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CRANK SHAFT FOR AN INLINE INTERNAL
COMBUSTION ENGINE AND AN INLINE
INTERNAL COMBUSTION ENGINE

CROSS REFERENCE TO PRIOR
APPLICATIONS

[0001] This application is a U.S. National Phase applica-
tion under 35 U.S.C. § 371 of International Application No.
PCT/EP2015/055081, filed on Mar. 11, 2015. The Interna-
tional Application was published in German on Sep. 15,
2016 as WO 2016/141986 Al under PCT Article 21(2).

FIELD

[0002] The present invention relates to a crankshaft for an
in-line internal combustion engine with at least two bearing
points and a number of crank throws, wherein the crank
throws are arranged angularly offset with respect to each
other so that two crank throws are provided in angular
coincidence with each other, and wherein the crank throws
are associated with counter-weight elements for mass bal-
ance. The present invention also relates to an in-line internal
combustion engine with a crankcase and a crankshaft
received therein and having a number of crank throws, as
well as with a cylinder housing having a corresponding
number of cylinders, wherein the cylinder housing is con-
nected to a cylinder head in which inlet and outlet valves are
provided, as well as at least one camshaft for the inlet valves
and at least one camshaft for the outlet valves.

BACKGROUND

[0003] Such a crankshaft or such an in-line internal com-
bustion engine was previously described in DE 10 2011 054
881. It is thereby basically possible to operate a four cylinder
internal combustion engine using a three cylinder ignition
sequence, wherein the second and third cylinders run in
parallel with each other and one of the two cylinders may be
deactivated, if necessary, to save fuel and reduce emissions.
Both cylinders may also be operated simultaneously, in
particular in low rotational speed ranges, whereby the
exhaust gas mass flow of two cylinders is guided to the
exhaust gas turbo charger and the turbine can thus be
accelerated to very high turbine speeds even at low engine
speeds, which results in a high torque. An in-line engine
operated in this manner has the disadvantage, however, that
free mass moments are generated that cause negative vibra-
tion behavior and thereby also result in increased dynamic
stress on the engine block and to a negative acoustic
behavior inside the vehicle.

SUMMARY

[0004] An aspect of the present invention is to provide a
crankshaft for a four cylinder internal combustion engine or
an in-line combustion engine, which avoids the above dis-
advantages in a simple and economic manner.

[0005] In an embodiment, the present invention provides
a crankshaft for an in-line internal combustion engine which
includes at least two bearing points and a plurality of crank
throws comprising a first crank throw and a last crank throw.
Each of the plurality of crank throws comprise a counter-
weight element. The first crank throw and the last crank
throw each additionally comprise an additional weight. The
plurality of crank throws are arranged angularly offset with
respect to each other so that at least two of the plurality of
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crank throws are arranged in angular coincidence with each
other. The plurality of crank throws and their respective
counter-weight elements are arranged to provide for a mass
balance. The first crank throw and the last crank throw, as
seen in an axial direction of the crankshaft, are arranged in
angular coincidence with each other. The additional weight
of the first crank throw and the last crank throw are arranged
in a mirrored manner, as seen in the axial direction of the
crankshaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention is described in greater detail
below on the basis of embodiments and of the drawings in
which:

[0007] FIG. 1 shows a schematic perspective view of a
four-cylinder in-line internal combustion engine with a
crankshaft of the present invention;

[0008] FIG. 2 shows a perspective view of an embodiment
of the crankshaft of the present invention shown in FIG. 1;
[0009] FIG. 3 shows a schematic view of a crank spider of
the crankshaft of the present invention shown in FIG. 1;
[0010] FIG. 4 shows a schematic view of a crank spider of
a first embodiment of a crankshaft according to the present
invention in a six-cylinder configuration with a cylinder
arrangement schematically illustrated; and

[0011] FIG. 5 shows a schematic view of a crank spider of
a second embodiment of a crankshaft according to the
present invention in a six-cylinder configuration with a
cylinder arrangement schematically illustrated.

DETAILED DESCRIPTION

[0012] In an embodiment, the present invention provides
a crankshaft, wherein the first and the last crank throw, seen
in the axial direction of the crankshaft, are provided in
angular coincidence with each other, wherein the counter-
weight elements of the first and the last crank throw have
additional weights arranged in a mirrored manner, as seen in
the axial direction. The parallel arrangement of the first and
last crank throws alone largely reduces the free mass
moments of the first order. The tendency to vibrate can be
suppressed even further by attaching further additional
weights on the first and last crank throws. A negative
acoustic behavior can thus be excluded. The cylinder head
screws moreover do not need to be designed differently in
order to correspond to higher ignition pressure loads.
[0013] In an embodiment of a crankshaft of the present
invention which is advantageous for a four cylinder internal
combustion engine, a first and a second crank throw can, for
example, be offset with respect to each other by an angle
a=approximately 120°, and the second and third crank
throws can, for example, be offset with respect to each other
by an angle P=approximately 120°, while the third and
fourth crank throws can, for example, be offset with respect
to each other by an angle y=approximately 120°.

[0014] In an embodiment of a crankshaft of the present
invention which is advantageous for a six cylinder internal
combustion engine, a first and a second crank throw can, for
example, be offset with respect to each other by an angle
a'=approximately 240°, and the second and third crank
throws can, for example, be offset with respect to each other
by an angle p'=approximately 240°, while the third and
fourth crank throws can, for example, be offset with respect
to each other by an angle y'=approximately 360°, and the
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fourth and fifth crank throws can, for example, be offset with
respect to each other by an angle d'=approximately 120°,
while the fifth and sixth crank throws can, for example, be
offset with respect to each other by an angle &"=approxi-
mately 120°.

[0015] In an embodiment of a crankshaft of the present
invention which is advantageous for a six cylinder internal
combustion engine, a first and a second crank throw can, for
example, be offset with respect to each other by an angle
a"=approximately 60°, and the second and third crank
throws can, for example, be offset with respect to each other
by an angle f"=approximately 240°, while the third and
fourth crank throws can, for example, be offset with respect
to each other by an angle y"=approximately 180°, and the
fourth and fifth crank throws can, for example, be offset with
respect to each other by an angle §"=approximately 120°,
while the fifth and sixth crank throws can, for example, be
offset with respect to each other by an angle &"=approxi-
mately 120°.

[0016] The present invention further provides an in-line
internal combustion engine with four cylinders, wherein an
ignition sequence in the cylinders is in the following order
of the cylinders: first cylinder, second cylinder, third cylin-
der, fourth cylinder.

[0017] Both the crankshaft and the in-line internal com-
bustion engine including the crankshaft make it possible to
operate a four-cylinder in-line internal combustion engine so
that a sufficiently long outlet valve control time can be
provided for each individual cylinder without a negative
vibration behavior occurring both under dynamic and acous-
tic aspects. The internal exhaust gas recirculation, the charge
exchange losses, and the fuel consumption can thereby be
significantly optimized. It is important to reduce the exhaust
losses and the quantity of the internally recirculated residual
gas to optimize the combustion process in particular in the
event of a load increase. Due to the increased mass flow
ejection of exhaust gas during the exhaust gas outlet cycle of
the cylinders associated with the first and fourth crank
throws of the crankshaft, the turbo charger receives a torque
impulse that leads to a further improvement of the efficiency
of the internal combustion engine.

[0018] Tt is also possible to use the crankshaft of the
present invention to operate a six-cylinder in-line internal
combustion engine with the angular distances o', f', v', 9', &'
ora, ", y", 8", " of the crank throws, wherein an ignition
sequence in the cylinders is in the following order of the
cylinders: first cylinder, second cylinder, fourth cylinder,
sixth cylinder, fifth cylinder, third cylinder. The internal
combustion engine can thereby be operated with a regular or
an irregular ignition sequence depending on the configura-
tion.

[0019] A variable valve drive device can also advanta-
geously be provided in the cylinder head. It is also advan-
tageous to provide for a deactivation of the cylinder which
is operatively connected to the first or the last crank throw
in the lower load range. It is thereby possible to operate the
in-line internal combustion engine in the low load range in
a most simple manner as a pure three- or five-cylinder
internal combustion engine with three or five strokes of the
same cylinder capacity.

[0020] It may also be particularly advantageous in this
context if the variable valve device has an eccentric member
which causes a zero stroke of at least the inlet valves of the
cylinder to be deactivated in at least one position. It is of
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course also possible to provide an eccentric member that
causes a zero stroke of the outlet valves.

[0021] The present invention will be explained in more
detail below under reference to the drawings.

[0022] FIG. 1 schematically shows a perspective view of
an in-line internal combustion engine 2 operated as a four-
cylinder in-line engine using a four-stroke process. It should
be noted that the description of the relative angular orien-
tation of the crank throws is based on a projection (see FIGS.
3 to 5) in a plane. The four-cylinder in-line internal com-
bustion engine 2 substantially comprises a crankcase 4 in
which a crankshaft 6 is rotatably supported at five bearing
points 8. The crankshaft 6 is connected to pistons 12, 14, 16,
18 via connecting rods 10, which pistons 12, 14, 16, 18 are
adapted to be moved up and down in respective cylinders 10,
22,24, 26 in a manner known per se. The four cylinders 20,
22, 24, 26 are arranged in a cylinder housing 28. The
cylinder housing 28 is closed by a cylinder head 30 in which
inlet and outlet valves (which are not illustrated in detail) for
the four cylinders 20, 22, 24, 26 are arranged in a manner
known per se. Two camshafts 32, 24 are also shown sche-
matically, the camshafts 32, 24 acting on the inlet and outlet
valves.

[0023] The crankshaft 6 has crank throws 36, 38, 40, 42
connected to the connecting rods 10 in a manner known per
se.

[0024] The present invention provides that an asymmetri-
cal distance exists between the crank throws. This becomes
particularly clear from the perspective view in FIG. 2 and
the schematic illustration of the crank spider in FIG. 3. In the
shown embodiment, the crank throws 36, 38, 40, 42 are
arranged so that the crank throw 36 is offset with respect to
the crank throw 38 by an angle 0=120°. The crank throw 38
is also offset with respect to the crank throw 40 by an angle
[(=120°. The crank throw 40 also includes an angle of
v=120° with the crank throw 42 so that the crank throws 36
and 42 are arranged in angular coincidence relative to one
another. The ignition sequence in the cylinders 20, 22, 24,
26, be it by self-ignition in a Diesel engine or by an ignition
spark in a gasoline engine, is in accordance with the crank
throws 36, 38, 40, 42. This approach allows the operation of
a classic four-cylinder engine as a three-cylinder engine with
respect to the ignition sequence and the resultant outlet valve
control times. This offers considerable advantages with
regard to limiting the emissions and the consumption of such
an engine as was explained above.

[0025] FIG. 2 further clearly shows counter-weight ele-
ments 44, 46, 48, 50 associated to the crank throws 36, 38,
40, 42 in a manner known per se. To provide an optimal
vibration behavior of a crankshaft 6 designed according to
the present invention, additional weights 52, 54 are provided
on the first crank throw 36 and the fourth crank throw 42 in
particular to reduce the mass moments of the first order. It
is thereby possible to use the crankshaft 6 of the present
invention in a conventional internal combustion engine
without having to provide reinforcements or special fasten-
ing measure with respect to the cylinder housing 28.
[0026] FIG. 4 is a schematic view of a crank spider of a
first embodiment of a crankshaft 6 according to the present
invention in a six-cylinder configuration. In this case, six
crank throws 56, 58, 60, 62, 64 and 66 are provided which
are associated to corresponding cylinders 20, 22, 24, 26, 68,
70. The first and second crank throws 56, 58 are offset with
respect to each other by an angle a'=approximately 240°.
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The second and third crank throws 58, 60 are offset with
respect to each other by an angle f'=approximately 240°, the
third and fourth crank throws 60, 62 are offset with respect
10 each other by an angle y'=approximately 360°, the fourth
and fifth crank throws 62, 64 are offset with respect to each
other by an angle d'=approximately 120°, while the fifth and
sixth crank throws 64, 66 are offset with respect to each
other by an angle ¢'=approximately 120°. Such an internal
combustion engine may of course be operated in a classic
manner as a six-cylinder engine with the ignition sequence
of the cylinders being 20-22-26-70-68-24. Depending on the
load condition, it may, however, also be operated in a
five-cylinder ignition sequence (20 and/or 70)-22-26-68-24.
It is thus possible to adopt the classical crankshaft 6 of a
six-cylinder internal combustion engine without any modi-
fication, with the mass balance and the free mass moments
remaining on a zero level even when the cylinders are
deactivated. A simultaneous ignition of cylinders 20 and 70
does not put a higher load, e.g., on the cylinder head screws
of a cylinder head. However, due to the omission of the
ignition sequence in the sixth cylinder of the classical
sequerce, no regular ignition sequence is provided.

[0027] Such a regular ignition sequence can be achieved
with a second embodiment of a crankshaft 6 of the present
invention in a six-cylinder configuration as shown by the
crank spider illustrated in FIG. 5. Six crank throws 56, 58,
60, 62, 64 and 66 are here provided which are associated to
corresponding cylinders 20, 22, 24, 26, 68, 70. The first and
second crank throws 56, 58 are offset with respect to each
other by an angle o"=approximately 60°. The second and
third crank throws 58, 60 are offset with respect to each other
by an angle "=approximately 240°, the third and fourth
crank throws 60, 62 are offset with respect to each other by
an angle y"=approximately 180°, the fourth and fifth crank
throws 62, 64 are offset with respect to each other by an
angle d"=approximately 120°, while the fifth and sixth crank
throws 64, 66 are offset with respect to each other by an
angle g"=approximately 120°. In this case, the classic igni-
tion sequence is also 20-22-26-70-68-24 for a six-cylinder
engine and (20 and/or 70)-22-26-68-24 for a five-cylinder
engine.

[0028] A cylinder deactivation may be realized in a par-
ticularly simple manner by a variable valve device. In order
to provide for a cylinder deactivation of the cylinder (20, 26;
20, 70) in the low load ranges, which cylinder is operatively
connected to the first or the last crank throw (36, 42; 56, 66),
the variable valve device may have an eccentric member
which in at least one position causes a zero stroke of at least
the inlet valves of the cylinder 20, 26; 20, 70 to be deacti-
vated.

[0029] The present invention is not limited to embodi-
ments described herein; reference should be had to the
appended claims.

What is claimed is:

1-9. (canceled)

10. A crankshaft for an in-line internal combustion engine,

the crankshaft comprising:

at least two bearing points; and

a plurality of crank throws comprising a first crank throw
and a last crank throw, each of the plurality of crank
throws comprising a counter-weight element, the first
crank throw and the last crank throw each additionally
comprising an additional weight,
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wherein,

the plurality of crank throws are arranged angularly offset
with respect to each other so that at least two of the
plurality of crank throws are arranged in angular coin-
cidence with each other,

the plurality of crank throws and their respective counter-
weight elements are arranged to provide for a mass
balance,

the first crank throw and the last crank throw, as seen in
an axial direction of the crankshaft, are arranged in
angular coincidence with each other, and

the additional weight of the first crank throw and the last
crank throw are arranged in a mirrored manner, as seen
in the axial direction of the crankshaft.

11. The crankshaft as recited in claim 10, wherein,

the plurality of crank throws further comprises a second
crank throw, a third crank throw, and a fourth crank
throw as the last crank throw,

the first crank throw and the second crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°,

the second crank throw and the third crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°, and

the third crank throw and the fourth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°.

12. The crankshaft as recited in claim 10, wherein,

the plurality of crank throws further comprises a second
crank throw, a third crank throw, a fourth crank throw,
a fifth crank throw, and a sixth crank throw as the last
crank throw,

the first crank throw and the second crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 240°,

the second crank throw and the third crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 240°,

the third crank throw and the fourth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 360°,

the fourth crank throw and the fifth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°, and

the fifth crank throw and the sixth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°.

13. The crankshaft as recited in claim 10, wherein,

the plurality of crank throws further comprises a second
crank throw, a third crank throw, a fourth crank throw,
a fifth crank throw, and a sixth crank throw as the last
crank throw,

the first crank throw and the second crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 60°,

the second crank throw and the third crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 240°,

the third crank throw and the fourth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 180°,

the fourth crank throw and the fifth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°, and
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the fifth crank throw and the sixth crank throw are
arranged so as to be offset with respect to each other by
an angle of substantially 120°.

14. An in-line internal combustion engine arranged in a

four-cylinder configuration comprising:

a crankcase;

the crankshaft as recited in claim 11 arranged within the
crankcase;

a cylinder housing comprising a plurality of cylinders
which comprises a first cylinder, a second cylinder, a
third cylinder and a fourth cylinder;

a cylinder head connected to the cylinder housing;

at least one inlet valve and at least one outlet valve
arranged in the cylinder head,

at least one first camshaft assigned to the at least one inlet
valve; and

and at least one second camshaft assigned to the at least
one outlet valve,

wherein,

an ignition sequence of the plurality of cylinders is in an
order of the first cylinder, the second cylinder, the third
cylinder, and the fourth cylinder.

15. The in-line internal combustion engine as recited in

claim 14, further comprising:

a variable valve driving device arranged in the cylinder
head.

16. The in-line internal combustion engine as recited in

claim 15, wherein,

the first cylinder is operatively connected with the first
crank throw,

the fourth cylinder is operatively connected with the last
crank throw, and

in a lower load range, the in-line internal combustion
engine is configured to provide for a deactivation of the
first cylinder which is operatively connected with the
first crank throw or of the fourth cylinder which is
operatively connected with the last crank throw.

17. The in-line internal combustion engine as recited in

claim 16, wherein,

the variable valve driving device comprises an eccentric
member, and

the eccentric member is configured so that, in at least one
position, the eccentric member causes a zero stroke of
the at least one inlet valve of the first cylinder or the
fourth cylinder to be deactivated.
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18. An in-line internal combustion engine arranged in a

six-cylinder configuration comprising:

a crankcase;

the crankshaft as recited in claim 12 arranged within the
crankcase;

a cylinder housing comprising a plurality of cylinders
which comprises a first cylinder, a second cylinder, a
third cylinder, a fourth cylinder, a fifth cylinder, and a
sixth cylinder;

a cylinder head connected to the cylinder housing;

at least one inlet valve and at least one outlet valve
arranged in the cylinder head;

at least one first camshaft assigned to the at least one inlet
valve; and

and at least one second camshaft assigned to the at least
one outlet valve,

wherein,

an ignition sequence of the plurality of cylinders is in an
order of the first cylinder, the second cylinder, the
fourth cylinder, the sixth cylinder, the fifth cylinder, and
the third cylinder.

19. The in-line internal combustion engine as recited in

claim 18, further comprising:

a variable valve driving device arranged in the cylinder
head.

20. The in-line internal combustion engine as recited in

claim 19, wherein,

the first cylinder is operatively connected with the first
crank throw,

the sixth cylinder is operatively connected with the last
crank throw, and

in a lower load range, the in-line internal combustion
engine is configured to provide for a deactivation of the
first cylinder which is operatively connected with the
first crank throw or of the sixth cylinder which is
operatively connected with the last crank throw.

21. The in-line internal combustion engine as recited in

claim 16, wherein,

the variable valve driving device comprises an eccentric
member, and

the eccentric member is configured so that, in at least one
position, the eccentric member causes a zero stroke of
the at least one inlet valve of the first cylinder or the
sixth cylinder to be deactivated.
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