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(57) ABSTRACT

A crankshafit for an internal combustion engine comprises at
least four main journals aligned on a crankshaift axis of rota-
tion and at least three crankpins, each disposed about a
respective crankpin axis and positioned between the main
journals. Each of the respective crankpin axes 1s oriented
parallel to, and spaced radially from, the crankshaft axis of
rotation. Each of the crankpins 1s joined to a pair of crank
arms for force transmission between the crankpin and the pair
of crank arms. Each pair of crank arms 1s joined to arespective
main journal for transmitting torque between the pair of crank
arms and the main journal. At least two of the crankpins are
positioned substantially in phase with one another and a third
crankpin being positioned approximately 180 degrees apart
from the at least two crankpins.
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CRANKSHAFT FOR AN INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This patent application claims priority to U.S. Pro-
visional Patent Application Ser. No. 61/378,557 filed Aug. 31,
2010, which 1s incorporated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] Exemplary embodiments of the invention relate to
crankshafts for internal combustion engines and, more par-
ticularly, to a crankshaft for an mternal combustion engine
having a grouping of three crankpins, in which two of the
crankpins are disposed substantially in phase with one
another and the third crankpin 1s disposed approximately 180
degrees apart from the other two crankpins.

BACKGROUND

[0003] With the increased focus on vehicle economy, par-
ticularly vehicle fuel economy, automotive manufacturers are
turning to smaller, lighter vehicles and unique vehicle pow-
ertrains to boost elfficiency. Recirculated exhaust gas
(“EGR”) 1s utilized in most conventional internal combustion
engines to assist 1n the reduction of throttling losses at low
loads, and to improve knock tolerance and reduce the level of
oxides of mitrogen (“NO,””) in the exhaust gas at high engine
loads. EGR 1s especially important as an emissions reducer 1n
internal combustion engines that run lean of stoichiometry
and thereby are prone to emitting higher levels of NO .. emis-
S1011S.

[0004] One proposition that has been considered in the
construction of iternal combustion engine systems 1s to uti-
lize one of a plurality of cylinders as a dedicated EGR source.
For example, 1n a four cylinder engine, the entire supply of
exhaust gas produced 1n one of the cylinders is transferred to
the intake ports of the other three cylinders as EGR. The
EGR-producing cylinder may be operated at customized lev-
cls of air and fuel; as may be determined by an engine con-
troller that 1s 1n signal communication with various engine,
vehicle and exhaust system sensors. Since the exhaust gas
from the EGR-producing cylinder i1s to be re-circulated
before being released to the atmosphere, the customized air
and fuel levels 1n the EGR-producing cylinder may be opti-
mized to achieve selected goals such as engine efliciency,
power, and operability.

[0005] Since exhaust gas produced by the remaining two
cylinders 1s to be released to the atmosphere following treat-
ment 1n an exhaust gas treatment system, the air and fuel
mixtures of these remaining cylinders are operated so as to
meet emission standards. Fortuitously, these remaining cyl-
inders enjoy benefits associated with mngestion of EGR from
the EGR-producing cylinder. These benefits include reduced
combustion temperatures and associated levels of NO,,
allowing richer levels of EGR 1n the remaining cylinders with
increased levels of hydrogen, thereby improving knock resis-
tance, fuel consumption and combustion stability, while still
allowing stoichiometric gas to be maintained 1n the exhaust
gas treatment system for compatibility with the catalytic
treatment devices.

[0006] A disadvantage to this type of internal combustion
engine system 1s that an internal combustion engine that uses
only a single cylinder as the dedicated EGR cylinder may not
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uniformly deliver EGR volumes to the remaining cylinders.
For example, the cylinder event following the dedicated EGR
cylinder event may be prone to receive more EGR diluent
than the subsequently firing cylinders. This varation 1n cyl-
inder makeup (1.e. combustion air, fuel and EGR diluent) can
result 1n uneven combustion performance that 1s difficult to
control over a broad range of operating conditions.

[0007] To at least partially address these disadvantages, a
number of configurations are being studied, including con-
figurations wherein more than one in four cylinders operates
as a dedicated EGR cylinder or where a dedicated EGR cyl-
inder produces more than a single volume of exhaust gas for
every four volumes of exhaust gas produced by other cylin-
ders. To enable such configurations, 1t would be advantageous
to have a crankshaft that can facilitate improved distribution
of EGR among non-EGR cylinders.

SUMMARY

[0008] In an exemplary embodiment, a crankshait for an
internal combustion engine comprises at least four main jour-
nals aligned on a crankshaft axis of rotation and at least three
crankpins, each disposed about a respective crankpin axis and
positioned between the main journals. Each of the respective
crankpin axes 1s oriented parallel to, and spaced radially from,
the crankshaft axis of rotation. Each of the crankpins 1s joined
to a pair of crank arms for force transmission between the
crankpin and the pair of crank arms. Each pair of crank arms
1s joined to a respective main journal for transmitting torque
between the pair of crank arms and the main journal. At least
two of the crankpins are positioned substantially 1n phase
with one another and a third crankpin being positioned
approximately 180 degrees apart from the at least two crank-
pins.

[0009] In an exemplary embodiment, a rotating group for
an 1nternal combustion engine comprises three pistons, each
associated with a respective cylinder and connected through a
respective connecting rod to a respective crankpin, the crank-
pins being disposed on a single crankshait. The crankshaft
comprises at least four main journals aligned on a crankshaft
axis of rotation and at least three crankpins, each disposed
about a respective crankpin axis and positioned between the
main journals. Each of the respective crankpin axes are ori-
ented parallel to, and spaced radially from, the crankshait axis
of rotation. Each of the crankpins are joined to a pair of crank
arms for force transmission between the crankpin and the pair
of crank arms. Each pair of crank arms are joined to a respec-
tive main journal for transmitting torque between the pair of
crank arms and the main journal. At least two of the crankpins
are positioned substantially in phase with one another, and a
third crankpin 1s positioned approximately 180 degrees apart
from the at least two crankpins.

[0010] The above features and advantages, and other fea-
tures and advantages of the mvention are readily apparent
from the following detailed description of the invention when
taken 1n connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other objects, features, advantages and details
appear, by way of example only, in the following detailed
description of the embodiments, the detailed description
referring to the drawings in which:
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[0012] FIG. 1 1s a schematic plan view of portions of an
internal combustion engine system embodying features of the
invention;

[0013] FIG. 2 1s a schematic plan view of portions of an
internal combustion engine system embodying features of
another embodiment of the invention;

[0014] FIG. 3 1s a schematic plan view of portions of an
internal combustion engine system embodying features of
another embodiment of the invention;

[0015] FIG. 4 1s a schematic plan view of portions of an
internal combustion engine system embodying features of
another embodiment of the invention;

[0016] FIG. 5 1s a schematic plan view of portions of an
internal combustion engine system embodying features of
another embodiment of the invention;

[0017] FIG. 6 1s a schematic plan view of portions of an
internal combustion engine system embodying features of
another embodiment of the invention;

[0018] FIG. 7 1s a graph depicting operation of an internal
combustion engine system embodying features of an embodi-
ment of the invention; and

[0019] FIG. 8 1s a graph depicting operation of an internal
combustion engine system embodying features of another
embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0020] The following description 1s merely exemplary 1n
nature and 1s not intended to limit the present disclosure, its
application or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate like
or corresponding parts and features.

[0021] Referring now to FIG. 1, an exemplary embodiment
of the mvention 1s directed to an internal combustion engine
system 10 comprising a plurality of engine cylinders 12. In
the embodiment illustrated, the internal combustion engine
system 10 includes three engine cylinders 12, however the
configuration may also include any number of cylinders (ex.
3.4, 5, 6, 8,10, 12, etc.) as well as configurations such as
in-line (shown), V-configured, horizontally opposed and the
like, without affecting the application of the invention thereto.
[0022] Referring to the engine cylinders 12 in the embodi-
ment shown, the first and third cylinders 14 are configured to
operate on a four-stroke combustion cycle. Contrarily, the
second cylinder 16 1s a dedicated EGR cylinder and 1s con-
figured to operate on a 2-stroke combustion cycle; as will be
described in further detail below. Combustion air 18 1s com-
pressed by a compressor 20 which may comprise an engine
driven supercharger, an exhaust driven turbocharger or a com-
bination of both (1.e. super-turbocharger) and 1s delivered to
cach of the engine cylinders 12 through a portion of an intake
system 24 comprising intake runners 26, 28 and 30. The
intake runners 26, 28 and 30 deliver the compressed combus-
tion air to the 4-stroke cylinders 14 through intake ports 32
and to the 2-stroke cylinder through intake port or ports 34.
The combustion air 18 1s mixed with fuel 1n the cylinders 14
and 16, and 1s combusted therein. One or more 1gnition
devices such as spark plugs 36 are located 1n communication
with the cylinders 14 and 16 and operate to 1gnite the fuel/air
mixture therein.

[0023] In an exemplary embodiment, exhaust gas 38 from
the combustion of fuel and combustion air 18 1n the 2-stroke,
dedicated EGR cylinder 16 i1s removed from the cylinder 16
through one or more exhaust ports 40 in fluid communication
with an EGR supply conduit 42 extending between, and in
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fluid commumnication with, intake ports 44 that are configured
to deliver the exhaust gas 38 to the 4-stroke cylinders 14 as
recirculated exhaust gas (“EGR”™) 46. The recirculated
exhaust gas 46 1s mixed with the combustion air 18 and fuel 1n
cach 4-stroke cylinder 14 prior to combustion thereof. The
EGR 46 supplied from the 2-stroke, dedicated EGR cylinder
16 to the 4-stroke cylinders 14 functions to assist n the
reduction of throttling losses at low loads and to improve
knock tolerance and reduce the level of oxides of nitrogen
(“NO,”) 1n the exhaust gas.

[0024] In an exemplary embodiment, one or more heat
exchangers 48 may be disposed between the 2-stroke, dedi-
cated EGR cylinder 16 and the intake ports 44 of the 4-stroke
cylinders 14 to cool the EGR charge 46 allowing for a cooler
and, thus, denser flow of EGR 1nto the 4-stroke cylinders 14.
The heat exchangers 48 may be of an air cooled or liquid
cooled configuration. In an exemplary embodiment, exhaust
gas 30 from the combustion of fuel, combustion air 18 and
EGR 46 in the 4-stroke cylinders 14 1s removed from the
cylinders through one or more exhaust ports 32 1n fluid com-
munication with an exhaust gas treatment system 354 that may
include various exhaust gas treatment devices 56 such as a
catalytic converter, a selective catalytic reduction device, a
particulate trap or a combination thereof.

[0025] Referring now to FIG. 2, another exemplary
embodiment of the invention 1s directed to an internal com-
bustion engine system 10 comprising a plurality of engine
cylinders 12. In the embodiment 1llustrated, the internal com-
bustion engine system 10 includes three engine cylinders 12,
however the configuration may also include any number of
cylinders (ex. 3,4, 5, 6, 8, 10, 12, etc.) as well as configura-
tions such as in-line (shown), V-configured, horizontally
opposed and the like, without affecting the application of the
invention thereto.

[0026] Referring to the engine cylinders 12 in the embodi-
ment shown, the first and third cylinders 14 are configured to
operate on a four-stroke combustion cycle. Contrarily, the
second cylinder 16 1s a dedicated EGR cylinder and 1s con-
figured to operate on a 2-stroke combustion cycle; as will be
described 1n further detail below. Combustion air 18 1s com-
pressed by a compressor 20 which may comprise an engine
driven supercharger, an exhaust driven turbocharger or a com-
bination of both (1.e. super-turbocharger) and 1s delivered to
cach ol the engine cylinders 12 through a portion of an intake
system 24 comprising intake runners 26, 28 and 30. The
intake runners 26, 28 and 30 deliver the compressed combus-
tion air to the 4-stroke cylinders 14 through intake ports 32
and to the 2-stroke cylinder through intake port or ports 34.
The combustion air 18 1s mixed with fuel 1n the cylinders 14
and 16, 1s combusted therein. One or more 1gnition devices
such as spark plugs 36 are located 1n communication with the
cylinders 14 and 16 and operate to 1ignite the fuel/air mixture
therein.

[0027] In an exemplary embodiment, exhaust gas 38 from
the combustion of fuel and combustion air 18 in the 2-stroke,
dedicated EGR cylinder 16 1s removed from the cylinder
through one or more exhaust ports 40 in fluid communication
with an EGR supply conduit 42 extending between, and in
fluid communication with, the intake port 80 of the compres-
sor 20 and 1s configured to deliver the exhaust gas 38 to the
compressor 20 for mixture with the combustion air 18 and
compression mnto combustion charge 82. As a result, combus-
tion charge 82 includes a mixture of combustion air 18 and
recirculated exhaust gas 38 and i1s delivered to the to the
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4-stroke cylinders 14 through the intake runners 26, 28 and to
the 2-stroke cylinder 16 through intake runner 30. The
exhaust gas 38 supplied from the 2-stroke, dedicated EGR
cylinder 16 to the compressor intake port of the intake system
24 functions to assist in the reduction of throttling losses at
low loads and to improve knock tolerance and reduce the level
of oxides of nitrogen (“NO.”") in the exhaust gas.

[0028] In an exemplary embodiment, a heat exchanger 48
may be disposed between the exhaust port 40 of the 2-stroke,
dedicated EGR cylinder 16 and the compressor intake port 80
to cool the exhaust gas 38 allowing for a cooler and, thus,
denser flow of exhaust gas into the compressor 20. The heat
exchanger 48 may be of an air cooled or liquid cooled con-
figuration. In an exemplary embodiment, exhaust gas 50 from
the combustion of fuel and the combustion charge 82 1n the
4-stroke cylinders 14 1s removed from the cylinders through
one or more exhaust ports 52 in fluid communication with an
exhaust gas treatment system 54 that may include various
exhaust gas treatment devices 56 such as a catalytic converter,
a selective catalytic reduction device, a particulate trap or a
combination thereof.

[0029] In an exemplary embodiment, the 4- and 2-stroke
cylinders 14, 16, respectively, interact with a rotating group
that comprises, pistons (not shown) that are each associated
with a respective cylinder and connected through a respective
connecting rod (not shown) to a respective crankpin, the
crankpins being disposed on a single crankshait. In an exem-
plary embodiment, as shown in FIG. 5 and FIG. 6, a crank-
shaft 100 for an internal combustion engine comprises a
plurality of main journals 110, 112, 114, 116 aligned on a
crankshaft axis of rotation 118. A first (1.e., outer) crankpin
120 1s disposed about a first crankpin axis 122 and positioned
between a first main journal 110 and a second main journal
112. A second (i.e., imner) crankpin 130 1s disposed about a
second crankpin axis 132 and positioned between the second
main journal 112 and a third main journal 114. A third (1.e.,
outer) crankpin 140 1s disposed about a third crankpin axis
142 and positioned between the third main journal 114 and a
fourth main journal 116. Each crankpin 120, 130, 140 is
aligned on a respective crankpin axis 122, 132, 142 that 1s
parallel to, and spaced radially from, the crankshaft axis of
rotation 118.

[0030] A firstpair of crank arms 150 1s joined to first crank-
pin 120 for force transmission between first crankpin 120 and
the first pair of crank arms 150. Each of the crank arms 150 1s
also joined to a respective main journal 110, 112 for trans-
mitting torque between the first pair of crank arms 150 and the
main journals 110, 112. A second pair of crank arms 152 1s
joined to second crankpin 130 for force transmission between
second crankpin 130 and the second pair of crank arms 152.
Each of the crank arms 152 1s also joined to a respective main
journal 112, 114 for transmitting torque between the second
pair of crank arms 152 and the main journals 112, 114. A third
pair of crank arms 154 1s joined to third crankpin 140 for force
transmission between third crankpin 140 and the third pair of
crank arms 154. Each of the crank arms 154 1s also joined to
a respective main journal 114, 116 for transmitting torque

between the third pair of crank arms 154 and the main jour-
nals 114, 116.

[0031] In an exemplary embodiment, the crankpins 120,
130, 140 form a crankpin grouping arranged to enable, with
respect to their three associated cylinders, a “near-even fire”
combustion sequence. Thus, 1n the case of the 3-cylinder
internal combustion engine 10, four nearly evenly spaced
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firing events are produced 1n about 720 degrees of rotation of
the crankshaft. For example, in an engine configuration
wherein a 2-stroke cylinder 1s disposed between a pair of
4-stroke cylinders, such as 1n the exemplary three cylinder
internal combustion engines of FIG. 1 and FIG. 2, the first
crankpin 120 1s coupled, through a connecting rod (not
shown), to a piston (not shown) that 1s disposed 1n a first one
of the cylinders 14. That cylinder 1s configured to operate on
a four-stroke combustion cycle. Thus, as crankshait 100
rotates about the crankshait axis of rotation 118, the piston
that 1s coupled to the first crankpin 120 interacts with working
flud (1.e., fuel, air and EGR mixture) in the first cylinder 14,
which encounters a combustion event once for every 720
degrees of crankshait rotation.

[0032] Simuilarly, the third crankpin 140 1s coupled, through
a connecting rod (not shown), to a piston (not shown) that 1s
disposed 1n another of the cylinders 14 configured to operate
on a four-stroke combustion cycle. Thus, as crankshaft 100
rotates about the crankshatt axis of rotation 118 (i.e., through
its range of rotational crankshatt positions), the piston that 1s
coupled to the third crankpin 140 mteracts with working fluid
(1.e., fuel, airr and EGR mixture) in the third cylinder 14,
which also encounters a combustion event once for every 720
degrees of crankshait rotation.

[0033] In accordance with this embodiment, the crankpins
for the 4-stroke cylinders 14 (1.¢., the first crankpin 120 and
the third crankpin 140) are positioned approximately in phase
with one another (1.e., approximately positioned for in-phase
rotation about the crankshait axis of rotation) so that a single
rotational crankshaft position causes the piston that 1s
coupled to the first crankpin 120 and the piston that 1s coupled
to the third crankpin 140 to both be positioned at or near the
top ol their strokes. Accordingly, as the crankshaft 100 rotates
through 1ts range of crankshaftt rotational positions, the piston
that 1s coupled to the first crankpin 120 and the piston that 1s
coupled to the third crankpin 140 both reach the top of their
stroke at approximately the same crankshait rotational posi-
tion. The combustion events for the first and third cylinders
occur in alternating cyclic rotations of the crankshaft such
that combustion events associated with the 4-stroke cylinders
are approximately evenly spaced apart.

[0034] In accordance with this embodiment, the second
crankpin 130 1s coupled, through a connecting rod (not
shown), to a piston (not shown) that1s disposed inthe cylinder
16 that 1s disposed between the two 4-stroke cylinders 14.
That cylinder 1s configured to operate on a four-stroke com-
bustion cycle. Thus, as crankshait 100 rotates about the
crankshaft axis of rotation 118, the piston that 1s coupled to
the second crankpin 130 interacts with working fluid (.e.,
tuel, air and EGR mixture) in the second cylinder 16, which
encounters a combustion event once for every 360 degrees of
crankshaft rotation.

[0035] In accordance with this embodiment, the second
crankpin 130 (1.e., the crankpin associated with the 2-stroke
cylinders 16) 1s positioned approximately 180 degrees out of
phase from the first crankpin 120 and the third crankpin 140.
Accordingly, the piston that 1s coupled to the second crankpin
130 reaches the top of its stroke at a rotational crankshaift
position approximately 180 degrees apart from the rotational
crankshaft position associated with the top of stroke of the
piston coupled to the first crankpin 120 and the rotational
crankshaft position associated with the top of stroke of the
piston coupled to the third crankpin 140. Accordingly, the
combustion events for the second cylinder occur 1n every
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cyclic rotation of the crankshaft, spaced approximately
evenly between combustion events associated with the
4-stroke cylinders. Thus, the second crankpin 130 1s coupled
with the piston associated with the 2-stroke cylinder 16 and 1s
oriented symmetrically (1.e. slightly more or less than 180
degrees of rotation of the crankshaft) to the first and third
crankpins.

[0036] In an exemplary embodiment, the axes 122, 132,
142 of all three crankpins are disposed, more or less, 1n a
single plane 180, and the axis of rotation 118 of the crankshaft
1s also disposed, more or less, 1 approximately the same
plane 180. In another exemplary embodiment, the axis of the

first crankpin 122 1s approximately, more or less, co-linear
with the axis of the third crankpin 142.

[0037] In the illustrated embodiment, the three crankpins
form a crankpin grouping in which the outer crankpins are
positioned near a first approximate angular location for in-
phase rotation about the crankshaft axis of rotation and the
inner crankpin 1s positioned approximately 180 degrees apart
from the first approximate angular location. It should be
noted, however, that other arrangements are contemplated
such as an arrangement wherein three crankpins form a crank-
pin grouping in which two adjacent crankpins are positioned
near a first approximate angular location for in-phase rotation
about the crankshaft axis of rotation, and the remaining
crankpin (which 1s not positioned between the two adjacent
crankpins) 1s positioned approximately 180 degrees apart
from the first approximate angular location.

[0038] Itshould be noted that the strokes of the outer crank-
pins of the crankpin grouping may be configured to be greater
than, less than, or equal to the stroke of the inner crankpin as
desirable to suit specific needs of the engine. For example,
where the 2-stroke (1.e., 180 degree out of phase) cylinder 1s
utilized to supply EGR to two or more 4-stroke cylinders, it
may be desirable to increase or decrease the ratio of EGR to
be supplied to the four-stroke cylinders. In an exemplary
embodiment, the proportion of EGR can be modified by
increasing or decreasing the stroke (i.e., range of piston
travel) associated with the 2-stroke cylinder relative to that of
the 4-stroke cylinders.

[0039] In an exemplary embodiment, the crankpin for the
2-stroke, dedicated EGR cylinder 16 may be oriented sym-
metrically (1.e. slightly more or less than 180 degrees of
rotation of the crankshait) to the crankpins of the 4-stroke
cylinders 14 in order to optimize the timing of the delivery of
the EGR 46, FIG. 1, or combustion charge 82, FIG. 2, to the
4-stroke cylinders 14. In the embodiments 1llustrated, 1n the 3
cylinder in-line mternal combustion engine 10, two cylinders
can operate on a 4-stroke cycle with the remaining cylinder
operating on a 2-stroke cycle to supply recirculated exhaust
gas 46 or combustion charge 82 to the 4-stroke cylinders.
Such a configuration will yield 4 substantially evenly spaced
firing or combustion events 1n about 720 degrees of crank-
shaft rotation and yield near 4-cylinder engine performance
and combustion smoothness 1n a in a 3-cylinder engine pack-
age 10.

[0040] FIG.7 and FIG. 8 show exemplary relationships 300
between piston stroke and crankshait rotational position for
exemplary engine rotating groups. In an exemplary embodi-
ment, at a first crankshaift rotational position of 0 degrees, a
first crankpin 320 and a third crankpin 340 are disposed in a
position associated with the top of the stroke (TDC) of their
coupled pistons. At this approximate rotational position (with
variations associated with advancement or retarding of the

Jun. 13, 2013

1gnition timing), a first combustion or firing event 370 occurs
in the cylinder associated with the first crankpin 320. At
approximately the same crankshatt rotational position, a sec-
ond crankpin 330 1s disposed in a position associated with the
bottom of the stroke (BDC) of 1ts coupled piston.

[0041] At a second crankshaft rotational position approxi-
mately 180 degrees apart from the first crankshait rotational
position, the first crankpin 320 and the third crankpin 340 are
disposed 1n a position associated with the bottom of the stroke
(BDC) of their coupled pistons. At approximately the same
crankshaft rotational position, the second crankpin 330 is
disposed 1n a position associated with the top of the stroke
(TDC) of its coupled piston. At this approximate rotational
position (with variations associated with advancement or
retarding of the timing of the 1gnition timing), a second com-
bustion or firing event 350 occurs 1n the cylinder associated
with the second crankpin 330.

[0042] Completing a first revolution of the crankshait at a
rotational position of 360 degrees, the first crankpin 320 and
the third crankpin 340 are, again, disposed 1n a position asso-
ciated with the top of the stroke (TDC) of their coupled
pistons. At this approximate rotational position (with varia-
tions associated with advancement or retarding of the ignition
timing), a third combustion or firing event 360 occurs 1n the
cylinder associated with the third crankpin 340. At approxi-
mately the same crankshait rotational position, the second
crankpin 330 1s, again, disposed 1n a position associated with
the bottom of the stroke (BDC) of its coupled piston.

[0043] At a fourth crankshaft rotational position approxi-
mately 540 degrees from the first crankshait rotational posi-
tion, the first crankpin 320 and the third crankpin 340 are,
again, disposed 1n positions associated with the bottoms of
the strokes (BDC) of their coupled pistons. At approximately
the same crankshait rotational position, the second crankpin
330 1s, again, disposed 1n a position associated with the top of
the stroke (TDC) of its coupled piston. At this approximate
rotational position (with variations associated with advance-
ment or retarding of the ignition timing), a combustion or
firing event 350 occurs 1n the cylinder associated with the
second crankpin 330.

[0044] Completing a second revolution of the crankshaft
with a total crankshaft rotation of 720 degrees, the first crank-
pin 320 and the third crankpin 340 are, again, disposed 1n a
position associated with the top of the stroke (TDC) of their
coupled pistons. At this approximate rotational position (with
variations associated with advancement or retarding of the
ignition timing), a combustion or firing event 370 occurs 1n
the cylinder associated with the first crankpin 320. At
approximately the same crankshaft rotational position, the
second crankpin 330 1s, again, disposed 1n a position associ-
ated with the bottom of the stroke (BDC) of its coupled piston.
Thus, a “near-even fire” combustion sequence 1s facilitated,
whereby, 1n the case of the 3-cylinder internal combustion

engine 10, four nearly evenly spaced firing events occur 1n
about 720 degrees of rotation of the crankshatt.

[0045] In the embodiments illustrated and described, the
internal combustion engine 10 will package 1n the space of a
3-cylinder, in-line engine but will deliver near 4-cylinder
performance. Four firing impulses or events will allow the
engine to enjoy a lowered 1dle speed from about 1000 revo-
lutions per minute (“RPM”) to about 750 RPM due to
smoother feedback to the vehicle, or other installation, result-
ing 1 lower fuel consumption. In addition, the output con-
stituents 38 (1.e. exhaust gas) of the 2-stroke, dedicated EGR




US 2013/0146004 Al

cylinder 16 are “post-processed” by the 4-stroke cylinders 14
allowing the 2-stroke, dedicated EGR cylinder 16 to be oper-
ated richer than stoichiometry without an adverse impact on
tailpipe emissions 30. This allows the 2-stroke, dedicated
EGR cylinder 16 to be optimized as a supplier of EGR diluent
to the 4-stroke cylinders 14.

[0046] The operation of the internal combustion engine 10
1s relatively straight forward and the configuration of the
2-stroke, dedicated EGR cylinder 16 may comprise a number
of 2-stroke designs. For instance, 1n an exemplary embodi-
ment, a “uniflow” design may be implemented which will
utilize exhaust valves 1n fluid commumnication with the
exhaust ports 40. Intake ports 34 may be dispensed with 1n
exchange for intake ports (not shown) at the bottom of the
cylinder 16. The cylinder 16 may be crankcase scavenged but
also maybe scavenged with pressurized air from the compres-
sor 20. In the exemplary embodiments illustrated in FIGS. 1
and 2, the layout of the 2-stroke, dedicated EGR cylinder 16
1s similar to that of a 4-stroke engine 1n 1ts configuration. The
primary difference between 2-stroke and 4-stroke operation
of the cylinder 16 1s in the valve-injector-spark timing relative
to the position of the engine crankshaft (not shown). This
configuration benefits from compressed combustion air 18,
FIG. 1, or the compressed combustion charge 82, FIG. 2,
delivered by compressor 20. In an exemplary embodiment, a
compressor 20 may be dispensed with when the exhaust gas
treatment system 54 and the timing of the exhaust valves of
the 2-stroke cylinder 16 can be controlled to create “auto-
scavenging’ of exhaust gas from the cylinder 16.

[0047] As indicated above, the mvention 1s applicable to
various engine configurations. In a V-configured engine, such
as a V-6 engine, four cylinders can operate on a 4-stroke cycle
with the remaiming two cylinders operating on a 2-stroke
cycle to supply recirculated exhaust gas to the 4-stroke cyl-
inders. Such a configuration will yield 8 firing or combustion
events 1n about 720 degrees of crankshaift rotation and yield
near V-8 engine performance in a V-6 package. In the exem-
plary embodiment of FIG. 3, the V-6 configured internal
combustion engine 10C 1s configured such that two cylinders
(4 and 6 1n the engine 1llustrated) on a first cylinder bank 90
are operated on a 2-stroke cycle. The remaining cylinders 1, 2,
3 and 5, which are located 1n various locations on both first
cylinder bank 90 and second cylinder bank 92, operate on a 4
stroke cycle. This configuration 1s useful in order to optimize
the firing order of the cylinders 14, 16 as well as the delivery
of recirculated exhaust gas 46 from the 2-stroke cylinders 16
to the 4-stroke cylinders 14.

[0048] In the exemplary embodiment of FIG. 4, the V-6
configured internal combustion engine 10B 1s configured
such that two cylinders (2 and 4 1n the engine illustrated) on
first cylinder bank 90 are operated on a 2-stroke cycle. The
remaining cylinders 1, 3, 5 and 6, which are located 1n various
locations on both first cylinder bank 90 and a second cylinder
bank 92, operate on a 4 stroke cycle. This configuration 1s also
usetul in order to optimize the firing order of the cylinders 14,
16 as well as the delivery of recirculated exhaust gas from the
2-stroke cylinders 16 to the 4-stroke cylinders 14.

[0049] The invention has been described above primarily
with reference to 1ts application in a 3-cylinder or a 6-cylinder
engine. It should be clear to one skilled 1n the art of internal
combustion engines that engines of other cylinder numbers,
and varied configurations, can easily be envisaged and that
the invention should not, and can not be limited to those
examples provided herein.
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[0050] While the imnvention has been described with refer-
ence to exemplary embodiments, 1t will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereol. Theretfore, 1t 1s intended that
the mvention not be limited to the particular embodiments
disclosed, but that the invention will include all embodiments
falling within the scope of the present application.

What 1s claimed 1s:
1. A crankshaft for an internal combustion engine compris-
ng:

at least four main journals aligned on a crankshait axis of
rotation; and

at least three crankpins, each disposed about a respective
crankpin axis and positioned between the main journals;

cach of the respective crankpin axes being oriented parallel
to, and spaced radially from, the crankshaft axis of rota-
tion;

cach of the crankpins being joined to a pair of crank arms

for force transmission between the crankpin and the pair
of crank arms;

cach pair of crank arms being joined to a respective main

journal for transmitting torque between the pair of crank
arms and the main journal;

two of the crankpins being positioned substantially 1n
phase with one another and a third crankpin being posi-
tioned approximately 180 degrees apart from the at least
two crankpins.

2. A crankshaft as in claim 1, wherein the at least three
crankpins form a crankpin grouping in which the outer crank-
pins are positioned near a first approximate angular location
for in-phase rotation about the crankshait axis of rotation.

3. A crankshatt as in claim 2, wherein the inner crankpin 1s

positioned approximately 180 degrees apart from the first
approximate angular location.

4. A crankshatft as in claim 1, wherein the at least three
crankpins form a crankpin grouping in which two adjacent
crankpins are positioned near a first approximate angular
location for in-phase rotation about the crankshaft axis of
rotation.

5. A crankshafit as in claim 4, wherein the remaining crank-
pin 1s positioned approximately 180 degrees apart from the
first approximate angular location.

6. A crankshatt as 1n claim 2, wherein the crankpin group-
ing includes four main journals.

7. A crankshaft as 1n claim 6, wherein each of the crankpins
of the crankpin grouping 1s disposed between a pair of main
journals.

8. A crankshait as in claim 2, wherein the inner crankpin of
the crankpin grouping 1s oriented symmetrically to the outer-
most two crankpins of the crankpin grouping.

9. A crankshaftt as 1n claim 2, wherein the three crankpins of
the crankpin grouping and the axis of rotation of the crank-
shaft are all disposed approximately 1n a single plane.

10. A crankshaft as 1n claim 2, wherein the axes of the outer
crankpins of the crankpin grouping are approximately co-
linear.

11. A crankshaft as in claim 2, wherein the strokes of the
three crankpins of the crankpin grouping are approximately
equal.




US 2013/0146004 Al

12. A crankshaft as 1n claim 2, wherein the strokes of the
outer crankpins of the crankpin grouping are greater than the
stroke of the inner crankpin.

13. A crankshatt as 1n claim 2, wherein the strokes of the
outer crankpins of the crankpin grouping are less than the
stroke of the inner crankpin.

14. A rotating group for a three cylinder internal combus-
tion engine, the rotating group comprising:

three pistons, each associated with a respective cylinder

and connected through a respective connecting rod to a
respective crankpin, the crankpins being disposed on a
single crankshaft;

wherein the crankshaft comprises:

at least four main journals aligned on a crankshaft axis of
rotation; and

at least three crankpins, each disposed about a respective
crankpin axis and positioned between the main jour-
nals;

cach of the respective crankpin axes being oriented par-
allel to, and spaced radially from, the crankshait axis
of rotation;

cach of the crankpins being joined to a pair of crank arms
for force transmission between the crankpin and the
pair of crank arms;

cach pair of crank arms being joined to a respective main
journal for transmitting torque between the pair of
crank arms and the main journal; and
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at least two of the crankpins being positioned substan-
tially 1n phase with one another and a third crankpin
being positioned approximately 180 degrees apart
from the at least two crankpins.

15. A rotating group as in claim 14, wherein the at least
three crankpins form a crankpin grouping in which the outer
crankpins are positioned near a first approximate angular
location for in-phase rotation about the crankshait axis of
rotation.

16. A rotating group as in claim 15, wherein the inner
crankpin 1s positioned approximately 180 degrees apart from
the first approximate angular location.

17. A rotating group as in claim 15, wherein each of the
crankpins of the crankpin grouping is disposed between a pair
of main journals.

18. A crankshait as in claim 15, wherein the three crankpins
of the crankpin grouping and the axis of rotation of the crank-
shaft are all disposed approximately in a single plane.

19. A crankshatt as 1n claim 15, wherein the strokes of the

outer crankpins of the crankpin grouping are greater than the
stroke of the inner crankpin.

20. A crankshatt as in claim 15, wherein the strokes of the

outer crankpins of the crankpin grouping are less than the
stroke of the inner crankpin.
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