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VARIABLE STROKE AND COMPRESSION RATIO ENGINE
REFERENCE TO RELATED APPLICATIONS
Para 1] This application relies on the priority of provisional application serial
no. 61183015 filed on 06/01/2009 entitled Variable Stroke Constant Compression
Ratio Engine having a cormmmon invenior with the present application.
BACKGROUND OF THE INVENTION
Field of the Invention
{Para 2] This invention relaies generally to the field of internal combustion
engines and more particularly to a multicylinder internal combustion engine having a
wobbler connected to the pistons and positionable on a dual angled crank for variation
of the stroke while maintaining constant compression ratio.

Description of the Related Avt
{Para 3} The mnternal combustion engine in its two current forms (spatk ignited

gasoline and compression ignition diesel} is poorly suited to etficiently power
personal transportation. Automobiles and customer’s expectations have evolved such
that the engine’s maximum power is far beyvond what is normally used and the engine
operates at 5-25% load most of its Hife.

{Para 4] The dicsel engine is more efficient at part load than the gasoline engine;
however the 2000+ bar fuel injection system, variable geometry turbocharger(s)
system, and emissions after-treatmoent have made the modern passenger vehicle diesel
engine quite expensive. High levels of EGR to reduce NOX, SCR catalysts, and diesel
particulate filters all negatively impact the engine efficiency. In addition, the price of
diesel fuel relative to gasoline often negates any cost savings from the mherent higher
efficiency of the engine for the end user.

{Para 5] The gasoline engine is still relatively mexpensive, and due to the 3 way
catalyst, it is a very clean engine and full foad etficiency can reach 35%.
Unfortunately, the part load performance is extremely poor, with thermal efficiency
dipping into single digits during rauch of its operation and seldom reaching 20% or
higher. An idling gasoline engine with the vehicle running its air conditioning, power
steering, and entertatnment system has significant energy losses from throttling,
engine friction accessory parasitic losses and cooling losses and uses fuel at a very

high rate.
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{Para 6] F1G. 1 shows the basic Pressure/Volume {(PV} diagram for a gasoline
engine. Power is controlled by throttling the air system. The engine runs at a nearly
constant air/fuel ratio, therefore the engine’s air system muiat be restricted to reduce
the fuel flow and thus the power. At low load operation, the intake manifold of the
engine is reduced to a very low pressure, while the exhaust manifold remains above
atmospheric {plus muffier, catalyst, and pipe restrictions). This results in a severe
pumping loss. The difference in pressure from the engine’s intake to exhaust due to
throttling is a direct loss in Brake Mean Effective Pressure (BMEP) and is commonly
referred to as “negative pumping loop work” as shown in FIG. 2.

{Para 7] Perhaps an even larger impact than the direct pumping work, the engine
system’s Compression Ratio {CR) and Expansion Ratio (ER) are reduced.
Thermodynamic cycles (such as the Otto cyele) are often used to characterize various
engine types, however these cycles are different than the actual engine mechanieal
cycle that is seen on a PV diagram. The fact that a PV diagram of the actual engine
cvele looks similar to the thermodynamic cycle adds to the confusion. In the
thermodynamic cycle, the compression ratio and expansion ratio are characterized on
the X-axis, i.e. Volume Ratio, This does not account for the induction and exhaust
processes, 1 it did, then those processes would bave to happen mstantancously at top
dead center and bottom dead center with no pressure drop and the connecting
reservoir would have to be at the same pressure and temperature, i.e. no throttling on
the inlet or back pressure on the exhaust.

[Para 8] The theoretical volume ratio of an engine is not mdicative of real
efficiency when intake valves and exhaust valves open at various times during the
compression and expansion processes, and an engine can throttied down to 0.1 bar in
the mntake maunifold while the exhaust manitold is greater than 1 bar, The imitations
of using thermodynamic cycles fo draw conclusions about real engines are
particularty severe when considering part oad operation of a throttled gasoline
engine,

{Para 9] In the real engine, power is produced by the expansion of the hot gas;
the compression of the cold air is a necessary parasitic loss. These powers, one
positive and one negative, are a function of the compression ratio and expansion ratio
as calculated on the Y-axis (Pressure Ratio).

{Para 10}  Inaclosed thermodynamic cycle, there is a fixed relationship between P
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and V, i.e. PV=mRT. In an open cycle engine with valves, this relationship does not
exist, therefore the thermodynamic eycles are not really simplified representations of
real operating cyeles.

[Para 11] The efficiency of the simplified thermodynamic cycle that represents
this engine, the Otto cycle, is a function of compression ratio

n =4 - 1/CR(W1) Whei’e

1 engine efficiency
CR  compression ratio
v ratio of specific heats of air

{Para 12] Looking at a highly throtiled operating point as shown in FIG. 2, the
volume comptession in the cylinder is the same ratio, but since the intake manifold
pressure is very low, the absolute pressure of the gas that is corapressed s much
lower. The power of the engine is obtained by the cxpansion stroke. If the outlet
pressure of the expansion stroke remains fixed at shightly above atmospheric, then the
lower pressure from compression will result in a lower expansion ratio. This reduces
the power and efficiency of the engine. As an example, if a 10/1 compression ratio
engine is throttled from 1 Bar to (1.5 Bar in the imtake manifold, the true CR to put into
the efficiency calculation is a CR of 5/1. While there may be some academic debate
that the corapression ratio is determoined by the displacement of the engine and the
minimum combustion volume rather than the pressures at the beginning and end of
compression, there is no debate that the expansion ratio of the engine will be less
when it is throttled, which is clearly shown in FIG. 2. Therefore, the engine power is
reduced not just from the reduction of air mass flow {(and thus fuel flow), but from
having a lower expansion ratio. The reduction of mass flow through the engine
reduces the power—the reduction of the expansion ratio lowers the power and the
thermal efficiency.

{Para 13]  The engine friction comes from a great number of components; rings,
pistons, rod bearings, crankshaft bearings, and the valve train (cam bearings, tappets,
valves, and gears or chain}. The oil pump parasitic loss can be book kept here as well.
As known in the art, the rings and pistons account for about 2 of the friction loss as
shown in FIG. 3 (IMechE Review on Tribology. “Tribology--Motoring into the 217
Century” by Chris Taylor, 2003). The friction of the engine is mainly a function of the
engine speed and not of foad. The Shinn-Flynn friction model for IC engines shows

this as does FIG. 4 (Internal Combustion Engine Handbook, Fdited by Basshuysen &
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Shater, 2004 SAFE International};

T e T R
FNEF =g v ddigant

-
2

where,

FMEP Friction Mean Effective Pressure

a constant part of friction ({.3-0.5 bar)

b coefticient for contribution due to cyhnder maximum pressure

(£.004-0.006)

Pei  peak cyhinder pressure (bar)

c coctficient for confribution due to piston ((0006--.0012)

v mean piston speed (m/sec).
{Para 14]  Thus an engine at 2000 rpm accelerating at full load has essentially the
sare triction loss as an engine at 2000 rpm at 10% load (cruising at moderate speed),
If the output of the engine is 40 kW and the friction loss is 2 kW, then it's a 5% effect.
If the output of the engine is at 4 kW, and the friction loss is still 2 kW, then it's a
50% effect. This fact shows why cylinder deactivation schemes bring only marginal
benefit. The pistons, rings, crank, and valve frain are still contributing very nearly the
same parasitic loss as they would be if all the cylinders were activated.
{Para 151 [Itis therefore desirable to provide a gasoline internal combustion engine
which reduces losses from throttling and engine friction.
SUMMARY OF THE INVENTION
{Para 16] The embodiments of the present application describe a variable stroke
and compression ratio engine which employs multiple pistons connected to a wobbler,
A crank with an axis of rotation has an upper journal with a first angle relative to the
axis and a lower journal with g second angle with respect to the axis. A cradle
connected for rotational motion with respect to the wobbler is carried by the crank
with shiding engagement to the upper and lower journals for translation between a first
high eccentricity position and second low eccentricity position.
{Para 17] Carrying the wobbler on the crank for actuation by the pistons allows
translating the wobbler relative to the first angled journal on the crank to adjust
bottom dead center position of the pistons, aliering the stroke, and simultaneously
translating the wobbler relative to the second angled journal on the crank for adjusting
top dead center position of the pistons, thereby adjusting the compression ratio.
BRIEF DESCRIPTION OF THE DRAWINGS
{Para 18] These and other features and advantages of the present invention will be

better understood by reference fo the following detailed description when considered
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in connection with the accompanying drawings wherein:

{Para 18] FIG. 1 is basic Pressure/Volume diagram for a prior art gasoline enging;
{Para 201  FIG. 2 is a graph of difference in pressure from the prior art engine’s
mntake to exhaust due to throttling;

{Para 211 FIG. 3 is a bar chart of power distribution in a car in city driving;

{Para 221 FIG 4 is a graph of engine friction based on engine speed and load;
Para 23] FIG. 5A is a top section view of an exemplary embodiment;

Para 241

SA;

[
{ FIG 5B 1s a side section view of the exemplary embodiment of FIG,
{Para 25] FIG. 5C is an isometric view of the crank showing details of the
journals and bushings;

{Para 26] FIG. 3D is a schematic diagram of the hydraulic control circuit of the
exemplary embodiment;

{Para 27] FIG. 5E is an isometric view of the exemplary embodiment with the
bedplate, cylinder block and cylinder liners removed for clarity;

[Para 28] FIG. SF is an isometric section view of the embodiment as shown in
FiG, SE;

[Para 29] FIGs 6A 6B and 6C are side section views of the exemplary
embodiment of FIG. 5B at minimum stroke, intermediate stroke and maximum stroke;
{Para 30] FIG. 6D is a Pressure/Volume diagram for the exemplary embodiment;
fPara 31] FIG. 7A is a top section view of an alternative ernbodiment with three
cylinders;

{Para 321 FIG. 7B is a side view of the alternative embodiment of FIG. 7A with
the case sectioned to show cylinder placement;

[Para 331 FIGs. RA, 8B, RC, 813 and SE are graphs of compression ratio and
stroke variation for selected lower and upper journal angles;

{Para 34] FIG. 9 is a partial side section detail view of an anti-rotation device;
{Para 35] FIG 10A is a partial side section detail view of the wobbler with the
cradle and control assembly;

[Para 361 FIG 10B is an isometric view of the clements shown in FIG. 10A;
{Para 371 FIG. 11 is a bar chart of frictional losses;

{Para 381 FIG. 12 is a graph of piston speed for two displacement positions in the
grap p P P p
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exemplary embodiment; and,

{Para 39] FIG. 13 is a graph of reciprocating friction for the exemplary
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

{Para 40] Reforring to the drawings, FIGs. 5A and 5B show a first embodiment
for a 4 cylinder engine with the cylinders 6 carrying pistons 8 arranged in a separated
pattern. Though it appears as a square for the deylinder configuration, the pattern is
circular with the cylinders at 90 degree intervals. Another arrangement is a 6 cylinder
engine with the cylinders arranged in a circular pattern at 60 degree intervals. These
arrangements are sornetimes referred to as “barrel engine” layouts. Additional
configurations with an odd number of cylinders for enhanced even firing timing may
be emploved as will be described with respect to FiGs. 7A and 7B subsequently. As
best seen in FIG. 5B, a crank 10 rotates in two bearings 12a, 12h, in cylinder block 14
and engine bedplate 16 respectively and has a lower journal 18 having a rectangular
cross section and extending at an angle §§ (beta) 20 to the centerline of rotation 22,
and upper journal 24, also having a rectangular cross section and extending at an
angle o (alpha} 26 to the centerline of rotation. The rotation centerline for the crank
is substantially paraliel to the cylinders and direction of motion for the pistons. Hach
journal has a pair of sphit cylindrical slider bushings 28 mounted for shding motion
along the journal. The two sets of split bushings are captured in a carrier or cradle 32.
The cradie 32, and split cylindrical slider bushings 28 all rotate as a control assembly
with the erankshaft 10, the rectangular journals and mating slots in the shider bushings
acting to lock the assernbly as unit in the rotational plane. Details of the rectangular
journals and the split bushings are best seen in FIG. 5C. The control assembly slides
on the journals and is responsive to control by a hydraulic circuit 33 shown
scheratically in FIG. 5D with a pump and control unit 34 providing working fluid
through conduits 35a and 35b. Cavitics 36 and 38 are created in chamber 39 in the
cradle by reacting plate 40 which is integral with or attached to the crankshaft 10
thereby providing a double acting hydraunlic cireuit. To lengthen the stroke, oil 1s
admitied under pressure from the pump and control unit through conduit 35a into
cavity 38and rclicved from cavity 36 through conduit 35b which pushes the control
assembly carried by cradle 32 to higher eccentricity. To shorten the stroke, ot is

admitted under pressure into cavity 36 and relieved from cavity 38 to push the control
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assembly to lower eccentricity. Variation of the stroke and adjustment of the
compression ratio are simultaneously accomplished by motion of the cradle on the
crankshaft with the split bushings on the upper and lower journals translating at
different angles, o and B, The dual angle journals on the crank etfectively allow a
change in output power by controlling the Volume axis rather than conventional
throttling which changes the Pressure axis of the engine’s PV diagram.

{Para 41] A wobbler 42 is connected to the cradie 32 using bearings 44a, 44b and
is connected to the engine bedplate 16 through an anti-rotation mechanism to be
described in greater detail subsequently. The bedplate or case for the engine disclosed
in the embodiments herein is solely for exemplary purposes. The actual shape and
configuration of the bedplate may be altered as required to accommodate engine
mounting, cooling system passages, auxiliaries such as oil pump and water pump and
other inferface applications. The rotation of the cradle and associated control elements
and the constraining anti-rotation feature cause the wobbler to create a sinusoidal
motion at each of s connections to connecting rods 46. The connecting rods are
connected to the wobbler through ball and socket big end vod bearings 48 to
acconumodate the required degrees of freedom for motion of the wobbler. In
alternative exemplary embodiments hydrostatic, hydrodynamic bearings or rolling
clemnent anti-friction bearings may be employed.

{Para 42] Connecting rods 46 are driven by pistons R and connected by the little
cnd bearings 52 which are also ball and socket bearings. For the embodiment shown,
the static structure of the engine consists of the bedplate 16, the cylinder biock 14, and
the cyvlinder liners 34. One skilled in the art may note that the engine could be
configured with integral cylinder bores or with wet or dry liners.

[Para 43] Details of the operating elements of the engine are shown in FIGs. 58
and SF with the bedplate, cylinder block and cylinder liners removed for clarity. The
embodiment disclosed requires appropriate iierfacing of the operating elements to
provide the required degrees of freedom to allow operability of the system. FIG. SF
shows the operating elements in isometric section relative to an orthogonal reference
frame 57. The rod big end bearing 48 of an exemplary cylinder assembly must
provide for rotation in the XY plane to accommodate the linear motion of the piston

and the wobbler radius path created from going from TDC to BDC,

{Para 44] Bearings 48 also must also accommodate rotation in the YZ plane
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which is created by the wobbler going from TDC to BDC in adjacent cylinder
assemblies. Additionally, bearings 48 must accommodate rotation of the wobbler in
the X7 plane because the center of the wobbler in a plane containing the center points
of the four rod big ends bearings is not on the center of rotation of the crankshaft, so
the center of the wobbler in the aforementionad plane creates a circle through one 360
degree rotation. The diameter of this circle is variable, increasing with increased
stroke.

{Para 451 Rotation in the XY, YZ, and X7 planes requires 6 degrees of freedom
in this joint. Therefore any two combinations of 2 dimensional joints (translating or
rotating) cannot provide sutficient freedom of movement, A ball and socket joint will
provide this freedom to accommodate the required motion,

{Para 48] Similarly, the rod little end bearing 52 must accommodate more than
the two degrees of freedom associated with a conventional wristpin joint. As piston 8
approaches mid-stroke, there is an angle in the XY plane that must be accommodated.
In addition, the crank is offset in the Z direction creating the stroke for adjacent
pistons. Therefore the little end joint must accommodate an angle in the YZ plane
concurrently to the angle u the XY plane. Thus, more than 2 degrees of freedom are
required.

{Para 47] For the embodiment shown, the crankshaft 10 extends through the
engine cylinder block 14 and bedplate 16 carried in bearings 12a and 12b respectively
and has a gear 56 mounted to drive the valve train (not shown) for combustion air and
exhaust conununication with the cylinders in a substantially conventional piston head
{(generally designated 55). Conventional 1C engine practice can be used to design the
cyvlinder heads and valve train in a multitude of configurations. In alternative
embodiments, the helical gear valve train driven by gear 56 is replaced by a pushrod
valve-train driven by an axial cara or electronic valve actuation.

[Para 48] Asshown in FiGs. 6A — 6C, engine operation may be modified from a
minimum stroke configuration, FIG. 64, to an increased stroke as shown in FIG. 6B
by admitting oil under pressure into cavity 36 and relieving pressure from cavity 38 to
push the cradle and control elements to fower eccentricity. FIG. 6C shows the control
assembly positioned for maximum stroke. The rods 46 remain substantially vertical
throughout the operating range as opposed to conventional IC engines where the big

end of the rod rotates about the crank throw and imparts substantial side loads on the
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pistons.

{Para 49]  The mechanism at full stroke, thus full power at a given engine speed,
is shown in FIG. 6C, while FIG. 6B depicts the mechanism at partial stroke
{approximately ¥ full stroke). The piston on the left is at top dead center (TDC) for
that stroke. In FIG. 6A the piston has moved further into the head reducing the final
combustion vohume when compared to full stroke in FIG. 6C thereby adjusting the
CR. A variable lift mechanism may be required for the embodiments shown to
prevent the valves from hitting the pistons on reduced stroke settings. Optimum
performance may also be enhanced with such valve lift by reduction at lower strokes.
{Para 501 When the engine is at partiaf load as shown in FIG. 6B, the
displacement is reduced to match the power requirement, climinating the throttling
losses yet maintaining the full compression ratio and expansion ratio of the engine.
The piston speed is reduced by a factor of 4 thus reducing the speed related friction
loss of the pistons and rings by a factor of 16 and there s very hittle friction-
generating side load on the pistons.

{Para 51] As shown in the PV diagram of FIG. 6D, the present embodiment
maintains substantially full compression and expansion ratios and minimizes negative
pumping work shown by the part load map contour 602 relative to the full toad map
contour 604, The resulting cycle maintains high engine efficiency.

{Para 52] FIGs. 7A and 7B show an alternative embodiment having three
cylinders 58 and associated pistons 60 spaced at 120° offset around the cireular
pattern. Other features of the embodiment remain substantially sinular to those
described for the initial embodiment. The track for the anti-rotation device, to be
described in greater detail subsequently, is carried in blister 62 extending from the
engine base plate 64. A five or 7 cylinder alternative may also be employed for certain
applications.

[Para 53] Returning to the first embodiment, lower journal 18 and upper journal
24 on the crankshatt function separately based on the associated angle o and § with
the upper journal adjusting the position of the piston at Top Dead Center (TDC) and
the lower journal adjusting the position of the piston at Bottom Dead Center (BDC).
The maximun: displacement is 3 function of the lower journal angle § (angle to the
centerline of the crankshatt), The relationship of compression ratio (CR) to the

displacement is a function of the upper journal angle o. While this angle can be

G
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chosen to maintain a substantially fixed CR, it also can be chosen to optimize the CR
as a function of engine load. FIGs. 8A — BE demonstrates exemplary combinations of
oand B. Tn FIG, 8A with o = 12 and B = 32°, the CR, trace 800, increases slightly
as the load is reduced with displacement created by the variable stroke shown in trace
&02. Since the efficiency of the engine is a function of the CR, and the CR is limited
by knock n a gasoline spark ignition engine, it may be possible to improve the part
load efficiency further by mcreasing the compression ratio as the load decreases
{combustion is further from the spark-knock limit at lower load). Tatloring of the
compression ratio of the engine to the combustion system for an optimized solution is
therefore possible with selection of o and §. FIG. 8B shows an alternative CR
tatloring with = 34° wherein the CR, trace 804, increases with increasing
displacement. Similarly, FIG. 8C shows another CR tailoring with ¢ = 14° = 30°
wherein the CR, trace 806, decreases with increasing displacement. If o s increased
to 14° with = 32° as shown in FIG. 8§D, the CR trace 808, shows an initial increase
with increasing displacement with a leveling of CR for higher displacements,
Similarly, if o is decreased to 10° with § = 32° as shown in FIG. 8E, the CR trace 812,
shows a similar profile to that of FIG. 8B. For the erabodiments disclosed herein, o
has a range of 10° to 16° while §§ employs a range from 28 ° 10 40°. 1n certain
alternative embodiments, o may have a range defined as §°<o< 16° In advanced
embodiments, the upper and lower journals may be curved to provide a vanation in
effective a and § over the range of travel of the cradle on the journals,

{Para 54] To preclude instability or efficiency loss through undesired rotation of
the wobbler in conjunction with the crank shafl, an anti-rotation device is emploved as
shown in FIG. 9. One wobbler arm 80 incorporates a tip extension having a ball 82
received in a socket 84 in a travslating shoe 86, The shoe is constrained for reciprocal
motion in a track 88 contained in or extending from the bedplate of the engine. As
with the rods, the use of a ball and socket bearing for the anti-rotation device aliows
the multiple degrees of freedom required by the wobbler motion.

{Para 55]  As for all engine configurations employing a driven cam arrangement,
friction forces in the wobbler-cradle interface and the main bearings have a significant
etfect on operation. Hydrodynamic bearings and rolling element bearings are
employed in exemplary embodiments as disclosed herein. As shown in FIGs. 10A and

108, cradie 32 is supported in the wobbler 42 by roller bearings 44a and 44b. Basic

-10-
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calculations as summarized in Table 1 and shown in bar graph form in FIG. 11

demonstrate the relationships between rod force, the resulting bearing force, motive

force, and the associated friction force of the bearings as a percentage of total friction,
Table 1

Full Strolce ' Half Strolee : Quarter Stroke

14,1

{Para 56]  As the stroke of the engine is reduced, the friction forces associated
with the wobbler-cradie become large. However, this is only a portion of the friction
and is offset with the extreme reduction of reciprocating speed and associated friction
aliowed by the disclosed embodiments as previously described. The highest engine
friction is due to the piston and rings. Friction is a function of (speed)’. At 25%
stroke, the piston speed is reduced by a factor of 4 as shown in FIG. 12, At 100%
stroke, the piston speed, trace 1202, is significantly higher that at a reduced stroke
such as 25% as shown by trace 1204, The resulting piston/ring friction is reduced by
a factor of 16, FIG. 13 depicts an actual exemplary system incloding frication
assoctated with load and providing an overall 85% reduction iu friction as shown by
trace 1302, Rolling element bearings at the wobbler-cradle as shown in the exemplary
embodiments of FIGs. 5A and 5B will maintain a large advantage. Using
hydrodynamic bearings will reduce the friction advantage, but it will stili be
significant for potential use in alternative embodiments.

{Para 571 Having now described the invention in detail as required by the patent
statutes, those skilled in the art will recognize modifications and substitutions to the
specific embodiments disclosed herein. Such moditications are within the scope and

intent of the present invention as defined in the following claims.

-1i-
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WHAT IS CLAIMED IS:
i A variable stroke and compression ratio engine comprising:

a plurality of pistons (8) connected to a wobbler (42);

a crank {20} having an axis of rotation (22) and

an upper journal (24} with a first angle relative to the axis and
a lower journal (18) with a second angle with respect to the
axis;

a cradle {32) carried by the crank with sliding engagement to the upper
and lower journals for translation thercon between a first high eccentricity position
and second low eccentricity position;

means for anti-rotational connection of the crank to the cradle; and

means for rotational connection of the wobbler to the cradle.

2. The variable stroke and compression ratio engine as defined o claim |
wherein the axis of rotation of the crank is substantially parallel to moversent of the
pistons.

3. The variable stroke and compression ratio engine as defined in claim 1
wherein translation of the cradle on the lower journal induces a reduction in stroke by
the wobbler on the pistons from the first position to the second position.

4. The variable stroke and compression ratio engine as defined in claim 3
wherein translation of the cradle on the upper journal induces variation in
compression ratio,

5. The variable stroke and compression ratio engine as defined in claim 1
wherein the means for rotational connection of the wobbler to the cradle comprises
rolling clement bearings (44a, 44b).

6. The variable stroke and compression ratio engine as defined in claim 1 further
comprising a first split bushing (28} translating on the upper journal and carried in the
cradle and a second split bushing (28} translating on the lower journal and carried in
the cradle,

7. The variable stroke and compression ratio engine as detined in claim |
wherein the cradle contains a chamber (39) and further comprising a double acting
hydraulic circuit with a reacting plate (40) extending from the crank and intermediate
the upper and lower journal, the reacting plate separating the chamber into upper (38)
and lower {36) chambers wherein introduction of hydraulic pressure in to the upper
chamber urges the reacting plate to increase eccentricity of the wobbler on the crank

-12-
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and introduction of hydraulic pressure into the lower chamber urges the reacting plate
to reduce eccentricity of the wobbler ou the crank.
3. The vartable stroke and compression ratio engine as defined in claim 6
whercin the means for anti-rotational connection of the crank to the cradic comprises
the upper and lower journal having a substantially rectangular cross section and the
tirst and second bushings comprising split slider bushings with a cylindrical outer
shape and substantially rectangular inner shape to receive the journals,
9. The variable stroke and compression ratio engine as defined in claim 1 further
comprising rods (46) for connecting the pistons to the wobbler, said rods connectad to
a respective piston with a small end ball (52) and socket and conmected to the wobbler
with a large end ball (48} and socket,
16. The variable stroke and compression ratio engine as defined in claim 1 firrther
comprising means for anti-rotational connection of the wobbler to an engine bedplate.
1. The variable stroke and compression ration engine as defined 1o claim 10
wherein the means for anti-rotational connection of the wobbler comprises a ball (82)
connected to the wobbler and received in a socket (84) in a shoe {86) translating in a
slot in the bedplate.
12. A piston control system for a variable stroke and compression ratio engine
comprising:

means for carrving a wobbler on a crank for actuation by a plurality of
pistons;

means for transiating the wobbler relative to g first angle for controf of
bottom dead center position of the pistons;

means for simultaneously translating the wobbler relative to a second
angle for control of top dead center position of the pistons.
13. The piston control system for g variable stroke and compression ratio engine
of claim 12 wherein the means for carrving the wobbler comprises a cradle (32)
carried by a crank (10} and the means for translating the wobbler comprises:

an upper journal (24} on the crank with a first angle refative to an axis

of rotation of the crank;
a lower journal (18) on the crank with a second angle with respect to
the axis;
a first split bushing (28) translating on the upper journal and carried in

the cradle and a second split (28} bushing translating on the lower journal and
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carried in the cradle;

a double acting hydraulic circuit with a reacting plate (40) extending
from the crank and intermediate the upper and lower journal, the reacting plate
separating a chamber in the cradle into upper (38) and lower (36} chambers
wherein introduction of hydraulic pressure in to the upper chamber urges the
reacting plate to increase ecceuntricity of the wobbler on the crank and
mtroduction of hydraulic pressure into the lower chamber urges the reacting
plate fo reduce eccentricity of the wobbler on the crank.

14, The piston conirol system for a variable stroke and compression ratio engine
of claim 13 wherein

the upper and lower journal have a substantially rectangular cross

section and the first and second bushings comprising split slider bushings with a
cylindrical outer shape and substantially rectangular inner shape to receive the
journals.

15 The piston control system for a variable stroke and compression ratio engine
of claim 13 further comprising rods (46} for connecting the pistons to the wobbler,
said rods connected to a respective piston with a small end ball (52) and socket and
connected to the wobbler with a large end ball (48) and socket.

16. The piston control system for a variable stroke and compression ratio engine
of claim 13 further comprising a ball connected to the wobbler and received in a
socket in a shoe translating in a slot in a bedplate for anti-rotational connection of the

wobbler.

17. A method for controlling the cutput power of an internal combustion engine
comprising:

carrying a wobbler on a crank having an axis of rotation for actuation
by a plurality of pistons;

translating the wobbler relative to 8 first angle with respect to the axis
of rotation for adjustmaent of bottom dead center position of the pistons;

simuftancously translating the wobbler relative to a second angle with
respect to the axis of rotation for adjustment of top dead center position of the pistons.
8. The method of claim 17 wherein the wobbler is carried on the crank by a
cradle and the crank incorporates an upper journal with a first angle relative to the
axis and a lower journal with a second angle with respect to the axis, and whercin

the step of translating comprises introducing hydraulic pressure into

14
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an upper chamber in the cradle, urging a reacting plate extending from the crank to
translate the carrier on the first journal and wherein

the step of simultancously translating comprises translating the carrier
on the second journal,

the steps of translating and simultaneously translating increasing
eceentricity of the wobbler on the crank.
19, The method of claim I8 further comprising introducing hydraulic pressure into
the lower chamber urging the reacting plate to reduce ecceniricity of the wobbler on

the crank
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