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SPLIT FOUR STROKE ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation application of
U.S. application Ser. No. 11/070,533 (now U.S. Pat. No.
7,017,536), filed Mar. 2, 2005, entitled “SPLIT FOUR
STROKE ENGINE”, which is a continuation application of
U.S. application Ser. No. 10/615,550 (now U.S. Pat. No.
6,880,502), filed Jul. 8, 2003, entitled “SPLIT FOUR
STROKE ENGINE”, which is a continuation application of
U.S. application Ser. No. 10/139,981 (now U.S. Pat. No.
6,609,371), filed May 7, 2002, entitled “SPLIT FOUR
STROKE ENGINE”, which is a continuation application of
U.S. application Ser. No. 09/909,594 (now U.S. Pat. No.
6,543,225), filed Jul. 20, 2001, entitled “SPLIT FOUR
STROKE CYCLE INTERNAL COMBUSTION ENGINE”,
all of which are herein incorporated by reference in their
entirety.

FIELD OF THE INVENTION

The present invention relates to internal combustion
engines. More specifically, the present invention relates to a
four-stroke cycle internal combustion engine having a pair of
offset pistons in which one piston of the pair is used for the
intake and compression strokes and another piston of the pair
is used for the power and exhaust strokes, with each four
stroke cycle being completed in one revolution of the crank-
shaft.

BACKGROUND OF THE INVENTION

Internal combustion engines are any of a group of devices
in which the reactants of combustion, e.g., oxidizer and fuel,
and the products of combustion serve as the working fluids of
the engine. The basic components of an internal combustion
engine are well known in the art and include the engine block,
cylinder head, cylinders, pistons, valves, crankshaft and cam-
shaft. The cylinder heads, cylinders and tops of the pistons
typically form combustion chambers into which fuel and
oxidizer (e.g., air) is introduced and combustion takes place.
Such an engine gains its energy from the heat released during
the combustion of the non-reacted working fluids, e.g., the
oxidizer-fuel mixture. This process occurs within the engine
and is part of the thermodynamic cycle of the device. In all
internal combustion engines, useful work is generated from
the hot, gaseous products of combustion acting directly on
moving surfaces of the engine, such as the top or crown of a
piston. Generally, reciprocating motion of the pistons is trans-
ferred to rotary motion of a crankshaft via connecting rods.

Internal combustion (IC) engines can be categorized into
spark ignition (SI) and compression ignition (CI) categories.
SI engines, i.e. typical gasoline engines, use a spark to ignite
the air-fuel mixture, while the heat of compression ignites the
air fuel mixture in CI engines, i.e., typically diesel engines.

The most common internal-combustion engine is the four-
stroke cycle engine, a conception whose basic design has not
changed for more than 100 years old. This is because of its
outstanding performance as a prime mover in the ground
transportation industry. In a four-stroke cycle engine, power
is recovered from the combustion process in four separate
piston movements (strokes) of a single piston. For purposes
herein, a stroke is defined as a complete movement of a piston
from a top dead center position to a bottom dead center
position or vice versa. Accordingly, a four-stroke cycle
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engine is defined herein to be an engine which requires four
complete strokes of one or more pistons for every power
stroke, i.e. for every stroke that delivers power to a crankshaft.

Referring to FIGS. 1-4, an exemplary embodiment of a
prior art four stroke cycle internal combustion engine is
shown at 10. For purposes of comparison, the following four
FIGS. 1-4 describe what will be termed a prior art “standard
engine” 10. As will be explained in greater detail hereinafter,
this standard engine 10 is an SI engine with a 4 inch diameter
piston, a 4 inch stroke and an 8 to 1 compression ratio. The
compression ratio is defined herein as the maximum volume
of'a predetermined mass of an air-fuel mixture before a com-
pression stroke, divided by the volume of the mass of the
air-fuel mixture at the point of ignition. For the standard
engine, the compression ratio is substantially the ratio of the
volume in cylinder 14 when piston 16 is at bottom dead center
to the volume in the cylinder 14 when the piston 16 is at top
dead center.

The engine 10 includes an engine block 12 having the
cylinder 14 extending therethrough. The cylinder 14 is sized
to receive the reciprocating piston 16 therein. Attached to the
top of the cylinder 14 is the cylinder head 18, which includes
an inlet valve 20 and an outlet valve 22. The cylinder head 18
cylinder 14 and top (or crown 24) of the piston 16 form a
combustion chamber 26. On the inlet stroke (FIG. 1), a fuel air
mixture is introduced into the combustion chamber 26
through an intake passage 28 and the inlet valve 20, wherein
the mixture is ignited via spark plug 30. The products of
combustion are later exhausted through outlet valve 22 and
outlet passage 32 on the exhaust stroke (FIG. 4). A connecting
rod 34 is pivotally attached at its top distal end 36 to the piston
16. A crankshaft 38 includes a mechanical offset portion
called the crankshaft throw 40, which is pivotally attached to
the bottom distal end 42 of connecting rod 34. The mechani-
cal linkage of the connecting rod 34 to the piston 16 and
crankshaft throw 40 serves to convert the reciprocating
motion (as indicated by arrow 44) of the piston 16 to the rotary
motion (as indicated by arrow 46) of the crankshaft 38. The
crankshaft 38 is mechanically linked (not shown) to an inlet
camshaft 48 and an outlet camshaft 50, which precisely con-
trol the opening and closing of the inlet valve 20 and outlet
valve 22 respectively.

The cylinder 14 has a centerline (piston-cylinder axis) 52,
which is also the centerline of reciprocation of the piston 16.
The crankshaft 38 has a center of rotation (crankshaft axis)
54. For purposes of this specification, the direction of rotation
46 of the crankshaft 38 will be in the clockwise direction as
viewed by the reader into the plane of the paper. The center-
line 52 of the cylinder 14 passes directly through the center of
rotation 54 of the crankshaft 38.

Referring to FIG. 1, with the inlet valve 20 open, the piston
16 first descends (as indicated by the direction of arrow 44) on
the intake stroke. A predetermined mass of an explosive mix-
ture of fuel (gasoline vapor) and air is drawn into the com-
bustion chamber 26 by the partial vacuum thus created. The
piston continues to descend until it reaches its bottom dead
center (BDC), the point at which the piston is farthest from the
cylinder head 18.

Referring to FIG. 2, with both the inlet 20 and outlet 22
valves closed, the mixture is compressed as the piston 16
ascends (as indicated by the direction of arrow 44) on the
compression stroke. As the end of the stroke approaches top
dead center (TDC), i.e., the point at which the piston 16 is
closest to the cylinder head 18, the volume of the mixture is
compressed to one eighth of its initial volume (due to an 8 to
1 compression ratio). The mixture is then ignited by an elec-
tric spark from spark plug 30.
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Referring to FIG. 3, the power stroke follows with both
valves 20 and 22 still closed. The piston 16 is driven down-
ward (as indicated by arrow 44) toward bottom dead center
(BDC), due to the expansion of the burned gas pressing on the
crown 24 of the piston 16. Since the spark plug 30 is fired
when the piston 16 is at or near TDC, i.e. at its firing position,
the combustion pressure (indicated by arrow 56) exerted by
the ignited gas on the piston 16 is at its maximum at this point.
This pressure 56 is transmitted through the connecting rod 34
and results in a tangential force or torque (as indicated by
arrow 58) on the crankshaft 38.

When the piston 16 is at ifs firing position, there is a
significant clearance distance 60 between the top of the cyl-
inder 14 and the crown 24 of the piston 16. Typically, the
clearance distance is between 0.5 to 0.6 inches. For the stan-
dard engine 10 illustrated the clearance distance is substan-
tially 0.571 inches. When the piston 16 is at its firing position
conditions are optimal for ignition, i.e., optimal firing condi-
tions. For purposes of comparison, the firing conditions of
this engine 10 exemplary embodiment are: 1) a 4 inch diam-
eter piston, 2) a clearance volume of 7.181 cubic inches, 3) a
pressure before ignition of approximately 270 pounds per
square inch absolute (psia), 4) a maximum combustion pres-
sure after ignition of approximately 1200 psia and 5) operat-
ing at 1400 RPM.

This clearance distance 60 corresponds typically to the 8 to
1 compression ratio. Typically, SI engines operate optimally
with a fixed compression ratio within a range of about 6.0 to
8.5, while the compression ratios of CI engines typically
range from about 10 to 16: The piston’s 16 firing position is
generally at or near TDC, and represents the optimum volume
and pressure for the fuel-air mixture to ignite. If the clearance
distance 60 were made smaller, the pressure would increase
rapidly.

Referring to FIG. 4, during the exhaust stroke the ascend-
ing piston 16 forces the spent products of combustion through
the open outlet (or exhaust) valve 22. The cycle then repeats
itself. For this prior art four stoke cycle engine 10, four stokes
of'each piston 16, i.e. inlet, compression, power and exhaust,
and two revolutions of the crankshaft 38 are required to com-
plete a cycle, i.e. to provide one power stroke.

Problematically, the overall thermodynamic efficiency of
the standard four stroke engine 10 is only about one third (*4).
That is V5 of the work is delivered to the crankshaft, 14 is lost
in waste heat, and V4 is lost out of the exhaust.

As illustrated in FIGS. 3 and 5, one of the primary reasons
for this low 20 efficiency is the fact that peak torque and peak
combustion pressure are inherently locked out of phase. FIG.
3 shows the position of the piston 16 at the beginning of a
power stroke, when the piston 16 is in its firing position at or
near TDC. When the spark plug 30 fires, the ignited fuel
exerts maximum combustion pressure 56 on the piston 16,
which is transmitted through the connecting rod 34 to the
crankshaft throw 40 of crankshaft 38. However, in this posi-
tion, the connecting rod 34 and the crankshaft throw 40 are
both nearly aligned with the centerline 52 of the cylinder 14.
Therefore, the torque 58 is almost perpendicular to the direc-
tion of force 56, and is at its minimum value. The crankshaft
38 must rely on momentum generated from an attached fly-
wheel (not shown) to rotate it past this position.

Referring to FIG. 5, as the ignited gas expands in the
combustion chamber 26, the piston 16 descends and the com-
bustion pressure 56 decreases. However, as the crankshaft
throw 40 rotates past the centerline 52 and TDC, the resulting
tangential force or torque 58 begins to grow. The torque 58
reaches a maximum value when the crankshaft throw 40
rotates approximately 30 degrees past the centerline 52. Rota-
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tion beyond that point causes the pressure 56 to fall off so
much that the torque 58 begins to decrease again, until both
pressure 56 and torque 58 reach a minimum at BDC. There-
fore, the point of maximum torque 58 and the point of maxi-
mum combustion pressure 56 are inherently locked out of
phase by approximately 30 degrees.

Referring to FIG. 6, this concept can be further illustrated.
Here, a graph of tangential force or torque versus degrees of
rotation from TDC to BDC is shown at 62 for the standard
prior art engine 10. Additionally, a graph of combustion pres-
sure versus degrees of rotation from TDC to BDC is shown at
64 for engine 10. The calculations for the graphs 62 and 64
were based on the standard prior art engine 10 having a four
inch stroke, a four inch diameter piston, and a maximum
combustion pressure at ignition of about 1200 PSIA. As can
be seen from the graphs, the point of maximum combustion
pressure 66 occurs at approximately 0 degrees from TDC and
the point of maximum torque 68 occurs approximately 30
degrees later when the pressure 64 has been reduced consid-
erably. Both graphs 62 and 64 approach their minimum val-
ues at BDC, or substantially 180 degrees of rotation past
TDC.

An alternative way of increasing the thermal dynamic effi-
ciency of a four stoke cycle engine is to increase the compres-
sion ratio of the engine. However, automotive manufactures
have found that SI engines typically operate optimally with a
compression ratio within a range of about 6.0 to 8.5, while CI
engines typically operate best within a compression ratio
range of about 10 to 16. This is because as the compression
ratios of SI or CI engines increase substantially beyond the
above ranges, several other problems occur which outweigh
the advantages gained. For example, the engine must be made
heavier and bulkier in order to handle the greater pressures
involved. Also problems of premature ignition begin to occur,
especially in SI engines.

Many rather exotic early engine designs were patented.
However, none were able to offer greater efficiencies or other
significant advantages, which would replace the standard
engine 10 exemplified above. Some of these early patents
included: U.S. Pat. Nos. 848,029; 939,376, 1,111,841, 1,248,
250, 1,301,141, 1,392,359; 1,856,048; 1,969,815, 2,091,410;
2,091,411; 2,091,412; 2,091,413; 2,269,948; 3,895,614,
British Patent No. 299,602; British Patent No. 721,025 and
Italian Patent No. 505,576.

In particular the U.S. Pat. No. 1,111,841 to Koenig dis-
closed a prior art split piston/cylinder design in which an
intake and compression stroke was accomplished in a com-
pression piston 12/cylinder 11 combination, and a power and
an exhaust stroke was accomplished in an engine piston 7/cyl-
inder 8 combination. Each piston 7 and 12 reciprocates along
apiston cylinder axis which intersected the single crankshaft
5 (see FIG. 3 therein). A thermal chamber 24 connects the
heads of the compression and engine cylinders, with one end
being open to the engine cylinder and the other end having a
valued discharge port 19 communicating with the compressor
cylinder. A water cooled heat exchanger 15 is disposed at the
top of the compressor cylinder 11 to cool the air or air/fuel
mixture as it is compressed. A set of spaced thermal plates 25
are disposed within the thermal chamber 24 to re-heat the
previously cooled compressed gas as it passes through.

It was thought that the engine would gain efficiency by
making it easier to compress the gas by cooling it. Thereafter,
the gas was re-heated in the thermal chamber in order to
increase its pressure to a point where efficient ignition could
take place. Upon the exhaust stroke, hot exhaust gases were
passed back through the thermal chamber and out of an
exhaust port 26 in an effort to re-heat the thermal chamber.






