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forth within a cylinder of an engine, an upper rod coupled to the piston head at one
longitudinal end of the upper rod and fixed relative to the piston head, and a lower
rod rotatably coupled to an opposite longitudinal end of the upper rod, the lower rod
configured to pivot about the opposite longitudinal end of the upper rod. The lower
rod is configured to couple to a crankshaft at a longitudinal end of the lower rod
opposite the upper rod. Methods of forming a piston assembly and engines incorpo-
rating such piston assemblies are also disclosed.
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RECIPROCATING-PISTON ASSEMBLY,
INTERNAL COMBUSTION ENGINE, AND RELATED METHODS

PRICRITY CLAIM
This application claims the benefit of the filing date of U.S. Provisional Patent
Application Sertal No. 62/699,113, filed July 17, 2018, and U.S. Provisional Patent
Application Serial No. 62/858,744, filed June 7, 2019, the disclosure of each of which is

hereby incorporated herein in 1ts entirety by this reference

TECHNICAL FIELD
The present invention relates to an internal combustion engine and, more specifically,
to a piston assembly for use in an engine and for connecting a piston head to a crankshaft of the

engine.

BACKGROUND

A conventional internal combustion engine of the type found in most vehicles today
includes a plurality of pistons that are respectively movably mounted in a plurality of
cylinders formed in an engine block. Each of the pistons is connected to a piston rod at a first
end of the piston rod, and the piston rod 1s coupled fo a crankshaft at a second end of the
piston rod. Furthermore, when spark plugs within the engine block fire to ignite a fuel
mixture, the pistons are driven downward to turn the crankshaft, which ultimately drives the
entire vehicle In a typical engine, a single connecting rod 1s used and connecled with a
respective first end to the corresponding piston and a respective second end to a
corresponding portion of the crankshaft The connecting points between the two ends of each
connecting rod and the corresponding piston and corresponding crankshafl are disposed at

the ends of the longitudinal center axis of the respective connecting rod.

SUMMARY
Some embodiments of the present disclosure may include a piston assembly. The
piston asserably may include a piston head for reciprocating within a cylinder of an engine;
an upper rod coupled to the piston head at one longitudinal end of the upper rod and fixed
relative to the piston head; and a lower rod rotatably coupled {0 an opposite longitudinal end

of the upper rod. The lower rod may be configured to pivot about the opposite longitudinal
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end of the upper rod. The lower rod may also be configured to couple to a crankshaft at a
fongitudinal end of the lower rod opposite the upper rod.

Other embodiments of the present disclosure may include an engine, including one
or more cyhinders, a crankshaft, and one or more piston assemblies. Fach piston assembly
may be disposad within a respective cylinder. Each piston assembly may include a piston
head sized and shaped to reciprocate within the cylinder of the engine; an upper rod coupled
to the piston head at one longitudinal end of the upper rod and fixed relative to the piston
head; and a lower rod rotatably coupled to an opposite longitudinal end of the upper rod, the
tower rod configured to pivot about the opposite longitudinal end of the upper rod. The lower
rod may be rotatably coupled to the crankshaft at a longitudinal end of the lower rod opposite
the upper rod.

Further embodiments of the present disclosure may include a method of forming a
piston assembly. The method may include coupling an upper rod to a piston head at a first
longitudinal end of the upper rod. The method may further include fixing a position the upper
rod relative to the piston head. The method may also include rotatably coupling a lower rod
to a second longitudinal end of the upper rod. The method may further include rotatably

coupling the lower to a crankshaft of an engine.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed understanding of the present disclosure, reference should be made 1o the
following detailed description, taken in conjunction with the accompanying drawings, in which
like elements have generally been designated with like numerals, and wherein:

FIG. 1 is a schematic depiction of a piston assembly within an engine according to one
or more embodiments of the present disclosure;

FIGS. 2A and 2B show various views of the piston assembly of FIG. 1;

FIG. 3 is another side view of the piston assembly within an engine according o one or
more ermnbodiments of the present disclosure;

FIG. 4 15 a perspective view of an upper rod of a piston assembly according to one or
more embodiments of the present disclosure;

FIG. 515 a side view of the upper rod of FIG. 4;

FIG. 615 a side view of a gudgeon pin of the piston assembly according to one or moore

embodiments of the present disclosure;
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FIG. 7 1s a side and front view of a connector pin according to one or more embodiments
of the present disclosure;

FIG. 8 1s a perspective view of an upper rod. gudgeon pin assembly, and lower rod of
the piston assembly according to one or more embodiments of the present disclosure;

FIG. 9 1s a side view of a lower rod of the pision assembly according to one or more
embodiments of the present disclosure;

FIG. 10A is a perspective view of a piston head and upper rod of the piston assembly
according to one or more embodiments of the present disclosure;

FIG. 10B 15 a bottom view of the piston head of FIG. 104

FIGS. 11-13 include various views of the piston assembly and crankshaft according to
one or more embodiments of the present disclosure; and

FIGS. 14-16 in various additional drawings of the upper rod, lower rod, and piston head
of the piston assembly according to one or more embodiments of the present disclosure;

FIGS 17A-17D show varous views of a piston head of a piston assembly according to
one or more embodiments of the present disclosure;

FIGS. 18A and 18B show various views of a lower rod of a piston assembly in an
exploded configuration according to one or more embodiments of the present disclosure;

FIGS. 19A and 19B show vartous views of an upper portion of the lower rod of FIGS.
18A and 18B according to one or more embodiments of the present disclosure;

FIGS. 20A-20D show vanous additional views of the upper portion of the lower rod of
FIGS. 18A and 18B according to one or more embodiments of the present disclosure;

FIGS. 21 A-21F show various views of a lower portion of the lower rod of FIGS. 18A
and 18B according to one or more embodiments of the present disclosure;

FIGS. 22A-22F show various views of an upper rod of a piston assernbly according to
one or more embodiments of the present disclosure;

FIGS. 23A and 23B show various views of alignments sleeves of a lower rod according
to one or more emboduments of the present disclosure; and

FIG. 24 shows a view of a piston assembly according to one or more embodiments of

the present disclosure.
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MODE(S) FOR CARRYING OUT THE INVENTION

The iilustrations presented herein are not actual views of any internal combustion engine
system, piston asserobly, or any component thereof, but are merely idealized representations,
which are emploved to describe embodiments of the present invention,

As used herern, the singular forms following “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates otherwise.

As used herein, the term “may” with respect to a matenial, structure, feature, or method
act indicates that such is contemplated for use in implementation of an embodiment of the
disclosure, and such term s used in preference 1o the more restrictive term “is” 50 as to avoid
any implication that other compatible matenials, structures, features, and methods usable in
combination therewtith should or must be excluded.

99 iy EERS

As used herein, anv relational term, such as “first,” “second,” “top,” “bottom,

RN

upper,”
“fower,” etc, 1s used for clarity and convenience m understanding the disclosure and
accompanying drawings, and does not connote or depend on any specific preference or order,
except where the context clearly indicates otherwise. For example, these terms may refer {o
orientations of elements of a piston assembly or an engine in conveniional orentations.
Furthermore, these terms may refer to orientations of elements of a piston assembly or an
engine as iHlustrated in the drawings.

As used herein, the term “substantially” in reference to a given parameier, property, or
condition means and includes to a degree that one skilled in the art would understand that the
given parameter, property, or condition i1s met with a small degree of vanance, such as within
acceptable manufactring tolerances. By way of example, depending on the particular
parameter, property, or condition that 1s substantially met, the parameter, property, or condition
may be at least 90.0% met, at least 95.0% met, at least 99.0% met, or even at least 99.9% met.

As used herein, the term “about” used in reference 1o a given parameter 1s inclusive of
the stated value and has the meaning dictaied by the context (e.g., it includes the degree of error
associated with measurernent of the given parameter, as well as vanations resulting from
manufacturing tolerances, etc ).

FIG. 1 shows a schematic representation of a pision assembly 100 disposed within
an engine 102, FIGS. 2A and 2B include a schematic perspective view and a schematic side
view of the piston assembly 100 of FIG. 1. Referring to FIGS. 1-2B together, the piston
assembly 100 may include a piston head 104, an upper rod 106, a gudgeon pin assembly 107

{e.g.. two or more pin locks, a needie sleeve bearing, and gudgeon pin {e.g., wrist pin)), a
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fower rod 108, and a connector pin assembly 109. The engine 102 may include a cylinder
112, one or more valves 114 and ports 116 (e.g., an intake valve and port and exhaust valve
and port), and a fuel injecior 118, The one or more valves 114 and ports 116 of the engine
102 may be oriented in conventional manners.

The piston head 104 of the piston assembly 100 may be disposed within the cvlinder
112 of the engine 102 and may be configured o reciprocate back and forth (e.g., up and
down as depicted in FIG. 1) during use. The upper rod 106 may be coupled to the piston
head 104 via the gudgeon pin assembly 107 at a first longitudinal end of the upper rod 106
and may be coupled o the lower rod 108 at a second oppostie longitudinal end of the upper
rod 106. In some embodiments, the upper rod 106 may be coupled to the piston head 104
proximate or at a centroid of the piston head 104, In one or more embodiments, the upper
rod 106 may be coupled to the piston head 104 at a point that is centered between an upper
surface and lower surface of the piston head 104 and intersecting a center longitudinal axis
122 of the piston head 104, In one or more erobodiments, a longitudinal axis 120 of the
gudgeon pin assembly 107 may extend in a direction perpendicular to the longitudinal axis
122 of the piston head 104 and mway mtersect the longitudinal axis 122 of the piston head
104. The upper rod 106 may be fixed relative to the piston head 104. For instance, the upper
rod 106 may not rotate and/or translate relative to the piston head 104 during use. The upper
rod 106 s described in greater detail below n regard to FIGS. 10A and 10B.

The upper rod 106 may extend in an axial direction (e.g., in a direction parallel to the
fongitudimal axis 122 of the piston head 104) from the piston head 104 to a region below the
piston head 104 (e.g., below the piston head 104 as depicted in FIGS. 1-2B). For instance, a
tongitudinal length of the upper rod 106 may be greater than a distance from a point at which
the upper rod 106 is coupled to the piston head 104 fo alowermost surface of the piston head
104 Furthermore, the longitudinal axis of the upper rod 106 may be parallel to the
tongitudinal axis 122 of the piston head 104, In view of the foregoing, a lower longitudinal
end of the upper rod 106 may be oriented beneath the piston head 104 when the upper rod
106 is coupled to the piston head 104

As noted above, the upper rod 106 may be coupled to the lower rod 108 on a
tongitudinal end opposite the piston head 104 (1.e, the lower longitudinal end of the upper
rod 106). In some embodiments, the upper rod 106 may be coupled 1o the lower rod 108 via
the connector pin assembly 109. In one or more embodiments, the connector pin assembly

109 may mclude any gudgeon and/or wrnist pin and associated assernbly known in the art.
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Referring to FIG. 2B, in some embodiments, the lower rod 108 may include a forked portion
130, and the upper rod 106 may include a connector portion 132 sized and shaped to fit
within the forked portion 130 of the lower rod 108, The connector pin assernbly 109 may
extend through the forked portion 130 of the lower rod 10¥ and the connector portion 132 of
the wpper rod 106. Referring to FIGS. 1-2B together again, in some embodiments, a
longitudinal axis 124 of the connector pin assembly 109 may be parallel to the longitudinal
axis 120 of the gudgeon pin assembly 107 and may intersect the longitudinal axis 122 of the
piston head 104, In alternative embodiments, the longitudinal axis 124 of the connector pin
assembly 109 may be perpendicular to the longitudinal axis 120 of the gudgeon pin assembly
107,

The lower rod 108 may be rotatable relative to the upper rod 106, For instance, the
lower rod 108 may be configured to pivot about the connector pin assembly 109 and the
upper rod 106, For example, the connector pin assembly 109 may provide a bearing aboul
which the lower rod 108 may pivot as the piston assembly 100 cycles through strokes
{described below). In some embodiments, a ratic of a longitudinal length (ie., center-to-
center length) of the upper rod 106 and alongitudinal length (1.e., center-to-center tength) of
the lower rod 108 may be within a range of about 0.25 and about 0.65. For mstance, a ratio
of a longitudinal length of the upper rod 106 and a longitudinal length of the lower rod 108
may be within a range of about .33 and about 0.57. For example, a ratio of a longitudinal
length of the upper rod 106 and a longitudinal length of the lower rod 108 may be abowt
0.457.

Additionally, in some embodiments, a ratio of a longitudinal fength {i.e., center-{o-
center length) of the upper rod 106 and a distance from a connection point of the upper
rod 106 to the piston head 104 (ie., the center longitudinal axis of the gudgeon pin
assembly 107) to a center longitudinal axis 128 of the crankshaft 126 when the piston
head 104 is af bottom dead center may be within a range of about .45 and about 0.85. For
instance, aratio of a longitudinal length of the upper rod 106 and a distance from a connection
point of the upper rod 106 1o the pision head 104 1o a center longitudinal axis 128 of the
crankshaft 126 when the piston head 104 15 at bottom dead center may be within a range of
about 0.60 and about 0.75. For example, a ratio of alongitudinal length of the upper rod 106
and a distance from a conmection point of the upper rod 106 to the piston head 104 to a center
longitudinal axis 128 of the crankshaft 126 when the piston head 104 is at bottom dead center

may be about 0.68.
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The lower rod 108 may be coupled to a crankshaft 126 at a longitudinal end of the
fower rod 108 opposite the upper rod 106. The crankshaft 126 may include a conventional
crankshaft. For instance, the crankshaft 126 may translate reciprocating motion of the piston
head 104 into rotational motion. Ag is known in the art, a crankshatt includes multiple “crank
throws™ or “crankpins” and multiple bearing surfaces {e.g., rod joumals, connecting rod
journals, efc.) having axes offset from the center longitudinal axis 128 of the crankshaft 126.
The lower rod 108 may be coupled to a respective bearing surface of the crankshaft 126
Additionally, the lower rod 108 may be coupled to the crankshaft 126 via any conventional
bearings. Furthermore, as will be appreciated by one of ordinary skill in the art, an axis of
rotation 128 (i.e, center longitudinal axis) of the crankshaft 126 may be parallel to the
longitudinal axis 124 of the connector pin assembly 109,

For purposes of describing the operation of the piston assembly 100, hour positions
of a typical clock face are referred to herein {e.g., 12 o’clock, 3 o’clock, efc.) as posttions of
the lower longitudinal end of the lower rod 108 about the axis of rotation 128 of the
crankshaft 126. For example, the foregoing positions may refer to a center point of the lower
tongitudinal end of the Jower rod 108 and its position relative to the axis of rotation 128 of
the crankshaft 126 as depicted in FIG. 1, wherein the piston head 104 associated with the
tower rod 108 is at top dead center in the 12 o'clock position and at bottom dead center at
the 6 o'clock position regardless of an ortentation of the associated engine and/or cylinder.

As s described in further detail below, the upper rod 106 of the piston assemnbly 100
provides a lower connection point for the lower rod 108 to connect to the piston head 104 in
comparison to conventional connector rods know in the art. In particular, the upper rod 106
enables the lower rod 108 to pivot about a point that is lower relative to the piston head 104
than typical points about which conventional connector rods pivot. By having a lower point
of connection (i.e., a lower pivot point), the lower rod 108 may be shorter than conventional
connector rods and may reduce a lever length of the lower rod 108. As a result, less force
may be required to move the piston head 104 from the 12 o’clock position to the 6 o’clock
position and/or 1o inifiate movement of the piston head 104 from the 12 o’clock position;
additionally, less force may be required to move the piston head 104 from the 6 o’clock
posttion {0 the 12 ¢ ¢clock position and/or 1o initiale movement of the piston head 104 from
the 6 o’clock position. In other words, the orientation of the crankshaft 126 relative to the

connection point of the lower rod 108 may provide the crankshaft 126 with better leverage
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(i.e., a higher amount mechanical advantage} over a translation of the piston head 104 within
the cylinder 112 of the engine 102 in comparison to conventional piston assemblies.

By reducing the force required to move the piston assembly 100 from 12 o’clock
position to the 6 o’clock position and the 6 o clock position to the 12 o'clock position, the
piston assemnbly 100 of the present disclosure may reduce a tendency of the piston
assernbly 100 to remain at the 12 o’clock and 6 o’clock positions. For instance, reducing the
force required to move the piston assembly 100 from 12 o’clock position to the 6 o’clock
posttion and from the 6 o’clock position to the 12 o’clock position may reduce a tendency of
the piston assembly 100 o remain in a top dead center position or at a botlom dead center
position. In some embodiments, the crankshafi 126 may experience an at least substantially
consistent resistance to rotation throughout a full rotation of the crankshaft 126 unlike
conventional piston assemblies, which have increased resistance at least around the 12
o’clock and 6 o’clock positions. In particular, during rotation, the crankshaft 126 may not
experience peaks o resistance to rotation due to the piston assembly 100 unlike peaks
experienced by crankshafts uttlizing conventional piston assemblies.

In some embodiments, the engine 102 and piston asserably 100 may include a four-
stroke engine. For instance, during use, the piston assembly 100 may complete four separate
strokes while turning the crankshaft 126. In other words, the engine 102 and piston assembly
100 may cvele through a typical four-stroke cycle.

The piston assembly 100 may begin a four-siroke cycle with an intake siroke {e.g.,
an induction or suction stroke}). The intake stroke begins with the piston head 104 positioned
at top dead center and ends with the piston head 104 positioned at bottom dead center, as is
known in the art. During the intake stroke, an intake valve {e.g., valve 114} opens (dus to a
distributor carn lobe of a distributor cam, as 1s known it the art), and as the piston head 104
moves downward within the cyvlinder 112, the piston head 104 pulis air mixture into the
cvlinder 112 by generating a vacuum pressure within the cvlinder 112 via the piston head’s
104 downward motion. Additionally, the fuel injector 118 mjects fuel into the air to form an
air-fuel mixture. As noted above, the piston assembly 100 of the present disclosure may
reduce a force required to move the piston head 104 from the 12 o’clock position o the 6
o’clock posttion, and as avesult, a portion of the energy required to perform the intake stroke
may be saved (e.g., energy from other piston assemblies rotating the crankshaftt 126 during
power (i.e., combustion) sirokes of the other piston assemblies). As will be appreciated by

one of ordinary skill i the ari, reducing an amount of energy required to perform intake
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strokes will result in more energy being available for other operations of the engine 102 (e.g.,
operating a vehicle with the engine 102). Accordingly, the piston assembly 100 of the present
disclosure may provide a more efficient engine in comparison to conventional piston
assemblies.

Subsequent to the intake stroke, the piston assembly 100 commences a compression
stroke. The compression stroke beging with the piston head 104 positioned at bottomn dead
center and ends with the piston head 104 positioned at top dead center. Durnng the
compression stroke, the piston head 104 compresses the air-fuel mixture in preparation for
ignition during the power stroke (described below). Furthermore, doring the compression
stroke, the intake and exhaust valves {e.g., valves 114} are closed. As described above, the
piston assembly 100 of the present disclosure reduces a force required to move the piston
head 104 from the 6 o’clock position to the 12 o’clock position, and as a result, a portion of
the energy required during the compression stroke may be saved. As will be appreciated by
one of ordinary skill in the art, reducing an amount of energy required to perform
compression strokes will result in more energy being available for other operations of the
engine 102,

Upon compressing the air-fuel maxture and arriving at top dead center, the piston
assembly 100 may commence the power (i.e., combustion or ignition)} stroke. When the
piston head 104 is proximate 1o top dead center, the air-fuel mixture is ignited by an nitiator
{e.g.. spark plug, glow plag, efc.) or heat generated by high compression (e.g, diesel
engineas}. Igniting the air-fuel mixture causes an explosion that forcibly causes the piston
head 104 to return to bottom dead center. As is known in the art, the power stroke produces
mechanical work from the engine 102 to rotate the crankshaft 126. For mstance, the power
stroke may produce mechanical work via conventional methods involving piston assemblies
and crankshatis.

As described above, the piston assembly 100 of the present disclosure reduces a force
required to move the piston head 104 from the 6 o’clock position or from the 12 o’clock
position. As a result, the piston assembly of the present disclosure enables the air-fuel
mixture to be ignited closer 1o or at the 12 o clock posiiion in comparison to conventional
piston assemblies. For instance, conventional piston assemblies typically have ignition
posttions between the 10 o'clock and 12 o’clock positions in order to provide the necessary
force to rotate through the 12 o’clock position. Furthermore, as will be understood by one of

ordinary skill in the art, having the air-foel mixture be ignited closer to or at the 12 o’clock
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position {and not significantly earlier) allows for greater dwell time {e g.. a greater dwell
angle (1., a greater fength of time--expressed in distributor cam rotational degrees--that
breakers are closed and the imitiator 15 being charged with electricity) of the distributor cam
rotation. By increasing a dwell time, the piston assembly 100 of the present disclosure may
reduce abruptness of the cam lobes of a distributor cam and may enable intake valves and
exhaust valves {e.g., valves 114) to be open longer during intake and exhaust strokes of the
piston assembly 100,

Moreover, having the air-fuel mixture be ignited closerto or at the 12 o’ clock position
{and not significantly earlier) may reduce an amount of engine knock (i.e., a hammer effect)
exhibited by engines irmaplementing the piston assembly 100 of the present disclosure in
comparison to conventional engines. Reducing engine knock may increase an overall
efficiency of the engines implementing the piston assembly 100 and may lead to increased
overall power while maintaining cylinder size and piston number. Additionally, in some
embodiments, the piston assembly 100 of the present disclosure may dissipate heat more
efficiently from the 3 o”clock position 1o the 6 o’ clock position during the power siroke. For
nstance, in some embodiments, in comparison to conventional piston assemblies, the
crankshaft may be rotated by the piston assembly 100 past the 3:00 pm position {and/or the
6:00 pm position} more quickly than conventional piston assemblies. Accordingly, heat
generated by burning the air-fuel mixture has less time to be absorbed by the cylinder and
engine block. A result, more of the heat is expelled through the exhaust valve 114 and exhaust
port 116 during the exhaust stroke {described below). In some embodiments, dissipating heat
more efficiently may lead to reduced nitrogen oxide emissions.

Upon reaching bottom dead center, the piston assernbly 100 initiates an exhaust
stroke. During the exhaust stroke, the piston head 104 of the piston assernbly 100 once again
returns from bottom dead center to top dead center while an exhaust valve (e g.. valve 114)
is open. The action of the piston head 104 moving from bottom dead center to top dead center
expels spent air-fuel mixture past the exhaust valve 114 and through an exhaust port 116.
Furthermore, upon reaching top dead center, the piston assembly 100 may repeat the above-
deseribed four strokes.

In view of the foregoing, because the piston assembly 100 of the present disclosure
reduces rotation resistance experienced by the crankshaft 126, roore energy from the power
strokes of the piston assemblies 100 of the engine 102 can be maintained {(e.g.. carried}

through the 12 o’ clock and 6 0" clock positions, thus, reducing required energy for performing



WO 2020/018573 PCT/US2019/042053

10

20

N2
W

30

-11 -

subsequent strokes. Accordingly. the piston assembly 100 of the present disclosure may
provide a more efficient engine in comparison to conventional piston assemblies.

FIG. 3 is another schematic side view of a piston assembly 100 disposed within a
cvlinder 112 of an engine 102 according to one or more embodiments of the present
disclosure. The crankshaft 126 1s removed in FIG. 3 to better show components of the piston
assernbly 100. The lower rod 108 may be coupled to the upper rod 106 through the connector
pin assembly 109, The connector pin assembly 109 may be configured to enable the lower
rod 108 to pivot relative to the upper rod 106 about the longitudinal axis 124 of the connector
pin asserably 109, The upper rod 106 may be coupled to the piston head 104 through the
gudgeon pin assembly 107. The upper rod 106 may be configured to fransmut motion of the
crankshaft 126 input into the lower rod 108 to the piston head 104 such that rotation of the
crankshaft 126 resulis in a linear motion of the pision head 104 along the longitudinal axis
122 of the piston head 104. The upper rod 106 and lower rod 108 may substantially align
with the longitudinal axis 122 of the piston head 104, as illustrated in FIG. 3, when the piston
assembly 100 is in the top dead center position and/or the boitom dead center position (e.g.,
the 12 ¢clock and 6 o’ clock positions) before a divection of the piston head 104 15 reversed.

FIG. 4 is a perspective view of the upper rod 106 according to one or more
embodiments of the present disclosure. The upper rod 106 may mclude an upper aperture
402 and a lower aperture 404 formed in the ends of the upper rod 106. The upper aperture
402 may be sized and shaped o receive the gudgeon pin assembly 107 In some
embodiments, the gudgeon pin assembly 107 may be coupled to the upper rod 106 through
an interference fit (e.g., mechanical interference, press fif, esfc ). For example, the upper
aperture 402 may be substantially circolar having a diameter substantially stmilar {0 or even
slightly smaller than the gudgeon pin assernbly 107 In some embodiments, the upper
aperture 402 may have a diameter slightly larger than the gudgeon pin assembly 107 and
may be configured to enable the gudgeon pin assembly 107 to rotate refative to the upper rod
106 and/or provide lubrication to the gudgeon pin assembly 107, For example, the upper
aperture 402 may have a diameter between about 0002 in. (5.1 um} and about .00301n. {76.2
wm} greater than a corresponding diameter of the gudgeon pin assembly 107, such as between
(203 um) and about 0022 in (55.9 um) greater than the diameter of the gudgeon pin

assembly 107.
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The lower aperture 404 may be configured to receive the connector pin assembly
109. In some embodiments, the connector pin assembly 109 may be coupled to the upper rod
106 through an interference fit. For example, the lower aperture 404 may be substantially
circular having a diameter substantially similar to or even slightly smaller than the connector
pin assembly 109, In some embodiments, the lower aperture 404 may slightly larger than the
connector pin assembly 109 and be configured o enable the connecior pin assembly 109 {o
rotate relative to the upper rod 106 and/or provide lubrication to the connector pin assembly
109. For example, the lower aperture 404 may have a diameter between about 0002 in. (5.1
wm) and about (0030 in. {76.2 pm} greater than a corresponding diameter of the connector
pin assembly 109, such as between about 0005 in. {12.7 um) and about .0025 in. {63.5 pm)
greater, or between about .0008 n. (20.3 um) and about .0022 in {55.9 um} greater than the
diameter of the connector pin assembly 109,

In some embodiments, the upper rod 106 may include ridges 406 defining one or
more recesses 408 n the upper rod 106 between the upper aperture 402 and the lower
aperture 404. The nidges 406 may be configured to substantially prevent the upper rod 106
from deforming under the loads transmitied o and from the piston head 104 through the
upper rod 106, For instance, the ridge 406 may be sized and shaped to add structural integrity
to the upper rod 106. The one or more recesses 408 defined by the ridges 406 may enable
the upper rod 106 to be formed using less material that may reduce a mass of the upper rod
106, which may result in a reduction of mass {or the piston assembly 100 and the rotating
mass of the associated engine 102,

FIG. 5 15 a side view of the upper rod 106 of FIG. 4. The gudgeon pin assembly 107
may be received in the upper aperture 402, In some embodiments, the gudgeon pin assembly
may be secured to the upper rod 106 with a pin lock 134, In some embodimenits, the pin lock
134 may be positioned in the piston head 104 (FIG. 3) at opposite ends of the gudgeon pin
assembly 107 sandwiching the gudgeon pin assembiy 107 between the pin locks 134, The
pin lock 134 may include a snap ring (e.g, CIRCLIPS®, C~clips, E~clips, e#.}, a wire clip,
spiral locks {e.g., spirolocks, erc.}, a pin bution, a set screw, a cinch-bolt, roll pin, erc.

The connector pin assembly 109 may be received in the lower aperture 404, In some
embodiments, the connecior pin assembly 109 may be secured {0 the upper rod 106 with a
pin lock 134, In some ernbodiments, the pin lock 134 may be positioned in the lower rod 108
{FIG. 3) at opposite ends of the connector pin assembly 109 sandwiching the connector pin

assernbly 109 between the pin locks 134, In some embodiments, the connector pin assermbly
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109 may extend beyond an outer surface of the joint between the lower rod 108 and the upper
rod 106 and the pin locks 134 may be located on the connector pin assembly 109 at opposing
ends of the connector pin assembly sandwiching the upper rod 106 and the lower rod 106
between the pin locks 134, The pin lock 134 may include a snap ring {e.g.. CIRCLIPS®, C-
clips, E-clips, efc.}, a wire clip, spiral, a pin bution, a set screw, a cinch-bolt, roll pin, efc.

FIG. 615 a side view of the gudgeon pin of a gudgeon pin assembly 107 according (o
one or more embodiments of the present disclosure. Referring to FIGS. 4-6 together, the
gudgeon pin assembly 107 may be configured to extend through the upper aperture 402 of
the upper rod 106 and into the piston head 104, The gudgeon pin assembly 107 may secure
the upper rod 106 to the piston head 104. In some emnbodiruents, the gudgeon pin assembly
107 may be configured in a semi-floating configuration wherein the gudgeon pin assembly
107 enables the piston head 104 to rotate relative to the gudgeon pin assembly 107 and is
rotationally secured to the upper rod 106. For example, the gudgeon pin assernbly 107 may
have an interference fit in the upper aperture 402 of the upper rod 106, In some embodiments,
the gudgeon pin assembly 107 may be configured in a full-floating configuration wherein
the gudgeon pin assembly 107 is configured to enable the upper rod 106 and the piston head
104 to rotate relative to the gudgeon pin assembly 107. The gudgeon pin assembly 107 may
have a length sufficient to extend into the piston head 104 on opposite sides of the upper rod
106.

FIG. 7A 15 a side view of connector pin of a connector pin assembly 109 and FIG.
78 15 an end view of the connector pin assembly 109 according o one or more embodiments
of the present disclosure. Referring to FIGS. 4-7B together, the connector pin assembly 109
may be configured to extend through the lower aperture 404 of the upper rod 106 and into
the fower rod 108, The connector pin assembly 109 may secure the upper rod 106 to the
tower rod 108 forming a joint {e. g, pivot point} between the upper rod 106 and the lower rod
108. In some embodiments, the connector pin assembly 109 may be configured in a semi-
floating configuration. For example, the connector pin assembly 109 may be fixed to the
upper rod 106 or the lower rod 108 through a connection such as a press fit, while having a
clearance fitting with the opposite lower rod 108 or upper rod 106. The clearance fit may
enable the associated upper rod 106 or lower rod 108 to rotate relative to the conmector pin
assembly 109, Tn some embodiments, the connector pin assembly 109 may be configured in

a full-floating configuration with a clearance fit between the connector pin assembly 109 and



WO 2020/018573 PCT/US2019/042053

10

20

N2
W

30

- 14 -

the upper rod 106 and the lower rod 108, such that both the upper rod 106 and the lower rod
108 may rotate relative to the connector pin assembly 109,

FIG. 815 a perspective view of the lower rod 108 coupled to the upper rod 106 via
the connector pin assembly 109, The connector portion 132 of the upper rod 106 may be
located within the forked portion 130 of the lower rod 108. The connector pin assembly 109
may extend through the forked portion 130 of the Tower rod 108 and the connector portion
132 of the upper rod 106, In some erbodiments, the connector pin assernbly 109 may be
secured with one or more pin locks 134, For exarmple, pin locks 134 may be inserted into the
torked portion 130 of the fower rod 108 on opposite ends of the connector pin assembly 109
sandwiching the connector portion 132 between the pin locks 134, The connector pin
assembly 109 may be contigured fo enable the lower rod 108 to pivot relative to the upper
rod 106 at the joint between the upper rod 106 and the lower rod 108 about the fongitudinal
axis 124 of the conmector pin assembly 109,

FIG. 915 a side view of the lower rod 108 of the piston assembly 100. In one or more
embodiments, the lower rod 108 may include an upper aperture 902 formed near a first
tongitudinal end of the lower rod 108 and a lower aperture 904 formed near a second
longitudinal end of the lower rod 108. The upper aperture 902 of the lower rod 108 may be
sized and shaped to have the connector pin assembly 109 extend therethrough. The lower
aperture 904 of the lower rod 108 may be sized and shaped to have a bearing portion of the
crankshaft 126 extend therethrough.

FIG. 10A is a bottom perspective view of a piston head 104 having an upper rod 106
coupled thereto according to one or more embodiments of the present disclosure. FIG. 10B
ts a bottorn view of the piston head 104 of FIG. 10A. Referming to FIGS. 10A and 10B
together, the upper rod 106 is removed from FIG. 10B to better show the structure of the
piston head 104. As shown in FI(GS. 10A and 10B. in some embodiments, the piston head
104 may include one or more gussets 1002, 1004 for securing and fixing a position of the
upper rod 106 relative to the piston head 104. For instance, the one or more gussets may
extend downward {downward as depicted in FIG. 10A) and may define an upper rod
receiving aperture 1006 in the piston head 104, The upper rod receiving aperture 1006 may
be sized and shaped to receive the upper rod 106 and (o substantially hold a position of the
upper rod 106 fixed relative to the piston head 104 such that the upper rod 106 does not
significantly move relative to the piston head 104 during piston strokes. For instance, the one

or more gussets 1002, 1004 and upper rod recetving aperture 1006 may hold the position of
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upper rod 106 fixed relative to the piston head 104 via mechanical interference. In some
embodiments, the one or more gussets 1002, 1004 may be integral (e.g., may form an integral
body} with the piston head 104, In additional embodiments, the one or more gussets 1002,
1004 may include distinct members from the piston head 104 and may be attached (e g.,
welded) to the piston head 104.

FIGS. 11-13 show additional perspective views of the piston head 104 and crankshaft
126 according to one or more embodiments of the present disclosure. Referring to FIGS. 11-
13 together, the lower rod 108 may be coupled to an outer jownal 1304 of the crankshaft
126. The crankshaft 126 may rotate about a longitudinal axis of the crankshaft 126, The ouler
journal 1304 of the crankshaft 126 may travel around the longitudinal axis of the crankshaft
126. The lower rod 108 may travel with the outer journal 1304 of the crankshaft 126 about
the longitudinal axis of the crankshaft 126.

The connector pin assernbly 106 between the upper rod 106 and the lower rod 108
may change an angle between the lower rod 108 and the crankshatt 126 relative to an engine
with similar stroke and a connecting rod connecting directly between the piston head 104
and the crankshaft 126 at the same respectlive positions. For gxample, the angle between the
tower rod 108 and the crankshaft 126 may change roore rapidly after the piston head 104

eaches top dead center or bottom dead center. The rapid change in the angle between the
lower rod 108 and the crankshaft 126 mayv enable the lower rod 108 to achieve a more
advantageous angle {(e.g., an angle providing more leverage) earlier during a stroke. An
advantageous angle, relative to conventional piston assemblies, between the lower rod 108
and the crankshaft 126 may be an angle such that the force being transmitted through the
tower rod 108 1s substantially tangential to the circular motion of the outer jouwmal 1304 of
the crankshaft. As the angle between the lower rod 108 and the crankshaft 126 approaches
the advantageous angle, less of the force being transmitted by the lower rod 108 may be
wasted. Furthermore, wasting less force results in a more efficient transmission of power.

in some embodiments, the more rapidly changing angle between the lower rod 108
and the crankshaft 126 may enable dimensions of the engine 100 to be reduced with less
clearance required for the connecting rod assembly. In some embodiments, the more rapidly
changing angle between the lower rod 108 and the crankshalt 126 may enable the crankshaft
126 to be configured to impart a wider range of moverent to the piston head 104 (g, a
longer stroke) before additional clearance is required inside the motor to accommodate the

movement of the connecting rod assembly. In particular, at the 3 o’clock and 9 o’clock
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posttions {e.g., mid-stroke), a conventional connecting rod may extend in a substantially
straight diagonal line from the outer journal 1304 to the piston head 104 requining more
clearance between the connecting rod and intemal engine structures than a connecting rod
assembly according to embodiments of the present disclosure.

FIG. 13 illustrates an alternative embodiment where the lower rod 108 may be
coupled to a central journal 1302 of the crankshaft 126. For example, the engine may include
one or more control cylinders where the piston head 104 and connecting rod assernbly are
mainiained stationary. For example, a variable compression engine may include a conirol
cyhinder to which one or more piston assemblies are coupled to provide a common reference
when varving the travel {e.g., stroke) of the piston assemblies in the active cvlinders.

FIG. 14 A illustrates a perspective view of the upper rod 106, FIG. 14B illustrates a
side view of the upper rod 106. FIG. 14C illustrates a cross-sectional view of the upper rod.
FIG. 14D illustrates a cross-seclional view of the upper rod. Referring to FIGS. 14A-14D,
the upper rod 106 may include a stemn 1402 connecting the upper aperture 402 and the lower
aperture 404. In some embodiments, the stem 1402 may have at least one dimension that is
substantially the same as the dimensions of the upper rod 106 at the ends of the upper rod
106. For example, the stem 1402 may have a width that 1s substantially the same as a diameter
of the ends of the upper rod 106, In some embodiments, the stem 1402 may have another
dimension that varies along the length of the stem 1402, For example, a surface of the stem
1402 may be recessed in a central portion of the stermn 1402, The recess may enable the stem
1402 to be constructed with fewer materials, reducing a mass of the upper rod 106, The
dimensions of the stem 1402 may be configured such that more material is present in regtons
of the stem 1402 where higher amounts of stress may be present, while reducing the amount
of material in lower stress regions of the upper rod 106,

The ends of the upper rod 106 may include material swrrounding and defining the
upper aperture 402 and the lower aperture 404. The material surrounding the upper aperture
402 may include an outer chamfer 1406 along an outer edge of the material and an mner
chamfer 1410 along an inner edge defining the upper aperture 402. The material surrounding
the lower aperture 404 may include an outer chamfer 1404 along an outer edge of the material
and an inner chamfer 1408 along an inner edge defining the lower aperhure 404, The chamfers
1404, 1406, 1408, and 1410 may reduce siress risers in the material and/or reduce {riction
between the upper rod 106 and other components such as the gudgeon pin assembly 107, the

connecting pin assembly 109, the piston head 104, and the lower rod 108.
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In some embodiments, the upper aperture 402 and the lower aperture 404 may be
offset from one another. For example, the upper aperture 402 and the lower aperture 404 may
be offset in a direction substantially parallel to the axes of the gudgeon pin assembly 107 and
connecting pin assembly 109, In another example, the upper aperture 402 and the lower
aperture 404 may be offset from each other in a direction substantially transverse {o the axes
of the gudgeon pin assermnbly 107 and connecting pin assembly 109, The direction and/or
magnitude of the offset may be configured to reduce one or more of rotational balancing,
engine harmonics, and/or side loads on the piston.

FIG. 15A tHustrates a perspective view of the lower rod 108, FIG. 15B illustrates a
front view of the lower rod 108. FIG. 15C illustrates a side view of the lower rod 108, FIG.
15D illustrates a bottom view of the lower rod 108, Referring to FIGS. 15A-15D, i some
embodiments, the lower rod 108 may be formed in at least two parts. The lower rod 108 may
mclude a vod portion 1510 and a beaning cap 1512, The bearing cap 1512 and rod portion
1510 may define the lower aperture 904. The bearing cap 1512 may be configured to be
removed to enable a journal of the crankshaft 126 to be inserted into the portion of the lower
aperture 904 defined by the rod portion 1510, The bearing cap 1512 may be coupled to the
rod portion 1510 atter the joumnal of the crankshaft 126 1s inserted into the lower aperiure
904 of the rod portion 1510, enclosing the journal of the crankshaft 126 in the lower aperture
904 of the lower rod 108. The bearing cap 1512 mav be coupled to the rod portion 1510
through a hardware conmnection 1514, such as studs, nuts, bolts, screws, ere.

The lower rod 108 may include a forked portion 130. The forked portion 130 may
include at least two annular sections 1502 defining the upper aperture 902 and a base section
1508 separating the at least two annular sections 1502 defining an opening between the at
teast two annular sections configured to receive the connecting portion 132 of the upper rod
106. The base section 1508 may include a curved surface having a complementary shape to
the end surface of the upper rod 106 such that the fower rod 108 may pivot freely when
coupled to the upper rod 106. In some embodiments, the base section 1508 and/or the at least
two annular sections 1502 may include a limiting element configured to linut a rotation of
the lower rod 108 relative to the upper rod 106. For example, the limiting element may
mnclude a stop, a gear, a set of interlocking teeth, efc. configured {o substantially prevent the
lower rod 108 and the upper rod 106 from reaching a critical angle, such as a locking angle
or an angle that will generate excessive side loads on the piston causing the piston skirt to

contact the cylinder wall.
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The at least two annular sections 1502 may include chamferaed edges 1518, 1520, and
1522. For example, the at least two annular sections may include a chamfered edge 1518
between an imnner surface 1516 of the upper aperture 902 and an inner surface 1524 of the
associated annular section 1502, The at least two annular sections 1502 may also include a
chamfered edge 1520 between a radial surface 1504 and a face surface 1505 of the associated
anmular section 1502, The at least two annular sections 1502 may further include a chamfered
edge 1522 between inner surface 1516 of the upper aperture 902 and the face surface 1505
of the associated annular section 1302,

The tower rod 108 may include connecting structures 1306, 1526 coupling the forked
portion 130 to the rod portion 1510 of the lower rod 108. A side connecting structure 1506
may form a rounded surface that is substantially tangential with both the rod portion 1510 of
the lower rod 108 and the at feast two annular sections 1502, The side connecting structure
1506 mav operatively couple the at least two anmular sections 1502 {o each other and
operatively couple the at least two annular sections 1302 to the rod portion 1510 of the lower
rod 108, A face connacting structure 1526 may couple the at least two annular sections 1502
to a respective face of the rod portion 1510 of the lower rod 108. For example, the face
connecting structure 15326 may extend between the face of the rod portion 1510 of the lower
rod 108 to the radial surface 1504 of the respective annular section 1502, In some
embodiments, the face connecting structure 1526 may include a rounded surface that may be
substantially tangential to both the face of the rod portion 1510 of the lower rod 108 and the
radial surface 1504 of the respective annular section 1502,

FIG. 16A shows a perspective view of the piston head 104 according to one or more
embodiments of the present disclosure. FIG. 16B shows a bottom view of the piston head
104. FIG. 16C shows a cross-sectional view of the piston head 104, FIG. 16D shows a cross-
sectional view of the piston head 104. Referring to FIGS. 16A-16B, the upper rod receiving
aperture 1006 of the piston head 104 may be defined by the gussets 1002, 1004 and the pin
support structure 1606. In some embodiments, the upper rod receiving aperture 1006 may be
configured to limit rotation of the upper rod 106 relative to the piston head 104. For example,
in some embodiments, the upper rod receiving aperture 1006 may be configured to limit the
how f{ar the upper rod 106 may rotate relative to the piston head 104, such as between about
-15° and about 13°, between about -10° and about 10°, or between about -5 and about 5°. In
other embodiments, the upper rod receiving aperture 1006 may be configured to substantially

prevent rotation of the upper rod 106 relative to the piston head 104
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The piston head 104 may include one or more anmular grooves 1602 {e.g., ring
grooves). The annular grooves 1602 may be configured to receive piston rings (e.g.,
compression rings, sealing rings, o1l rings, e#¢. ). The piston rings roay be configured to form
a seal between the piston head 104 and a respective cylinder wall in the engine 100 and
reduce the surface area of the piston assembiv 102 in contact with the cviinder wall of the
engine 100. The piston head 104 may also inchude skirts 1612, The skirts 1612 may extend
from a top portion of the piston head 104 below the annular grooves 1602 at substantially
the same diameter of the top portion of the piston head 104. The skirts 1612 may be radially
positioned about 90° from the pin support stracture 1606 and/or substantially radially aligned
with the gussets 1002, 1004. The skirts 1612 may be configured to substantially maimtain an
orientation of the piston head 104 relative to the respective cvlinder in the engine 100 when
side 1oad forces are transmitted to the piston head 104 through the connecting rod assembly.
For example, the skirts 1612 mayv be configured o only contact the cylinder wall if the piston
head 104 begins to rotate about the gudgeon pin assembly 107 relative to the cylinder and
substantially prevent the rotation. The skirts 1612 and the gussets 1002, 1004 may define
one or more cavities 1608 in the piston head 104. The one or more cavities 1608 may reduce
a material mass of the piston head 104 and/or enable the piston head 104 to dissipate heat.

The pin support structure 1606 may include a pin receiving aperture 1604 {e.g., pin
boss) configured to receive the gudgeon pin assembly 107. The pin receiving aperture 1604
may nclude one or more annular grooves configured to recetve a pin lock 134 1o secure the
gudgeon pin assembly 107 in the pin receiving aperture 1604,

FIG. 17A shows a perspective view of a piston head 1704 according to one or more
additional embodiments of the present disclosure. FIG. 17B shows a botiom view of the
pistonthead 1704 of FIG. 17A. FIG. 17C shows a side cross-sectional view of the piston head
1704 of FIG. 17A. FIG. 17D shows another side cross-sectional view of the piston head 1704
of FIGG. 17A. Referring to FIGS. 17A-17D, the piston head 1704 may be vtilized within any
of the piston assemblies (e.g., piston assernbly 100) and any elements of the piston
assemblies described above in regard to FIGS. 1-16D.

Asg shown in FIGS. 17A-17D, in some embodiments, the piston head 1704 may
mnclude one or more gussets 1702, 1703 for securing and fixing a position of an upper rod
{e.g., upper rod 106) relative to the piston head 1704, For instance, the one or more gussets
may extend downward (downward as depicted in Fi(G. 17A-17D) and may at least partially

define an upper rod receiving aperture 1706 in the piston head 1704, The upper rod recetving
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aperture 1706 may be sized and shaped to recetve the upper rod and to substantially hold a
position of the upper rod fixed relative o the piston head 1704 such that the upper rod does
not significantly move relative to the piston head 1704 during piston strokes (e.g., the piston
strokes described above). For instance, the one or more gussets 1702, 1705 and upper rod
recetving aperture 1706 may hold the position of upper rod fixed relative to the piston head
1704 viamechanical mterference. In some embodiments, the gussets 1702, 1705 may mclude
protrusions 1708 {e.g., ndges) extending from the gussets 1702, 1705 to at least partially
define the upper rod receiving aperture 1706, In some embodiments, the one or more gussets
1702, 1705 may be integral {e.g., may form an integral body) with the piston head 1704 In
additional embodiments, the one or more gussets 1702, 1703 may include distinct members
from the piston head 1704 and may be attached (e g.. welded) to the piston head 1704, The
piston head 1704 may be usable with any of the gudgeon pin assemblies {e.g., the gudgeon
pin assernbly 107) described above,

In some embodiments, piston skirts 1710 may be defined by one or more recesses
1712 along a side of the piston head 1704, A pin receiving aperture 1714 may be defined
within the recesses 1712, The pin recetving aperture 1714 may extend through the gussets
1702, 1705 between the recesses 1712 on oppostie sides of the piston head 1704,

FIG. 18A 15 a side view of a lower rod 1808 in an exploded configuration according
o one or more additional embodiments of the present disclosure. FIG. 18B is a side view of
the lower rod 1808 of FIG. 18A in an assembled configuration. FIGS. 19A-19C show various
views of an upper portion 1902 of the lower rod 1804 according to one or more embodiments
of the present disclosure. FIGS. 20A-20D show various additional views of the upper portion
1902 of the lower rod 1808 according to one or more ernbodiments of the present disclosure.
FIGS. 21 A-21F show various views of a lower portion 2102 of the lower rod 1808 according
to one or more embodiments of the present disclosure.

Referring to FIGS. 18A-21F together, the lower rod 1808 may be utilized within any
of the piston assemblies (e.g., piston assernbly 100) and any elements of the piston
assemblies described above in regard to FIGS. 1-17D. Furthermore, referring to 18A-21F
together, the upper portion 1902 of the lower rod 1808 and the lower portions 2102 of the
tower rod 1808 may be connecled together via fasteners and/or alignment sleeves 1809,
1811 The alignments sleeves 1809, 1811 are shown in greater detail in regard to FIGS. 23A
and 23B. As shown in FIGS. 23A and 23B, the alignment sleeves 1809, 1811 may mclude a

chamfer edge 2302 formed on each longitudinal end of the alignment sleeves 1809, 1811,
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The upper portion 1902 and the lower portion 2102 of the lower rod 1808 may define alower
aperture 1804. The lower aperture 1804 may be configured o couple the lower rod 1808 o
ajournal on the crankshaft 126 as described above. The upper portion 1902 of the lower rod
1808 may include an upper aperture 1802 configured to couple the lower rod 1808 to the
upper rod 2206, described below with respect to FIGS. 22A-22E.

In some embodiments, the lower rod 1808 may include one or more flanges 1904
connected through a web 1906, such as {-bearn connecting rods, A-beam connecting rods, or
H-beam connecting rods.

FIGS. 22A-22E show vartous views of an upper rod 2206 according to one or more
embodiments of the present disclosure. Sinular to the upper rod 106 described above, the
upper rod 2206 may be coupled to a piston head {e.g, piston head 1704} via a gudgeon pin
assembly (e.g., gudgeon pin assembly 107) at a first longitudinal end of the upper rod 2206
and may be coupled to a lower rod {e.g., lower rod 1808) at a second opposite longitudinal
end of the upper rod 2206, In some embodiments, the upper rod 2206 may be coupled to a
piston head 1704 proximate to or at a centroid of the piston head 1704, In one or more
embodiments, the upper rod 2206 may be coupled to the piston head 1704 at a point that is
centered between an upper surface and lower surface of the piston head 1704 and intersecting
a center longitudinal axis of the piston head 1704, In some embodiments, the upper rod 2206
may be fixed relative to the piston head 1704. For instance, the upper rod 2206 may not rotate
and/or translate relative to the piston head 1704 during use. In some embodiments, the upper
rod 2206 may include indexing features 2202 configured to substantially rotationally fix the
upper rod 2206 within the upper rod receiving aperture 1706 defined in the piston head 1704,
For example, the indexing features 2202 may include a flange baving substantially straight
sides 2204. The substantially straight sides 2204 may be configured to interface with the
gussets 1702, 1705 and/or the protrusions 1708 in the piston head 1704 to linut and/or
substantially prevent the upper rod 2206 from rotating relative to the piston head 1704,

The upper rod 2206 may extend in an axial direction {e.g., in a direction parallel to
the longitudinal axis of the piston head 1704} from the piston head 1704 to a region below
the piston head 1704. For instance, alongitudinal length of the upper rod 2206 may be greater
than a distance from a point at which the upper rod 2206 1s coupled 1o the piston head 1704
to a lowermost surface of the piston head 1704. Furthermore, the longitudinal axis of the
upper rod 2206 mav be paraliel to the longitudinal axis of the piston head 1704, In view of

the foregoing, a lower longitudinal end of the upper rod 2206 may be oriented beneath the

gl
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piston head 1704 when the upper rod 2206 15 couplad to the piston head 1704. As depicted
in FIGS. 22A-22E, the upper rod 2206 may include a forked portion 2213 for connecting to
the lower rod 1808, The forked portion 2213 is described in greater detail below. For
instance, in some embodiments, the upper rod 2206 may not include forked portion, and
rather, the lower rod 1808 may include a forked portion for connecting 1o the upper rod 2206,

The upper rod 2206 way include an upper aperture 2212 configured {o receive a
gudgeon pin assembly 107 and a lower aperture 2214 configured 1o receive a connector pin
assembly 109. The gudgeon pin assembly 147 may be inserted mto the upper aperture 2212
through the pin receiving apertures 1714 1o the piston head 1704, The lower aperture 2214
may be extend through the forked portion 2213 of the upper rod 2206. A knuckle joint may
be formed to connect the lower rod 1808 to the upper rod 2206 with the connector pin
assembly 109 being inserted through the lower aperture 2214 of the upper rod 2206 and the
upper aperture 1802 of the lower rod 1808, wherein the upper aperture 1808 of the lower rod
1808 15 disposed within the forked portion 2213 of the upper rod 2206

FIG. 24 shows a piston assembly 2400 according to one or more embodiments of the
present disclosure. Components of the pision assembly 2400 may be uiilized within any of
the piston assemblies {e.g., piston assembly 100} and any elements of the piston assemblies
described above in regard to FIGS. 1-23B. The piston head 2404 may be coupled to the lower
rod 2408 through an upper rod 2406. In some embodiments, the upper rod 2406 may include
one or more support flanges 2410 that may extend from the upper rod 2406 to a side structure
of the piston head 2404 such as the piston skirt, internal gussets, efc. In some embodiments,
the support flanges 2410 may extend in a substantially straight line from the upper rod 2406
to the side structure of the piston head 2404, Tn some embodiments, the support flanges 2410
may have a curved profile. The support flanges 2410 may substantially prevent the upper rod
2406 from rotating relative to the piston head 2404,

Referring to FIGS. 1-24 together, some embodiments include a lower rod that
imcludes a forked portion. Additionally, the forked portion may be formed either on the upper
rod or the lower rod. Furthermore, the upper rod may be attached to a gudgeon pin {e.g., a
wrist pin} via any of the manners described herein and/or any conventional manners or
combinations of manners. Additionally, the lower rod may be coupled to the upper rod via
any manuers described herein, conventional manners, and/or combinations of manners.

In some embodiments, the upper rod may be coupled to a gudgeon pin {e.g.. the wrist

pin between the upper rod and the lower rod) n a ball and socket configuration. For instance,
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the upper rod may free float relative to the lower rod. The foregoing configurations may
reduce wear on the upper rod during operation of the pision assembly.

In some embodiments, the upper rod may be {ixed (e.g., locked) relative to the piston

ead via any manner. For instance, the upper rod may be fixed relative to the piston head via
any tyvpe of mechanical mterference between the upper rod and the piston {e.g., welds,
fittimgs, fasteners, adhesives, brazing). In some embodiments, the upper rod and the piston
head may form a single integral body. In one or more embodiments, the upper rod mav be
fixed relative to the piston head via the gudgeon pin. For instance, the gudgeon pin {(e.g.,
wrist pin) may have a non-~circular shaped cross-section. For example, the gudgeon pin may
have a square or rectangular-shaped cross-section, an oval-shaped cross-section, a triangular-
shaped cross-section, an irregular-shaped cross-section, or any combination of the foregoing
shaped cross-sections. In further embodiments, the upper rod may be fixed {(e.g., locked)
relative to the piston head via stops, himiters, dowels, formed angles, or centric formations
{e.g.. upper rod receiving apertures 1006, 1706, gears, cams, shder grooves, erc.) formed on
any of the upper rod, the lower rod, and/or the piston head.

In some embodiments, the upper rod may not be fixed relative (o the piston head. For
mstance, in one or more embodiments, the upper rod may pivot relative to the piston head.
In some embodiments, an amount about which the upper rod can rotate relative to the piston
head may be limited via any of the manners described above by which the upper rod can be
fixed. For example, the upper rod may have a himited motion relative to the piston head. In
additional embodiments, the upper rod may be free to rotate relative to the piston head.

In one or more embodiments, any element of the piston assembly {e.g., the piston
head, the upper rod, the lower rod, the gudgeon pin assembly, and the connector pin
assembly) may include a steel, an allov, and/or composite material. However, the piston
assembly i1s not himited to any specific type of material or material combination.

The piston assemblies described herein may provide additional advantages over
conventional piston assemblies. For instance, m comparison to conventional piston
assemblies, the piston assemblies {e.g., piston assembly 100} of the present disclosure may
provide more torque 1bfft (e.g, leverage), which mav provide more inertia (Ibs) to a
crankshaft. For example, the piston assemblies (e.g., piston assembly 100) of the present
disclosure may provide about 12% more inertia (Ibs) to the crankshaft in comparison to

conventional pision assemblies.
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Additionally, the piston assembiies {e.g.. piston assembly 100} of the present
disclosure may translaife the piston head 104 at a faster rate and/or change an angle between
the lower connecting rod and the crankshatt at a faster rate from top dead center (TDC)
during a piston stroke in comparison to conventional piston assemblies. As aresult, the piston
assemblies of the present disclosure may vield an improved angle at which the piston
assembly is rotating the crank at a highest cylinder pressure in comparison {0 conventional
piston assemblies. Accordingly, a resulting power stroke of the piston assemblies of the
present disclosure may provide more usable energy.

Moreover, the piston assemblies of the present disclosure translate the pision at a
faster rate during portions of a piston stroke in comparison to conventional piston assemblies.
As a result, the piston assemblies of the present disclosure may enable ignition to occur more
proximate to TDC in comparison {0 conventional piston assemblies. Enabling ignition {o
occur more proximate to TDC provides more {ime for combustion. By providing more time
for combustion the mixture of fuel and air may burn more completely during the power stroke
such that less unburned fuel and/or harmful emission gasses resulting from partially bumed
fuel, such as carbon-monoxide (CO}, hydrocarbons (HC), and nitrogen oxides {(NOx). This
may result in cleaner {e.g., better) emissions.

The piston assemblias of the present disclosure also move the piston head at a higher
velocity within the pision chamber between 12 o'clock and 3 o’clock ((° and 90°) in
comparison io conventional piston assemblies. The higher velocity of the piston head may
reduce the amount of time the piston spends at or near top dead center {e.g., dwell ime).
Combustion that occurs while the pision is at or near top dead center and not moving i
substantially converted to waste heat rather than work, As a result, the piston assemblies of
the present disclosure provide more effective ignition by moving away from top dead center
at a higher rate effectively reducing the amount of waste heat generated by combustion. The
reduction in dwell time and waste heat may also reduce an engine’s proclivity to detonation
{e.g.. uncondrolled 1gnition often resulting from high compression and/or low octane fuels).
Therefore, the piston assemblies of the present disclosure may enable engines to operate at
higher compression ratios, which may improve engine efficiency and/or power production.
The piston assemblies of the present disclosure may also enable engines {6 be operated with
lower octane fuel, enabling higher performance and/or more efficient engines to be operated
on less expensive fuel. Furthermore, the pision assemblies of the present discloswre cause

the piston head to drop further within the piston chamber from 12 o'clock and 3 o’clock in
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comparison to conventional piston assemblies. Both of the foregoing behaviors result in the
piston assemblies of the present disclosure providing improved volumetric efficiency,
improved scavenging, increased negative pressure in the cylinder, and additional air mtake
{e.g, air volume intake} into the piston chamber {(eg, cvlinder) in comparison to
conventional piston assemblies. The foregoing behaviors provide increases in energy
produced by the piston assemblies in comparison to conveniional piston assernblies.

Additionally, the piston assemblies of the present disclosure cause the piston head to
move at a slower rate from 6 o’clock position to the 9 o clock position during an exhaust
stroke in comparison to conventional piston assemblies. Moving the piston head at a slower
rate from the 6 o”clock position to the 9 o’ clock position during an exhaust stroke may reduce
heat buildup and an overall engine temperature during operation in comparison 1o
conventional piston assemblies.

Furthermore, the piston assemblies of the present disclosure cause the piston head o
move at a faster rate from 9 o’clock position to the 12 o’clock position during an exhaust
stroke in comparison to conventional pision assemblies. Moving the piston head at a fasier
rate from the 9 o’clock position to the 12 o'clock position during an exhaust siroke may
create more negative pressure within the piston charnber which leads to improved scavenging
and expelling more exhaust and/or unbumed fuel in comparison to conventional piston
assemblies. Expelling more exhaust and/or unburned fuel enables more fresh air to be drawn
mto the piston chamber (e.g., cylinder) subsequently in comparison {o conveniional piston
assemblies.

Moreover, the piston assemblies of the present disclosure may provide more air flow
at a lower valve 1ift, which provides/enables a less abrupt profile on a camp lobe, reduces
fatigue, and reduces fatlure in comparison fo conventional piston assemblies.

The piston assemblies of the present disclosure may further enable an intake valve to
be open for longer pertods of time with less reversion in comparison to conventional piston
assernblies. Additionally, the piston assemblies of the present disclosure reduce a dwell time
(e.g., atime during which the piston remains {(e.g., sits) at top dead center before reversing
direction). Moreover, the piston assemblies of the present disclosure may provide improved
scavenging during valve overlap in comparison to conventional piston assemblies.

Additionally, the piston assernblies of the present disclosure may provide increased
clearance relative to other elements of an engine during the middle portion of each stroke

{e.g.. the 3 o’clock and 9 o'clock positions). As a result, a rod-to-cvlinder wall clearance is
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improved when increasing the stroke of the engine {e. g, stroking the engine), such as
installing a crankshaft with a longer stroke to increase engine displacement.

Furthermore, the piston assemblies of the present disclosure, by utihizing two rods
{e.g., the upper rod and the lower rod) and two sets of wrist pins, may reduce impact forces
by 50% on individual components. For example, each wrist pin assembly includes small
amounts of clearance between the wrist pins and the associated connecting rods, pistons,
crankshaft, efc. The small amount of clearance may be filled with oil or another lubricating
fluid during engine operation. Impact forces may be transmitted through these clearance
areas and the associated lubricating fhad, such that an mitial shock, jerk, impact, efe. caused
by the impact forces may be absorbed and/or dissipated by the lubricating fluid and clearance
in the connection. For instance, the piston assemblies of the present disclosure operate as a
shock absorber, and when wutilized with the faster angle change at TDC (which reduces the
hammer effect), resulis i less siress being trans{erred to the crankshalt, bearings, rods {e.g..
upper rod and lower rod), and piston head.

Moreover, the piston assemblies of the present disclosure may reduce rocking friction
on a piston skirt of the piston head aganst the inner wall of the piston chamber {e.g.,
cyhinder). Furthermore, the piston assemblies of the present disclosure may function even
more efficiently with Turbo Chargers and Super Chargers. For example, the higher velocity
of the piston head at or near top dead center may provide more space in the cylinder earlier
i the intake stroke enabling a turbo charger or super charger to input a greater amount of air
during the intake stroke. Moreover, common problems with turbo charger and super charger
applications include an increased amount of heat and detonation often requiring turbocharged
and supercharged applications to be operated at lower compression ratios and/or higher
octane fuels. The improved heat dissipation reduced amount of dwell time of the piston
assembilies of the present disclosure may tmprove the efficiency of turbo charged and super
charged applications.

The present disclosure further includes the following embodiments:

Embodiment 1: A piston assembly, comprising: a piston head for reciprocating within
a cylinder of an engine; an upper rod coupled to the piston head at one longitudinal end of
the upper rod and fixed relative (o the piston head: and a lower rod rotatably coupled to an
opposite longitudinal end of the upper rod, the lower rod configured fo pivot about the
opposite longitudinal end of the upper rod, wherein the lower rod 1s configured to couple to

a crankshaft at a longitudinal end of the tower rod opposite the upper rod.
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Embodiment 2: The piston assembly of Embodiment 1, wherein the piston head
comprises: a first gusset exiending axially from a upper portion of the piston head; and a
second gusset extending axially from the upper portion of the piston head, the first and
second gussets defining an upper rod receiving aperture,

Embodiment 3: The piston assembly of Embodiments 1 or 2, wherein the upper rod
15 disposed within the upper rod recetving aperiure of the piston head.

Embodiment 4: The piston assemblv of any of Embodiments 1 through 3, wherein
the upper rod receiving aperture of the piston head is sized and shaped to fix the upper rod
relative to the pision head.

Erobodirnent 5 The piston assembly of any of Embodiments 1 through 4, further
comprising a gudgeon pin assembly coupling the upper rod to the piston head.

Embodiment 6. The piston assembly of any of Embodiments 1 through 5, wherein
the gudgeon pin assembly comprises two or more circhips, a needle sleeve bearing, and a
gudgeon pin.

Embodiment 7. The piston assembly of anv of Embodiments 1 through 6, further
comprising a connecior pin assembly coupling the upper rod to the lower rod.

Erobodirnent 8: The piston assembly of any of Embodiments | through 7. wherein
the lower rod comprises a forked portion, the upper rod comprises a connector portion, and
the connector pin assembly extends through the forked portion of the lower rod and the
connector portion of the upper rod.

Embodiment 9: An engine, comprising. one or more cvlinders; a crankshaft; one or
more pision assemblies, each piston assembly being disposed within a respective ¢vlinder,
each piston assembly comprising: a piston head sized and shaped {o reciprocate within the
respective cylinder: an upper rod coupled to the piston head at one longitudinal end of the
upper rod and fixed relative to the pision head; and a lower rod rotatably coupled to an
opposite longitudinal end of the upper rod. the lower rod configured o pivot about the
opposite longitudinal end of the upper rod, the lower rod being rotatably coupled to the
crankshaft at a longitudinal end of the lower rod opposite the upper rod.

Embodiment 10: The piston assembly of Embodiment 9, wherein the piston head
comprises: a {irst gusset extending axially from an upper portion of the piston head; and a
second gusset extending axially from the upper portion of the piston head, the first and

second gussets defining an upper rod receiving aperture.
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Embodiment 11: The piston assembly of Embodiments 9 or 10, wherein the upper
rod is disposed within the upper rod receiving aperture of the piston head.

Erobodimnent 12: The piston assembly of any of Embodiments 9 through 11, wherein
the upper rod receiving aperture of the piston head is sized and shaped to fix the upper rod
relative to the piston head.

Embodiment 13: The piston assembly of any of Embodiments 9 through 12, further
comprising a gudgeon pin assembly coupling the upper rod fo the piston head.

Embodiment 14: The piston assembly of any of Embodiments 9 through 13, wherein
the gudgeon pin assembly comprises two or more circlips, a needle sleeve bearing, and a
gudgeon pin.

Embodiment 15: The piston assembly of any of Embodiments 9 through 14, further
comprising a connector pin assembly coupling the upper rod to the lower rod.

Embodiment 16: The piston assembly of any of Embodiments 9 through 153, wherein
the lower rod comprises a forked portion, the upper rod comprises a connector portion, and
the connector pin assembly extends through the forked portion of the fower rod and the
connector portion of the upper rod.

Embodiment 17: A method of forming a piston assembly, the method comprising:
coupling an upper rod to a piston head at a first longitudinal end of the upper rod; fixing a
position the upper rod relative to the piston head; rotatably coupling a lower rod to a second
longitudinal end of the upper rod; and rotatably coupling the lower to a crankshaft of an
engine.

Embodiment 18 The method of Embodiment 17, wherein fixing the position of the
upper rod refative to the piston head comprising disposing the upper rod with an upper rod
receiving aperture defined by one or more gussets of the piston head.

Embodiment 19: The method of Embodiments 17 or 18, wherein coupling an upper
rod to a piston head comprises coupling the upper rod to the piston head with a gudgeon pin
assernbly.

Embodiment 20: The method of any of Embodiments 17 through 19, wherein
rotatably coupling a lower rod 1o the upper rod comprises coupling the lower rod 1o the upper
rod with a connector pin assembly,

The embodiments of the disclosure described above and illustrated in the
accompanying drawings do not limit the scope of the disclosure, which is encompassed by

the scope of the appended claims and their legal equivalents. Any equivalent embodimenis
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are within the scope of this disclosure. Indeed, various modifications of the disclosure, in
addition to those shown and described herein, such as alternate useful combinations of the
elements described, will become apparent to those skilled in the art from the description.
Such modifications and embodiments also fall within the scope of the appended claims and

5  equivalents.
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CLAIMS
What is claimed is:
1. A piston assembly, comprising:

a piston head for reciprocating within a cylinder of an engine;

an upper rod coupled to the piston head at one longuudinal end of the upper rod and fixed
relative to the piston head; and

a lower rod rotatably coupled to an opposite longitudinal end of the upper rod, the lower rod
configured to pivot about the opposite longitudinal end of the upper rod,

wherein the lower rod is configured to couple 1o a crankshaft at a longitudinal end of the lower

rod opposite the upper rod.

2. The piston assembly of claim 1, wherein the piston head corprises:

a first gusset extending axially from an upper portion of the piston head; and

asecond gusset extending axially from the upper portion of the piston head, the first and second
gussets defining an upper rod receiving aperture.
3. The piston assembly of claim 2, wherein the upper rod is disposed within the

upper rod receiving aperiure of the piston head.

4, The piston assembly of claim 3, wherein the upper rod receiving aperture of the

piston head is sized and shaped to fix the upper rod relative to the piston head.

W

The piston assembly of claim 1, further comprising a gudgeon pin assembly

coupling the upper rod to the piston head.

6. The piston assembly of claim 3, wherein the gudgeon pin assembly comprises

two or more pin locks and a gudgeon pin.

7. The piston assembly of claim 1, further comprising a connector pin assembly

coupling the upper rod to the lower rod.



WO 2020/018573 PCT/US2019/042053

10

o]
A

30

-31 -

7

8. The piston assembly of claim 7, wherein the lower rod comprises a forked
poition, the upper rod comprises a connector portion, and the connector pin assembly exiends

through the forked portion of the lower rod and the connector portion of the upper rod.

9. An engine, comprising;
one or more cyvlinders;
a crankshaft;
one or more piston assemblies, each piston assembly being disposed within a respective
cylinder, each pision assembly comprising:
a piston head sized and shaped to reciprocate within the respective cylinder of the
engine;
an upper rod coupled to the piston head at one longttudinal end of the upper rod and
fixed relative to the piston head; and
alower rod rotatably coupled to an opposite longitudinal end of the upper rod, the lower
rod configured to pivot about the opposite longitudinal end of the upper rod, the
fower rod being rotatably coupled (o the crankshaft al a longtiudinal end of the

fower rod oppaosite the upper rod.

10. The piston assembly of claim 9, wherein the piston head comprises:
a first gusset extending axially from a upper portion of the piston head; and
a second gusset extending axially from the upper portion of the piston head, the first and second

gussets defining an upper rod receiving aperture.

11 The piston assembly of claim 10, wherein the upper rod is disposed within the

upper rod receiving aperture of the piston head.

12. The piston assembly of claim 11, wherein the upper rod receiving aperture of

the piston head 1s sized and shaped to fix the upper rod relative to the piston head.

13. The piston assembly of claim 9, further comprising a gudgeon pin assembly

coupling the upper rod to the piston head.

14. The piston assembly of claim 13, wherein the gudgeon pin assembly comprises

two or more pin locks and a gudgeon pin.
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15. The piston assemibly of claim 9, further comprising a connector pin assembly
coupling the upper rod to the lower rod.
16. The piston assembly of claim 15, wherein the lower rod comprises a forked

portion, the upper rod comprises a connector portion, and the connector pin assembly extends

through the forked portion of the lower rod and the connector portion of the upper rod.

17. A method of forming a piston asserably, the method comprising;
coupling an upper rod to a piston head at a first longiiudinal end of the upper rod;
fixing a position of the upper rod relative to the piston head;
rotatably coupling a lower rod to a second longitudinal end of the upper rod; and

rotatably coupling the lower rod {0 a crankshafl of an engine.

18. The method of claim 17, wherein fixing the position of the upper rod relative to
the piston head comprising disposing the upper rod with an upper rod receiving aperture defined

by one or more gussets of the piston head.

19. The method of claim 17, wherein coupling an upper rod to a pision head

comprises coupling the upper rod to the piston head with a gudgeon pin assembly.

20. The method of claim 17, wherein rotatably coupling a lower rod to the upper

rod comprises coupling the lower rod o the upper rod with a connector pin assembly,
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AMENDED CLAIMS
received by the International Bureau on 06 January 2020 (06.01.2020).

1. A piston assembly, comprising:

a piston head for reciprocating within a cylinder of an engine;

an upper rod coupled to the piston head at one longitudinal end of the upper rod and fixed
relative to the piston head; and

a lower rod rotatably coupled to an opposite longitudinal end of the upper rod, the lower rod
configured to pivot about the opposite longitudinal end of the upper rod,

wherein the lower rod is configured to couple to a crankshaft at a longitudinal end of the lower

rod opposite the upper rod.

2. The piston assembly of claim 1, wherein the piston head comprises:
a first gusset extending axially from an upper portion of the piston head; and
a second gusset extending axially from the upper portion of the piston head, the first and second

gussets defining an upper rod receiving aperture.

3. The piston assembly of claim 2, wherein the upper rod is disposed within the

upper rod receiving aperture of the piston head.

4, The piston assembly of claim 3, wherein the upper rod receiving aperture of the

piston head is sized and shaped to fix the upper rod relative to the piston head.

5. The piston assembly of claim 1, further comprising a gudgeon pin assembly

coupling the upper rod to the piston head.

6. The piston assembly of claim 5, wherein the gudgeon pin assembly comprises

two or more pin locks and a gudgeon pin.

7. The piston assembly of claim 1, further comprising a connector pin assembly

coupling the upper rod to the lower rod.

AMENDED SHEET (ARTICLE 19)
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8. The piston assembly of claim 7, wherein the lower rod comprises a forked
portion, the upper rod comprises a connector portion, and the connector pin assembly extends

through the forked portion of the lower rod and the connector portion of the upper rod.

9. An engine, comprising:
one or more cylinders;
a crankshaft;
one or more piston assemblies, each piston assembly being disposed within a respective
cylinder, each piston assembly comprising;
a piston head sized and shaped to reciprocate within the respective cylinder of the
engine;
an upper rod coupled to the piston head at one longitudinal end of the upper rod and
fixed relative to the piston head; and
alower rod rotatably coupled to an opposite longitudinal end of the upper rod, the lower
rod configured to pivot about the opposite longitudinal end of the upper rod, the
lower rod being rotatably coupled to the crankshaft at a longitudinal end of the

lower rod opposite the upper rod.

10. The engine of claim 9, wherein the piston head comprises:
a first gusset extending axially from a upper portion of the piston head; and
a second gusset extending axially from the upper portion of the piston head, the first and second

gussets defining an upper rod receiving aperture.

11. The engine of claim 10, wherein the upper rod is disposed within the upper rod

receiving aperture of the piston head.

12. The engine of claim 11, wherein the upper rod receiving aperture of the piston

head is sized and shaped to fix the upper rod relative to the piston head.

13. The engine of claim 9, further comprising a gudgeon pin assembly coupling the
upper rod to the piston head.

14. The engine of claim 13, wherein the gudgeon pin assembly comprises two or

more pin locks and a gudgeon pin.

AMENDED SHEET (ARTICLE 19)
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15.  The engine of claim 9, further comprising a connector pin assembly coupling
the upper rod to the lower rod.
16. The engine of claim 15, wherein the lower rod comprises a forked portion, the

upper rod comprises a connector portion, and the connector pin assembly extends through the

forked portion of the lower rod and the connector portion of the upper rod.

17. A method of forming a piston assembly, the method comprising:
coupling an upper rod to a piston head at a first longitudinal end of the upper rod;
fixing a position of the upper rod relative to the piston head,;
rotatably coupling a lower rod to a second longitudinal end of the upper rod; and
rotatably coupling the lower rod to a crankshaft of an engine.

18. The method of claim 17, wherein fixing the position of the upper rod relative to
the piston head comprising disposing the upper rod with an upper rod receiving aperture defined

by one or more gussets of the piston head.

19. The method of claim 17, wherein coupling an upper rod to a piston head

comprises coupling the upper rod to the piston head with a gudgeon pin assembly.

20. The method of claim 17, wherein rotatably coupling a lower rod to the upper

rod comprises coupling the lower rod to the upper rod with a connector pin assembly.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19 (1)

Claims 10-16 are amended under Article 19 of the PCT. The amendments have no impact
on the description or the drawings.
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