96 for an exhaust valve 100. The intake valve 98 is attached to an intake
rocker 102, whereas the exhaust valve 100 is attached to an exhaust rocker 104.
Springs 101 bias the intake rocker 102 and the exhaust rocker 104 to a closed position.
Both the Intake rocker 102 and exhaust rocker 104 are located in the valve chamber
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108, which is defined by the void created between the valve cover 86 and the cylinder
head 80.

[0021] Figure 3 illustrates an expanded sectional view of the area surrounding the
camshaft 82 and the intake and exhaust rockers 102 and 104. As can be seen, the belt
30 connects to the cam gear 84, which is placed on the cam shaft 82. The camshaft 82
includes an Intake cam lobe 108 and an exhaust cam lobe 110. Depending upon the
rotational position of the camshaft 82, the intake cam lobe 108 pushes against the
Intake rocker 102 to open the intake valve 98. The exhaust cam lobe 110 pushes
against the exhaust rocker 104 to open the exhaust valve 100 when the camshaft 82
has completed about three-quarters of a rotation since opening the intake valve 98. In
this particular embodiment, the bearing 83 for the camshaft 82 is confined entirely within
the cylinder head 80, however it should be understood that the camshaft bearing 83
may be located so that it is partially contained in the valve cover 86 and partially in the
cylinder head 80. Furthermore, it should be understood that the valve timing may be
changed by adjusting the position of the intake and exhaust cam lobes 108 and 110 on
the camshaft.

[0022] When the embodiment illustrated in Figures 1-3 is in operation, the
reciprocation of the piston 56 in the cylinder 51 drives the half-crank crankshaft 22 by
way of the connecting rod 34. A crank gear 42 is mounted on the crankshaft 22 in the
pocket 26 in the crank arm 21 between the inner bearing 40 and the outer bearing 28.
The crank gear 42 drives the belt 30. In tumn, the belt 30 drives the cam gear 84. The
cam gear 84 and the crank gear 82 have a gearing ratio of 1:2 so that for every rotation
of the crank gear 82 the cam gear 84 makes one-half of a rotation. Thus, when the
piston 56 is in a first down-stroke, the intake valve 98 is opened by the intake cam lobe
108 and intake rocker 102, to allow a fresh charge to enter the cylinder 51. The intake
valve 98 closes and the piston 58 returns on an upstroke, after which the spark plug
initiator and spark plug 92 fire causing combustion and a second down stroke of the
piston 58. The exhaust cam lobe 110 and the exhaust rocker 104 open the exhaust
valve 100 and, during the subsequent up-stroke, the piston 56 drives the exhaust from
the engine.
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[0023] In the embodiment shown in Figures 1-3, the pocket 26 through which the belt
30 runs is a cast feature formed simultaneous with the casting of the monolithic four-
stroke cylinder crankcase 10. In this embodiment, the crank arm 21 includes the inner
bearing 40 and the outer bearing 28. These bearings 40 and 28 may be pressed into
the crank amm 21 and provide support for the crankshaft 22 and the counterweight 32 to
balance the engine. The bearing bores 41 and 29 in which the inner bearing 42 and
outer bearing 28 are placed are preferably cast; however, the borings may also be
machined. The cast pocket 26 allows for the use of a half-crank crankshaft 22 with a
dry-type belt 30. With a dry-type belt, a belt cover may be used but it is not required.
Advantageously, using a dry-type belt with a half-crank crankshaft eliminates the need
to enlarge the cylinder crankcase casting to form a chamber for the belt in the cylinder
block, thereby reducing the weight and cost of the cylinder crankcase.

[0024] In the embodiment of the monolithic four-stroke cylinder crankcase 10 shown
in Figures 1-3, the engine is lubricated by the oil slinger 38. As the piston 56
reciprocates, the slinger 38, located in the crank chamber 48, is rotated so that it dips
into and out of a volume of lubricating oil. As the crank pin 36 rotates about the axis of
the crankshaft 22 the oil slinger 38 throws lubricating oil into the cylinder 51. As a
result, a mist of oil is formed In the engine 10. As shown in Figure 4A, the valve
chamber includes two passages 58 and 59. As shown in Figure 4B, passage 59 is
placed along a central plane 35 defined by the rotation of the connecting rod 34 and
opens adjacent to the connecting rod 34 in the crank chamber 48. The mist of oll
formed by the slinger 38 may pass through the passage 59 into the valve chamber 106.
As this mist condenses or collects In the valve chamber 106, it may flow back to the
crankcase through one or both of passages 58 and 59. It should be understood that
one passage 59 connecting the valve chamber 106 and the crank chamber 48 may be
used, or more than two passages may be used. Furthermore, it should be understood
that the oil mist may pass through either passage 58 or 59, and condensed oil may
return via either passage.

[0025] As shown In Figure 4A, the exhaust passage 88 may be placed at an angle to

the plane 35 defined by the rotation of the connecting rod 34. In this embodiment, the
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exhaust passage 88 allows for the spark plug socket 93 to be placed adjacent to the
exhaust passage. With this arrangement, the spark plug 92 may be more easily
accessed. However, those skilled in the art understand that other arangements of the
spark plug socket 93 and exhaust passage 88 may be used.

[0026] To help cool the monolithic four-stroke cylinder crankcase 10, at least one
opening is provided between two of the plurality of fingers 24. As noted, the plurality of
fingers 24 connect the crank arm 21 to the outer frame 25. A flywhsel 31, shown in
Figure 6, connects to the crankshaft 22 adjacent to the outer frame 25. The flywheel 31
may include fan elements to help pull cooling air from the side opposite the crankshaft
22, through the at least one opening, around the crankcase 20, about the outer frame
25, and to the cylinder block 50 which includes a plurality of cooling fins 54.

[0027] The monolithic four-stroke cylinder crankcase 10 also includes attachments
for various engine components. The cylinder head 80 includes a connection 90 for a
fuel supply system, which may consist of a carburetor. An exhaust outlet 88 that forms
a connection for an exhaust pipe or muffler is also supplied. Additionally, in this
embodiment, on the cylinder block 50 on the side with the crankshaft 22, at least one
boss 52 is provided for connecting a spark plug initiator (not shown) such as an ignition
module. It may be desirable to place the boss 52 as close to the flywheel 31 as
possible to allow for better cooling of the spark plug 82 and spark plug initiator.

[0028] In an altermate embodiment of the present invention, shown in Figure 5, the
pocket 26 in the crank arm 21 may include a palr of slots 27. The slots 27 are cast into
the crank am 21. The slots 27 provide an opening so that the belt 30 may enter
through one slot 27, pass around the crank gear 42, and then exit the pocket 26 through
the other slot 27. Advantageously, the slots 27 may simplify the casting of the
monolithic four-stroke cylinder crankcase 10. Figure § also shows the bearing 81 for
the camshaft 82 in the cylinder head 80. Additionally, the socket 93 for the spark plug is
shown adjacent to the exhaust passage 88.

[0029] As shown in Figure 6, the camshaft 82 may be placed in the cylinder head 80
in a plane defined by the axis 53 of the cylinder 51 and the axis 23 of the crankshaft 22,
as opposed to offset from this plane as in Figures 1-3. Furthermore, as shown, the




21 Apr 2009

2009201571

10

156

20

25

30

camshaft bearings 83 can be located so that they are contained partially in the cylinder
head 83 and patrtially in the valve cover 86. In this embodiment, the intake cam lobe
108 and the exhaust cam lobe 110 are formed monolithically with the camshaft 82.
However, the cam lobes 108 and 110 need not be monolithically formed as part of the
camshaft 82, but could be attached to the camshaft 82. In place of intake rocker 102
and exhaust rocker 104, an intake cam follower 103 and an exhaust cam follower 105
are used. In operation, the camshaft 82 is driven by the belt 30 as described above.
The intake cam lobe 108 depresses the intake cam follower 103, and then after about
three-quarters of a revolution of the camshaft 82 the exhaust cam lobe 110 depresses
the exhaust cam follower 105. [n this manner, the intake valve 98 and exhaust valve
100 are opened and closed at the appropriate times. It should be understood that the
valve timing may be changed by adjusting the positions of the cam lobes 108 and 110.
[0030] An alternate embodiment Is illustrated in Figures 7 and 8. In this
embodiment, the monolithic four-stroke cylinder crankcase 10 has an open pocket 26
through which the belt 30 passes. Additionally, the monolithic four-stroke cylinder
crankcase has an offset camshaft 82 with only one cam lobe 116. The cam lobe 116
activates both the intake rocker arm 112 and the exhaust rocker arm 114. Figure 8
shows an isolated view of the cam lobe 116, the intake rocker arm 112, the exhaust
rocker arm 114, the intake valve 88, and the exhaust valve 100. The intake rocker arm
112 includes an intake contact element 120 near the cam lobe 116, while the exhaust
rocker arm 114 includes an exhaust contact element 122 near the cam lobe 116. The
intake rocker arm 112 and the exhaust rocker arm 114 may be made from a variety of
materials, for example stamped metal. In the embodiment shown in Figures 7 and 8, for
every half revolution of the camshaft 82, the cam lobe 116 drives either the exhaust
rocker arm 114 up, or the intake rocker arm 112 down. When pushed by the cam lobe
116, the intake rocker am 112 rotates about the rocker pivot pin 118. This pivoting
causes the intake rocker arm 112 to push down and open the intake valve 98. Similarly,
when the exhaust rocker arm 116 is contacted by the cam lobe 116, the exhaust rocker
arm 114 pivots about the rocker pivot pin 118 and pushes on and opens the exhaust
valve 100. Advantageously, this rocker arrangement sliminates one of the cam lobes
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from a traditional camshaft. It should be understood that the valve timing can be
changed by adjusting the locations of the intake contact element 120 and exhaust
contact element 122 relative to one another and about the circumference of the cam
lobe 116.

[0031]  The monolithic four-stroke cylinder crankcase described above may be
integrally cast as a single plece. Typically, the monolithic four-stroke cylinder crankcase
is made using a die-cast injection molding process. However, other means of casting
may be used. In one embodiment, the monolithic four-stroke cylinder crankcase is
made of an aluminum alloy, and more particularly from a high silicon aluminum alloy.
However, the monolithic four-stroke cylinder crankcase may be made of any suitable
metal able to withstand the elevated combustion temperatures, such as steel,
aluminum, iron, or magnesium. Depending upon the material used, the cylinder may be
plated using, for example, chromium or nickel silver (nickelsil). Alternatively, the
cylinder may not be plated but instead the piston may be plated.

[0032] While several embodiments of the invention have been described, it should
be understood that the invention is not so limited, and modifications may be made
without departing from the invention. The scope of the invention is defined by the
appended claims, and all devices that come within the meaning of the claims, either
literally or by equivalence, are intended to be embraced therein. Furthermore, the
advantages described above are not necessarily the only advantages of the invention,
and it is not necessarily expected that all of the described advantages will be achieved
with every embodiment of the invention.
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[0033] In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of further features in various
embodiments of the invention.

[0034] It is to be understood that, if any prior art publication is referred to
herein, such reference does not constitute an admission that the publication forms a
part of the common general knowledge in the ar, in Australia or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A four-stroke engine having a cylinder crankcase comprising:

a monolithic cylinder head, a cylinder block having a cylinder,

and a crankcase having a crank pocket ;

a piston for reciprocating in the cylinder,

a connecting rod;

a half-crank crankshaft in the crankcase, wherein the piston is connected to the
crankshaft by the connecting rod;

an intake valve in the cylinder head and configured to open and close a fuel
intake into the cylinder;

an exhaust valve in the cylinder head and configured to open and close an
exhaust outlet from the cylinder,;

a camshaft configured to actuate the intake valve and the exhaust valve;

a belt connecting the crankshaft and the camshaft;

an inner bearing in the crank pocket configured to support the crankshaft,

an outer bearing in the crank pocket configured to support the crankshaft;

a pocket between the inner bearing and the outer bearing, wherein the belt
rotates within the pocket and the pocket through which the belt runs is a cast feature
formed simultaneously with the casting of the crankcase; and

wherein a first portion of the belt enters the pocket through a first slot in the
crank pocket to pass around a crank gear mounted on the crankshaft and a second
portion of the belt exits the pocket through a second slot in the crank pocket, the slots
being cast in the crank pocket.

2. The four stroke engine of claim | further comprising:

an intake cam follower attached to the intake valve;

an exhaust cam follower attached to the exhaust valve,

and an intake cam lobe and an exhaust cam lobe located on the camshaft, and
configured to depress the intake cam follower and exhaust 10 cam follower
respectively;

wherein the intake cam lobe and the exhaust cam lob are formed monolithically
with the camshaft.

3. The four-stroke engine of claim 2 further comprising:
an intake rocker attached to the intake valve and an exhaust rocker attached to
the exhaust valve;

27/03113
4197050_1 (GHMatters) P80818 AU



P80818.AU

27 Mar 2013

2009201571

10

15

20

25

30

35

- 12 -

wherein the intake cam lobe and the exhaust cam lobe are configured to
actuate the intake rocker and the exhaust rocker, respectively.

4. A method of making a four-stroke engine having a cylinder crankcase
comprising:

constructing a cylinder head, a cylinder, and a crankcase as a single monolithic
piece, wherein the crankcase comprises a crank pocket such that the crank pocket
further comprises an inner bearing and an outer bearing configured to support the
crankshaft; the crank pocket further comprising a pocket between the inner bearing
and the outer bearing, the cylinder crankcase further comprising a piston for
reciprocating in the cylinder; a connecting rod; a half-crank crankshaft in the
crankcase, wherein the piston is connected to the crankshaft by the connecting rod; an
intake valve in the cylinder head and configured to open and close a fuel intake into the
cylinder; an exhaust valve in the cylinder head and configured to open and close an
exhaust outlet from the cylinder; a camshaft configured to actuate the intake valve and
the exhaust valve; and a belt connecting the crankshaft and the camshaft, wherein the
belt rotates within the pocket;

inserting the half-crank crankshaft into the crankcase and the crank pocket; and

passing the belt through a first slot in the crank pocket to enter the pocket and
pass around a crank gear mounted on the crankshaft and through a second slot in the
crank pocket to exit the pocket and around a cam shaft at the cylinder head,

wherein the pocket through which the belt runs is a cast feature formed
simultaneously with the casting of the crankcase and the slots are cast in the crank
pocket.

5. The method of claim 4, wherein the cylinder head is constructed to have an
intake cam follower attached to the intake valve; an exhaust cam follower attached to
the exhaust valve; and an intake cam lobe and an exhaust cam lobe located on the
camshaft, configured to depress the intake cam follower and exhaust cam follower
respectively, wherein the intake cam lobe and the exhaust cam lobe are formed
monolithically with the camshaft.

6. A four-stroke engine having a cylinder crankcase substantially as herein
described with reference to the accompanying drawings.

7. A method of making a four-stroke engine having a cylinder crankcase
substantially as herein described with reference to the accompanying drawings.

2710313
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