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Description

[0001] The invention relates to a variable compression
ratio (VCR) engine and a method for driving a variable
compression ratio (VCR) engine.

[0002] Inareciprocating piston combustion engine the
compression ratio is an important parameter for the com-
bustion, the thermal efficiency and for the exhaust gas
emissions.

[0003] The compression ratio of a combustion engine
represents the ratio of the volume of its combustion
chamber from its largest capacity to its smallest capacity.
In a piston engine it is the ratio between the volume of
the cylinder and combustion chamber when the piston is
at the bottom of its stroke, and the volume of the com-
bustion chamberwhen the piston is atthe top of its stroke.
Hence, the compression ratio may be calculated by the
ratio between the sum of the displacement volume and
the clearance volume and the clearance volume. The
displacement volume is the volume inside the cylinder
displaced by the piston from the beginning of the com-
pression stroke to the end of the stroke. The clearance
volume is the volume of the space in the cylinder left at
the end of the compression stroke.

[0004] The compression ratio is usually chosen to yield
the best engine performance. Often the high load engine
performance is the most relevant point for the choice.
For optimal performance over the whole operating range
a variable compression ratio is desirable.

[0005] Different solutions are known for varying the
compression ratio in smaller reciprocating piston com-
bustion engines, such as eccentric sleeves around the
piston pin or around the main bearing, or eccentric shafts
and mechanisms for regulating the distance between the
cylinder head and the crankshaft centre line.

[0006] The compression ratio may be changed by al-
lowing the gas to enter an additional volume outside the
cylinder as disclosed for example in EP2677141 A1 or
by a displaceable exit valve seat as disclosed in
JPS61-197731 A.

[0007] Large reciprocating piston combustion engines
regularly comprise one or more cylinders equipped with
acylinder linerrespectively, one or more pistons movably
arranged within the respective cylinder liner, and a crank-
shaft rotatably arranged in a crankshaft housing, with
each piston being connected to a respective crosshead
via a piston rod, and with each crosshead being connect-
ed to the crankshaft via a connecting rod to drive the
crankshaft. The piston rods are typically guided rectilin-
early along their longitudinal axis, and the respective
crosshead converts the rectilinear movement of the pis-
ton rod into a non-rectilinear movement of the connecting
rod.

[0008] EP2687707 A2 discloses a large reciprocating
piston combustion engine wherein the crosshead and/or
the piston may be provided with a control apparatus for
controlling the compression ratio of the reciprocating pis-
ton combustion engine. For example, the piston rod may
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be extended by a hydraulic cylinder sitting in the cross-
head pin. Thereby the possible maximum and minimum
positions of the piston are changed.

[0009] Incombustion engines carbon may build up and
wear steps can occur in long time operation above the
piston top dead position.

[0010] With afixed compression ratio this is not a prob-
lem since the piston will never reach this area.

[0011] However, when the compression ratio is varied
by determining the maximum and the minimum position
of the piston in the cylinder, different maximum piston
positions of the piston, in particular of the top piston ring,
may be achieved.

[0012] Ifthe engine has been operated on a’low’ com-
pression rate with a relatively big clearance volume for
a prolonged time and the compression ratio is subse-
quently increased all of the sudden, the piston rings will
pass the area of wear steps and carbonised deposits.
[0013] Thereby reliable piston running performance is
not guaranteed and can lead to damages to piston, piston
rings and liner of the cylinder. For a reliable engine op-
eration with a variable compression ratio (VCR) engine,
managing the carbon build ups and avoid wear steps are
essential.

[0014] Itis an object of the present invention to avoid
the drawbacks of the prior art and in particular to provide
an variable compression ratio (VCR) engine and a meth-
od of operating an variable compression ratio (VCR) en-
gine with more continuous performance and with a lower
need for maintenance than in prior art engines.

[0015] The objectis achieved by the variable compres-
sion ratio (VCR) engine and the method of operating a
variable compression ratio (VCR) engine according to
the independent claims.

[0016] The object is achieved by a variable compres-
sion ratio (VCR) engine comprising at least one cylinder
with a piston movably arranged within the cylinder, adapt-
ed to perform a predefined piston stroke within the cyl-
inder. The variable compression ratio (VCR) engine com-
prises a setting unit for setting a preset compression ratio
by setting a preset clearance position.

[0017] The piston moves between the bottom dead
center and the top dead center. The distance between
these bottom and top positions corresponds to the piston
displacement length which may be determined by the
length of the crankshaft and the length of the connection
rod.

[0018] Atthe top dead center the piston is in the clear-
ance position.
[0019] The preset clearance position is a preset top

position of the piston, in particular the top position of the
top ring, and corresponds to a respective clearance vol-
ume.

[0020] Thetopringisa sealringpositioned inthe upper
most groove of the piston.

[0021] Since the displacement lengths and thus the
displacement volume in most cases cannot be changed
for a given piston/cylinder arrangement due to fixed
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lengths of the cylinder diameter, the piston, the piston
rod, the connecting rod and the crank shaft during move-
ment, the setting of the clearance volume defines the
compression ratio.

[0022] Usually there is a highest possible top position
in the cylinder which can be reached by the piston which
corresponds to a minimal possible clearance volume and
to a maximal possible compression ratio.

[0023] To choose a smaller compression ratio the
range of movement of the piston within the cylinder may
be shifted such that a lower clearance position, a greater
clearance volume and hence a smaller compression ratio
may be achieved.

[0024] According to the invention the VCR-engine fur-
ther comprises a control unit for setting at least one tem-
poral clearance position different from the preset clear-
ance position and for inducing at least one piston move-
ment with the temporal clearance position.

[0025] Preferably the temporal clearance position is
above the preset clearance position, in other words clos-
erto the highest possible top position as the preset clear-
ance.

[0026] Preferably the control unitis adapted for setting
thereafter the preset clearance position again and induc-
ing the piston movements with the preset clearance po-
sition.

[0027] A piston movement with the temporal clearance
position is a movement between a bottom and top posi-
tion, wherein the top position corresponds to the temporal
clearance position.

[0028] Preferably, a temporal clearance position is
chosen which corresponds to the absolute maximum po-
sition of the piston and hence to the smallest clearance
volume and to the biggest possible compression ratio.
[0029] If a temporal clearance position corresponding
to a smaller clearance volume as compared to the preset
clearance position is achieved from time to time, carbon
build ups may be reduced. The piston cleans the inner
wall of the cylinder while moving along the inner wall.
Deposits of carbon material which may build up at the
inner wall of the cylinder in a region above the clearance
position of the piston may be removed when the piston,
in particular the top ring, passes this area.

[0030] Preferably the control unit is adapted for induc-
ing at least one piston movement with a temporal clear-
ance position according to at least one predetermined
scheme.

[0031] The scheme preferably defines successive val-
ues of temporal clearance positions, time intervals or
number of strokes for holding temporal clearance posi-
tions and/or setting cycles.

[0032] The scheme may induce a repeated setting of
a piston movement with a temporal clearance position
corresponding to a smaller clearance volume as com-
pared to the preset clearance position after predeter-
mined time intervals or after predetermined piston stroke
movements.

[0033] The scheme may provide a curve defining the
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clearance positions over time or number of position
strokes. The temporal clearance position is changed ac-
cording to this curve over time or over number of piston
strokes. The scheme may define a stepwise change of
the temporal clearance positions.

[0034] If the clearance position is changed too fast or
by a too large distance change there is the risk that the
positon passes an area comprising wear steps, which
should be prevented. By moderately changing the clear-
ance position the piston is slowly approaching the area
where there may be deposits. The positon may remove
more and more of the deposits over the total curve of
change.

[0035] Also it may take some time to remove deposits.
Hence, the scheme may define the time or the number
of piston strokes by which the temporal clearance value
is held.

[0036] In an advantageous embodiment of the VCR-
engine the control unit is adapted for inducing a piston
movement with the temporal clearance position on de-
mand.

[0037] Alternatively or additionally the control unit is
adapted for inducing at least one piston movement with
atemporal clearance position every 100-5000000 piston
strokes.

[0038] Alternatively or additionally the control unit is
adapted for inducing at least one piston movement with
a temporal clearance position every 1h - 2 months of
operating time.

[0039] The VCR engine may comprise at least two cyl-
inders, and the control unit may be adapted for inducing
a piston movement with a temporal clearance position
for a selected cylinder. The other cylinders may perform
predefined piston strokes with a preset clearance posi-
tion for providing a predefined combustion, a predefined
thermal efficiency and a predefined exhaust gas emis-
sion. The control unit may be adapted for selecting a
respective cylinder according to at least one predeter-
mined scheme.

[0040] The VCR engine may comprise at least two cyl-
inders, and the control unit may be adapted for inducing
a piston movement with a temporal clearance position
for all cylinder pistons simultaneously or for one cylinder
after the other.

[0041] The VCR engine may comprise a nhumber of
installed cylinders, the number at least three, and the
control unit may be adapted for simultaneously inducing
a piston movement with a temporal clearance position
for a number of the installed cylinders. The number may
be between two and the number of installed cylinders
minus one.

[0042] Hence, there are always cylinders performing
predefined piston strokes with a preset clearance posi-
tion.

[0043] In afavourable embodiment of the VCR engine
the control unitis adapted forinducing a piston movement
with a maximum compression ratio at each start-up
and/or shut down of the engine.
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[0044] Accordingto anadvantageous embodimentthe
VCR comprises a sensor unit for detecting a value that
gives an indication of the presence and/or thickness of
the deposits in the area above the piston.

[0045] Deposits may be responsible for a wear step
which could cause damage of the position rings.

[0046] The sensor unit may comprise an ultrasound
sensor. Alternatively an optical sensor or an electro-mag-
netically sensor for detecting a resistance or a capacity
may be included.

[0047] If a predetermined critical value of an amount
of deposit is exceeded a cleaning will be necessary.
[0048] The control unit may be adapted for inducing a
piston movement with a temporal clearance position in
dependence of the values detected by the sensor unit.
[0049] If a value is detected by the sensor unit which
corresponds to a predetermined limit for an acceptable
amount of deposits, the control unitmay induce a change
of the clearance position according to a scheme in order
to reduce the deposits on the inside surface off the cyl-
inder wall.

[0050] In a beneficial embodiment the piston is con-
nected to a piston rod and the piston is provided with the
setting unit for controlling the compression ratio. In par-
ticular the setting unit comprises or is coupled to a mech-
anism for displacing the top ring of the piston with respect
to the piston rod. Preferably the upper part of the piston
wearing the top ring is moved with respect to the lower
part of the piston and/or the piston rod.

[0051] The piston may comprise two or more parts
which are moveable with respect to each other.

[0052] The control unit may comprise or may be cou-
pled to the same mechanism for displacing the top ring
of the piston with respect to the piston rod or to a different
mechanism for adjusting the temporal clearance posi-
tion.

[0053] The position of the top ring, preferably together
with the upper part of the piston, defines the clearance
position and hence the clearance volume. The lengths
of the stroke and hence the displacement volume re-
mains the same. Thus, by displacing the top ring the com-
pression ratio may be changed.

[0054] Alternatively or additionally the piston is con-
nected to a crosshead via a pistonrod, and the crosshead
is connected to a crankshaft via a connecting rod to drive
the crankshaft.

[0055] The crosshead may be provided with a mech-
anism for controlling the compression ratio. In particular
the setting unit comprises or is coupled to a mechanism
for displacing the piston rod and/or the piston with respect
to the crosshead, for example as disclosed in
EP2687707A2.

[0056] The control unit may comprise or be coupled to
the same mechanism for displacing the piston rod and/or
the piston with respect to the crosshead or to a different
mechanism for adjusting the temporal clearance posi-
tion.

[0057] Alternatively or additionally the connecting rod
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is provided with a mechanism for controlling the com-
pression ratio. In particular the setting unit comprises or
is coupled to a mechanism for displacing the connecting
rod with respect to the crankshaft, for example as dis-
closed in EP2801713 A1. The mechanism may comprise
an eccentric tappet at the lower bearing of the at least
one connecting rod. The mechanism further may com-
prise a locking mechanism for locking the eccentric tap-
pet either to the connecting rod or to a corresponding
crank pin of the crankshaft to operate the reciprocating
piston combustion engine changeably at a first or second
compression ratio respectively.

[0058] The control unit may comprise or be coupled to
the same mechanism for displacing the connecting rod
with respect to the crankshaft or to a different mechanism
for adjusting the temporal clearance position.

[0059] Alternatively or additionally the whole piston
drive unit may be moveable to change the clearance po-
sition of the piston. The control unit and/or the setting
unit may comprise or be coupled to a mechanism for
moving the whole piston drive unit.

[0060] The present invention preferably relates to a
VCR internal combustion engine like a large marine or
ship engine or a stationary engine whose cylinders have
an inner diameter of at least 200 mm. The engine pref-
erably is a two-stroke engine or a two-stroke cross head
engine. The engine can be a diesel or a gas engine, a
dual fuel or a multi fuel engine. Burning of liquid and or
gaseous fuels in such engines is possible as well as self-
igniting or forced igniting.

[0061] The engine has at least one cylinder having a
piston therein. The piston is connected to a crankshaft.
The piston reciprocates between atop dead center (TDC)
and a bottom dead center (BDC) during operation of the
engine. The cylinder typically has atleast one air passage
opening for intake, the air inlet in particular arranged in
the liner of the cylinder, and at least one air passage
opening for exhaust, the exhaust outlet in particular ar-
ranged in the cover of the cylinder.

[0062] The internal combustion engine can be a longi-
tudinally flushed two-stroke engine.

[0063] The terminternal combustionengine alsorefers
to large engines which can be operated not only in diesel
mode, which is characterized by the self-ignition of the
fuel, but also in Otto mode, which is characterized by the
positive ignition of the fuel, or in mixtures of the two. Fur-
thermore, the term internal combustion engine includes
in particular dual-fuel engines and large engines in which
the self-ignition of the fuel is used for the positive ignition
of another fuel.

[0064] Engine speed is preferably below 800 RPM (4-
stroke) and more preferably below 200 RPM (2-stroke)
which indicates the designation of low speed engines.
[0065] Fuel canbe diesel or marine diesel oils or heavy
fuel oils or emulsions or slurries or methanol or ethanol
as well as gases like liquid natural gas (LNG) liquid petrol
gas (LPG) and so on.

[0066] Further possible fuels which might be added on
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request are: LBG (Liquified Biogas), biological Fuels (e.
g. Algae fuel or Seaweed Oil), hydrogen, synthetic fuels
from CO2 (e. g. made by Power-To-Gas or Power-To-
Liquid).

[0067] Theobjectisalsoachieved bya method for driv-
ing a variable compression ratio (VCR) engine, compris-
ing at least one cylinder with a moveable piston, adapted
to perform a predefined piston stroke within the cylinder.
The method comprises the steps of setting a preset com-
pression ratio by setting a preset clearance position, pref-
erably by a setting unit, setting at least one temporal
clearance position different from the preset clearance po-
sition, preferably by a control unit, and inducing at least
one piston movement with the temporal clearance posi-
tion.

[0068] After setting the clearance positions piston
movements are induced with the respective clearance
positions, the respective clearance volumes and the re-
spective compression ratios.

[0069] During piston movements with the temporal
clearance position the inside wall of the cylinder is
cleaned in areas which are not reached by piston move-
ments with the preset clearance position.

[0070] Finally, piston movements are again induced
with the preset clearance position.

[0071] Preferably, the piston movement with the tem-
poral clearance position is induced according to at least
one predetermined scheme. The scheme preferably de-
fines successive values of temporal clearance positions,
time intervals or numbers of strokes for holding temporal
clearance positions and/or setting cycles.

[0072] In particular the scheme defines a stepwise ris-
ing and/or lowering of temporal clearance positions.
[0073] A piston movementwith the temporal clearance
position may be induced on demand and/or after a pre-
determined number of piston strokes and/or after a pre-
determined operation time.

[0074] Forexample atleast one piston movement with
a temporal clearance position may be induced every
100-5000000 piston strokes and/or every 1h - 2 months
of operating time.

[0075] For VCR engines comprising at least two cylin-
ders the piston movement with a temporal compression
ratio may be induced for all cylinder pistons simultane-
ously or for one cylinder after the other or simultaneously
for a part of the cylinders.

[0076] Advantageously, a piston movement with a
temporal clearance position is induced at each start-up
and/or shut down of the engine.

[0077] The clearance position may be adapted by dis-
placing the top ring of the piston, preferable the upper
part of the piston comprising the top ring, of the piston
with respect to the lower part of the piston and/or the
piston rod.

[0078] The clearance position may be adapted by dis-
placing a piston rod and/or the piston with respect to a
crosshead.

[0079] The clearance position may be adapted by dis-
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placing a connecting rod with respect to a crankshaft.
[0080] In abeneficial embodiment of the method a val-
ue giving an indication of the thickness of the deposits is
detected, for example by an ultrasound sensor.

[0081] Preferably a piston movement with a temporal
clearance position is induced in dependence of values
detected by the sensor unit.

[0082] The object is achieved by a computer program
product directly loadable into the internal memory of a
digital computer comprising software code portions for
performing the steps of a method according as described
above, when said product is run on a computer. The
scheme according to which the piston movement is in-
duced may also be digitally stored in a memory.

[0083] In the following, the invention is further ex-
plained in embodiments by means of figures:

Figure 1: shows a schematic view of a first example
of a combustion engine;

Figure 2: shows a schematic view piston in a preset
clearance position;

Figure 3: shows a schematic view piston in a tempo-
ral clearance position;

Figure 4a  shows a first typical curve of a temporal
clearance position over time;

Figure 4b  shows a second typical curve of a temporal
clearance position over time.

[0084] Figure 1 shows a variable compression ratio

(VCR) engine 1 comprising a cylinder 2 with a piston 3
movably arranged within the cylinder 2. The piston 3 is
adapted to perform a predefined piston stroke within the
cylinder 2 between a top dead center and a bottom dead
center (not shown in the figure). In the figure the piston
3 is shown in an intermediate position.

[0085] The piston 3 is connected to a crosshead 7 via
a piston rod 6 and the crosshead 7 is connected to a
crankshaft 8 via a connecting rod 9 to drive the crankshaft
8.

[0086] The crosshead 7 is provided with the setting
unit 4 setting a preset compression ratio. The setting unit
4 comprises a mechanism for displacing the piston rod
6 and the piston 3 with respect to the crosshead 7.
[0087] When the positonrod 6isdisplaced with respect
to the crosshead 7 the movement range of the piston 3
within the cylinder 2 changes and the piston reaches a
different top position in the cylinder 2 (not shown in the
figure). Hence a new preset clearance position (see fig-
ure 2) may be set by the control unit 4.

[0088] The VCR-engine 1 further comprises a control
unit 5 for setting at least one temporal clearance position
(see figure 3) different from the preset clearance position
11 and for inducing at least one piston movement with
the temporal clearance position 15.

[0089] The control unit 5 is coupled to the setting unit
4. The mechanism 10 is used for adjusting the preset
clearance position and the temporal clearance position.
[0090] Alternatively the control unit 5 may be coupled
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to a different mechanism (not shown in the figure) for
adapting the temporal clearance position.

[0091] Figure 2 shows a schematic view of a VCR en-
gine 1 with a piston 3 in a preset clearance position 11.
[0092] The distance between crosshead 7 and piston
3 has been set such the piston 3 in the top position is
well below the cylinder head 12. Thus, there is an area
13 between the piston 3 and the cylinder head 12, where
the inside wall 14 of the cylinder 2 is not stripped off by
the piston 3. In this area 13 wear steps and carbonised
deposits may occur.

[0093] The VCR engine 1 may comprise a sensor unit
16 for detecting the thickness of the deposits, for example
an ultrasound sensor.

[0094] In case there is a layer of carbonised deposits
which is thicker than predetermined value the control unit
5 mayinduce the setting of atemporal clearance position.
[0095] Temporarily the clearance position may be
changed by the control unit 5 for example to a temporal
clearance position 15 as for example shown in Figure 3.
[0096] When the deposits are removed the control unit
5 may put back the clearance position to the originally
preset clearance position 11.

[0097] Figure 4a shows a first typical curve of a clear-
ance position (CP) over time (t), wherein the clearance
position is changed from a preset clearance position
(PCP) to temporal clearance position (TCP) linearly. Fig-
ure 4b shows a second typical curve of a clearance po-
sition (CP) over time (t), wherein the clearance position
is changed stepwise.

[0098] The time (t) may be measured in time units or
in number of piston strokes.

[0099] The temporal clearance position (TCP) may be
held constant for a time span t..

[0100] Thereafterthe clearance positionis lowered, for
example linearly as shown in figure 4a or stepwise as
shown in figure 4b.

[0101] The clearance position may return to the preset
clearance position (PCP) it held before the increase or
to a different value, as indicated in Figure 4a with dotted
lines. Thus a new preset clearance position can be cho-
sen.

[0102] The clearance position typically may be
changed in a range of 20 to 200mm.

Claims

1. Variable compression ratio (VCR) engine (1), com-
prising at least one cylinder (2) with a piston (3) mov-
ably arranged within the cylinder (2), adapted to per-
form a predefined piston stroke within the cylinder
(2), and a setting unit (4) for setting a preset com-
pression ratio by setting a preset clearance position
(11), wherein the VCR-engine (1) is a large vessel
engine with at least one cylinder having an inner di-
ameter of at least 200mm, preferably a two-stroke
engine or a two-stroke cross head engine, more pref-
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erably a dual fuel or a multi fuel engine,
characterized in that

the VCR-engine (1) further comprises a control
unit (5) for setting at least one temporal clear-
ance position (15) differentfrom the presetclear-
ance position (11) and for inducing at least one
piston movement with the temporal clearance
position (15) according to at least one predeter-
mined scheme to remove deposits of carbon
material having built up at the inner wall of the
cylinder, wherein

the control unit (5) is adapted for inducing a pis-
ton movement with a temporal clearance posi-
tion (15)

- every 100-5000000 piston strokes and on
demand or

- every 1h - 2 months of operating time and
on demand and wherein the scheme induc-
es arepeated setting of a pis-ton movement
with a temporal clearance position corre-
sponding to a smaller clearance volume as
compared to the preset clearance position.

2. Variable compression ratio (VCR) engine according
to claim 1, wherein the control unit (5)is adapted for
inducing at least one piston movement with a tem-
poral clearance position (15) according to at least
one predetermined scheme, the scheme preferably
defining successive values of temporal clearance
positions (15), time intervals for holding temporal
clearance positions (15) and/or setting cycles.

3. Variable compression ratio (VCR) engine according
to one of the preceding claims, wherein the VCR
engine (1) comprises at least two cylinders (2), and
the control unit (5) is adapted for inducing a piston
movement with a temporal clearance position (15)
for a selected cylinder;
or

wherein the VCR engine (1) comprises at least
two cylinders (2), and the control unit (5) is
adapted for inducing a piston movement with a
temporal clearance position (15) for all cylinder
pistons (3) simultaneously

or

for one cylinder (2) after the other;

or

wherein the VCR engine (1) comprises a
number of installed cylinders (2), the number at
least three, and the control unit (5) is adapted
for simultaneously inducing a piston movement
with a temporal clearance position (15) for two
to the number minus one installed cylinders (2).

4. Variable compression ratio (VCR) engine according
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to one of the preceding claims, wherein the control
unit (5) is adapted for inducing a piston movement
with temporal clearance position (15), preferably
with a maximum compression ratio, at each start-up
and/or shut down of the engine.

Variable compression ratio (VCR) engine according
to one of the preceding claims, wherein the VCR
engine (1) comprises a sensor unit (16) for detecting
a value that gives an indication of the thickness of
the deposits, for example an ultrasound sensor.

Variable compression ratio (VCR) engine according
to claim 5, wherein the control unit is adapted for
inducing a piston movement with a temporal clear-
ance position (15) in dependence of the values de-
tected by the sensor unit (16).

Variable compression ratio (VCR) engine according
to one of the preceding claims,

wherein the piston (3) is connected to a piston
rod (6) and the piston (3) is connected to the
setting unit (4) for controlling the compression
ratio, the piston (3) in particular comprises a
mechanism for displacing a top ring of the piston
(3) with respect to the piston rod (6);

or

wherein the piston (3) is connected to a cross-
head (7) via a piston rod (6), and the crosshead
(7) is connected to a crankshaft (8) via a con-
necting rod (9) to drive the crankshaft (8), and
wherein

the crosshead (7) is connected to the setting unit
(4) for controlling the compression ratio, the
crosshead (7) in particular comprises a mecha-
nism (10) for displacing the piston rod (6) and/or
the piston (3) with respect to the crosshead (7);
or

wherein the piston (3) is connected to a cross-
head (7) via a piston rod (6), and the crosshead
(7) is connected to a crankshaft (8) via a con-
necting rod (9) to drive the crankshaft (8), and
wherein

the connecting rod (9) is connected to the setting
unit (4) for controlling the compression ratio, the
connecting rod (9) in particular comprises a
mechanism for displacing the connecting rod (6)
with respect to the crankshaft (8), for example
an eccentric tappet at the lower bearing of the
at least one connecting rod and comprising a
locking mechanism for locking the eccentric tap-
pet either to the connecting rod or to a corre-
sponding crank pin of the crankshaft to operate
the VCR-engine changeably at a first or second
compression ratio respectively.

8. Method for driving a variable compression ratio
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10.

1.

12.

13.

14.

(VCR) engine, comprising at least one cylinder (2)
with a moveable piston (3), adapted to perform a
predefined piston stroke within the cylinder (2), com-
prising the steps of

- setting a preset compression ratio by setting a
preset clearance position (11),

- setting atleast one temporal clearance position
(15) different from the preset clearance position
(11) and

- inducing piston movements with the temporal
clearance position (15)

- removing deposits of carbon material having
built up at the inner wall of the cylinder.

Method according to claim 8, wherein the piston
movement with the temporal clearance position is
induced according to at least one predetermined
scheme, the scheme preferably defining successive
values of temporal clearance positions, time inter-
vals for holding temporal clearance positions (15)
and/or setting cycles.

Method according to claim 8 or 9, wherein a piston
movement with the temporal clearance position (15)
is induced

- on demand and/or
- every 100-5000000 piston strokes and/or
- every 1h - 2 months of operating time

Method according to claim 8 to 10, wherein the VCR
engine comprises at least two cylinders (2), and the
piston movement with a temporal clearance position
is induced for all cylinder pistons simultaneously

or

for one cylinder after the other or
simultaneously for a part of the cylinders (2).

Method according to one of claims 8 to 11, wherein
the piston movement with a temporal clearance po-
sition (15) is induced at each start-up and/or shut
down of the engine.

Method according to one of claims 8 to 12, wherein
the clearance position is adapted by

- displacing a top ring of the piston with respect
to a piston rod, and/or

- displacing a piston rod and/or the piston with
respect to a crosshead and/or

- displacing a connecting rod with respect to a
crankshaft.

Computer program product directly loadable into the
internal memory of a digital computer comprising
software code portions for performing the steps of a
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method according to one of claims 8-13, when said
product is run on a computer.

Patentanspriiche

1.

Motor (1) mit variablem Verdichtungsverhaltnis
(VCR), umfassend mindestens einen Zylinder (2) mit
einem in dem Zylinder (2) beweglich angeordneten
Kolben (3), der einen vordefinierten Kolbenhub in
dem Zylinder (2) ausfiihren kann, und eine Einstel-
leinheit (4) zum Einstellen eines voreingestellten
Verdichtungsverhaltnisses durch Einstellen einer
voreingestellten Abstandsposition (11), wobei der
VCR-Motor (1) ein grofRer Schiffsmotor mit mindes-
tens einem Zylinder mit einem Innendurchmesser
von mindestens 200 mm ist, vorzugsweise ein Zwei-
taktmotor oder ein Zweitakt-Kreuzkopfmotor, beson-
ders bevorzugt ein Zweistoff- oder Mehrstoffmotor,
dadurch gekennzeichnet, dass

der VCR-Motor (1) ferner eine Steuereinheit (5)
zum Einstellen mindestens einer von der vor-
eingestellten Abstandsposition (11) abweichen-
den temporaren Abstandsposition (15) und zum
Einleiten mindestens einer Kolbenbewegung
mit der temporaren Abstandsposition (15) ge-
mafl mindestens einem vorbestimmten Schema
zum Entfernen von Ablagerungen von Kohlen-
stoffmaterial, das sich an der Innenwand des
Zylinders gebildet hat, umfasst, wobei

die Steuereinheit (5) geeignet ist, eine Kolben-
bewegung mit einer temporaren Abstandsposi-
tion (15) einzuleiten

- alle 100-5000000 Kolbenhtibe und auf An-
forderung

oder

- alle 1h - 2 Monate der Betriebszeit und auf
Anforderung und wobei das Schema eine
wiederholte Einstellung einer Kolbenbewe-
gung mit einer temporaren Abstandspositi-
on induziert, die einem kleineren Totraum-
volumen im Vergleich zu der voreingestell-
ten Abstandsposition entspricht.

Motor mit variablem Verdichtungsverhaltnis (VCR)
nach Anspruch 1, wobei die Steuereinheit (5) dazu
eingerichtet ist, mindestens eine Kolbenbewegung
mit einer temporaren Abstandsposition (15) nach
mindestens einem vorgegebenen Schema zu indu-
zieren, wobei das Schema vorzugsweise aufeinan-
derfolgende Werte temporarer Abstandspositionen
(15), Zeitintervalle zum Halten temporarer Abstand-
spositionen (15) und/oder Einstellzyklen definiert.

Motor mit variablem Verdichtungsverhaltnis (VCR-
Motor) nach einem der vorhergehenden Anspriiche,

10

15

20

25

30

35

40

45

50

55

wobei der VCR-Motor (1) mindestens zwei Zylinder
(2) aufweist und die Steuereinheit (5) dazu einge-
richtet ist, eine Kolbenbewegung mit einer tempora-
ren Abstandsposition (15) fiir einen ausgewahlten
Zylinder einzuleiten;

oder

wobei der VCR-Motor (1) mindestens zwei Zy-
linder (2) umfasst, und die Steuereinheit (5) da-
zu ausgelegt ist, eine Kolbenbewegung mit ei-
ner temporaren Abstandsposition (15) fur alle
Zylinderkolben (3) gleichzeitig

oder

fur einen Zylinder (2) nacheinander;

oder

wobei der VCR-Motor (1) eine Anzahl von ein-
gebauten Zylindern (2) umfasst, wobei die An-
zahl mindestens drei betragt, und die Steuerein-
heit (5) angepasst ist, um gleichzeitig eine Kol-
benbewegung mit einer temporaren Abstands-
position (15) fir zwei bis zu der Anzahl der ein-
gebauten Zylinder (2) minus einem einzuleiten.

Motor mit variablem Verdichtungsverhaltnis (VCR)
nach einem der vorhergehenden Anspriiche, wobei
die Steuereinheit (5) dazu eingerichtet ist, bei jedem
An- und/oder Abstellen des Motors eine Kolbenbe-
wegung mit temporarer Abstandsposition (15), vor-
zugsweise mit maximalem Verdichtungsverhaltnis,
einzuleiten.

Motor mit variablem Verdichtungsverhaltnis (VCR-
Motor) nach einem der vorhergehenden Anspriiche,
wobei der VCR-Motor (1) eine Sensoreinheit (16)
zur Erfassung eines Wertes aufweist, der eine Aus-
sage Uber die Dicke der Ablagerungen gibt, bei-
spielsweise einen Ultraschallsensor.

Motor mit variablem Verdichtungsverhaltnis (VCR-
Motor) nach Anspruch 5, wobei die Steuereinheit da-
zu eingerichtet ist, in Abhangigkeit von den von der
Sensoreinheit (16) erfassten Werten eine Kolbenbe-
wegung mit einer temporaren Abstandsposition (15)
einzuleiten.

Motor mit variablem Verdichtungsverhaltnis (VCR)
nach einem der vorhergehenden Anspriiche,

wobei der Kolben (3) mit einer Kolbenstange (6)
verbunden ist und der Kolben (3) mit der Ein-
stelleinheit (4) zur Steuerung des Verdichtungs-
verhaltnisses verbunden ist, der Kolben (3) ins-
besondere einen Mechanismus zur Verschie-
bung eines oberen Rings des Kolbens (3) ge-
genuber der Kolbenstange (6) aufweist;

oder

wobei der Kolben (3) Uber eine Kolbenstange
(6) mit einem Kreuzkopf (7) verbunden ist, und
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der Kreuzkopf (7) Uber eine Pleuelstange (9) mit
einer Kurbelwelle (8) zum Antrieb der Kurbel-
welle (8) verbunden ist, und wobei

der Kreuzkopf (7) mit der Einstelleinheit (4) zur
Steuerung des Verdichtungsverhaltnisses ver-
bunden ist, wobei der Kreuzkopf (7) insbeson-
dere einen Mechanismus (10) zur Verschiebung
der Kolbenstange (6) und/oder des Kolbens (3)
gegenuiber dem Kreuzkopf (7) aufweist;

oder

wobei der Kolben (3) Gber eine Kolbenstange
(6) mit einem Kreuzkopf (7) verbunden ist, und
der Kreuzkopf (7) Uber eine Pleuelstange (9) mit
einer Kurbelwelle (8) verbunden ist, um die Kur-
belwelle (8) anzutreiben, und wobei

die Pleuelstange (9) mit der Einstelleinheit (4)
zur Steuerung des Verdichtungsverhaltnisses
verbunden ist, wobei die Pleuelstange (9) ins-
besondere einen Mechanismus zur Verschie-
bung der Pleuelstange (6) gegentiber der Kur-
belwelle (8) aufweist, beispielsweise einen Ex-
zenterstdRel am unteren Lager der mindestens
einen Pleuelstange, und mit einem Verriege-
lungsmechanismus zum Verriegeln des Exzen-
terstoRels entweder an der Pleuelstange oder
an einem entsprechenden Kurbelzapfen der
Kurbelwelle, um den VCR-Motor wechselweise
mit einem ersten bzw. zweiten Verdichtungsver-
haltnis zu betreiben.

Verfahren zum Antreiben eines Motors mit variablem
Verdichtungsverhaltnis (VCR), der mindestens ei-
nen Zylinder (2) mit einem beweglichen Kolben (3)
aufweist, der einen vordefinierten Kolbenhub in dem
Zylinder (2) ausfiuhren kann, mit den Schritten

- Einstellen eines voreingestellten Verdich-
tungsverhaltnisses durch Einstellen einer vor-
eingestellten Abstandsposition (11),

- Einstellen mindestens einer temporaren Ab-
standsposition (15), die sich von der voreinge-
stellten Abstandsposition (11) unterscheidet,
und

- Einleiten von Kolbenbewegungen mit der tem-
poraren Abstandsposition (15)

- Entfernen von Ablagerungen von Kohlenstoff-
material, das sich an der Innenwand des Zylin-
ders gebildet hat.

Verfahren nach Anspruch 8, wobei die Kolbenbewe-
gung mit der temporaren Abstandsposition nach
mindestens einem vorgegebenen Schema eingelei-
tet wird, wobei das Schema vorzugsweise aufeinan-
derfolgende Werte temporarer Abstandspositionen,
Zeitintervalle zum Halten temporarer Abstandsposi-
tionen (15) und/oder Einstellzyklen definiert.

10. Verfahren nach Anspruch 8 oder 9, wobei eine Kol-
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1.

12.

13.

14.

benbewegung mit der temporaren Abstandsposition
(15) eingeleitet wird

- auf Anforderung und/oder
- alle 100-5000000 Kolbenhiibe und/oder
- alle 1h - 2 Monate der Betriebszeit.

Verfahren nach Anspruch 8 bis 10, wobei der VCR-
Motor mindestens zwei Zylinder (2) aufweist, und die
Kolbenbewegung mit temporarer Abstandsposition
fur alle Zylinderkolben gleichzeitig eingeleitet wird

fur alle Zylinderkolben gleichzeitig

oder

fir einen Zylinder nach dem anderen oder
gleichzeitig fur einen Teil der Zylinder (2).

Verfahren nach einem der Anspriiche 8 bis 11, wobei
die Kolbenbewegung mit einertemporaren Abstand-
sposition (15) bei jedem An- und/oder Abstellen des
Motors eingeleitet wird.

Verfahren nach einem der Anspriiche 8 bis 12, wobei
die Abstandsposition angepasst wird durch

O Verschieben eines oberen Ringes des Kol-
bens gegeniber einer Kolbenstange, und/oder
O Verschieben einer Kolbenstange und/oder
des Kolbens in Bezug auf einen Kreuzkopf
und/oder

O Verschieben einer Pleuelstange gegeniiber
einer Kurbelwelle.

Computerprogrammprodukt, das direkt in den inter-
nen Speicher eines Digitalcomputers geladen wer-
den kann und Softwarecodeabschnitte zur Durch-
fuhrung der Schritte eines Verfahrens nach einem
der Anspriiche 8-13 enthélt, wenn das Produkt auf
einem Computer ausgefuhrt wird.

Revendications

Moteur a taux de compression variable (VCR) (1),
comprenant au moins un cylindre (2) avec un piston
(3) disposé de maniére mobile a l'intérieur du cylin-
dre (2), adapté pour effectuer une course de piston
prédéfinie a l'intérieur du cylindre (2), et une unité
de réglage (4) pour régler un taux de compression
prédéfini en réglant une position de distance prédé-
finie (11), dans lequel le moteur VCR (1) est un mo-
teur de gros navire avec au moins un cylindre ayant
un diamétre intérieur d’au moins 200 mm, de préfé-
rence un moteur a deux temps ou un moteur a deux
temps a téte croisée, plus préférentiellement un mo-
teur a deux carburants ou un moteur a plusieurs car-
burants,

caractérisé par le fait que
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le moteur VCR (1) comprend en outre une unité
de commande (5) pour régler au moins une po-
sition de distance temporelle (15) différente de
la position de distance temporelle prédéfinie
(11) et pour induire au moins un mouvement de
piston avec la position de distance temporelle
(15) selon au moins un schéma prédéterminé
pour éliminer les dépdts de matiére carbonée
qui se sont accumulés sur la paroi intérieure du
cylindre, dans lequel

I'unité de commande (5) est adaptée pour indui-
re un mouvement de piston avec une position
de distance temporelle (15)

- tous les 100-5000000 coups de piston et
sur demande

ou

- toutes les 1h - 2 mois de fonctionnement
et sur demande et dans lequel le schéma
induit un réglage répété d’'un mouvement
de pis-ton avec une position temporelle de
dégagement correspondanta un volume de
distance plus petit par rapport a la position
de dégagement préréglée.

Moteur a taux de compression variable (VCR) selon
la revendication 1, dans lequel I'unité de commande
(5) estadaptée pour induire au moins un mouvement
de piston avec une position de distance temporelle
(15) selon au moins un schéma prédéterminé, le
schéma définissant de préférence des valeurs suc-
cessives de positions de distance temporelle (15),
des intervalles de temps pour le maintien des posi-
tions de distance temporelle (15) et/ou des cycles
de réglage.

Moteur a taux de compression variable (VCR) selon
'une des revendications précédentes, dans lequel
le moteur VCR (1) comprend au moins deux cylin-
dres (2), etl'unité de commande (5) est adaptée pour
induire un mouvement de piston avec une position
de distance temporelle (15) pour un cylindre
sélectionné ;

ou

dans lequel le moteur VCR (1) comprend au
moins deux cylindres (2), et I'unité de comman-
de (5) est adaptée pour induire un mouvement
de piston avec une position de distance tempo-
relle (15)

pour tous les pistons du cylindre (3) simultané-
ment

ou

pour un cylindre (2) apres l'autre ;

ou

danslequelle moteur VCR (1) comprend un cer-
tain nombre de cylindres installés (2), le nombre
au moins trois, et 'unité de commande (5) est
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10

adaptée pour induire simultanément un mouve-
ment de piston avec une position de distance
temporelle (15) pour deux au nombre moins un
des cylindres installés (2).

Moteur a taux de compression variable (VCR) selon
'une des revendications précédentes, dans lequel
I'unité de commande (5) est adaptée pour induire un
mouvement de piston avec une position de distance
temporelle (15), de préférence avec un taux de com-
pression maximal, a chaque démarrage et/ou arrét
du moteur.

Moteur a taux de compression variable (VCR) selon
'une des revendications précédentes, dans lequel
le moteur VCR (1) comprend une unité de détection
(16) d’'une valeur donnant une indication de I'épais-
seur des dépdts, par exemple un capteur a ultra-
sons.

Moteur a taux de compression variable (VCR) selon
larevendication 5, dans lequel I'unité de commande
est adaptée pour induire un mouvement du piston
avec une position de distance temporelle (15) en
fonction des valeurs détectées par I'unité de capteur
(16).

Moteur a taux de compression variable (VCR) selon
I'une des revendications précédentes,

dans lequel le piston (3) est relié a une tige de
piston (6) et le piston (3) est relié a I'unité de
réglage (4) pour contrbler le taux de compres-
sion, le piston (3) comprend en particulier un
mécanisme pour déplacer un segment supé-
rieur du piston (3) par rapport a la tige de piston
(6);

ou

dans lequel le piston (3) est relié a une traverse
(7) par l'intermédiaire d’une tige de piston (6),
et la traverse (7) est reliée a un vilebrequin (8)
par l'intermédiaire d’une bielle (9) pour entrainer
le vilebrequin (8), et dans lequel la traverse (7)
est reliée a I'unité de réglage (4) pour controler
le taux de compression, la traverse (7) com-
prend en particulier un mécanisme (10) pour dé-
placer la tige de piston (6) et/ou le piston (3) par
rapport a la traverse (7);

ou

dans lequel le piston (3) est relié a une traverse
(7) par l'intermédiaire d’une tige de piston (6),
et la traverse (7) est reliée a un vilebrequin (8)
par l'intermédiaire d’une bielle (9) pour entrainer
le vilebrequin (8), et dans lequel la bielle (9) est
reliée a 'unité de réglage (4) pour contrbler le
taux de compression, la bielle (9) comprend en
particulier un mécanisme pour déplacer la bielle
(6) par rapport au vilebrequin (8), par exemple
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un poussoir excentrique au niveau du palier in-
férieur de la bielle au moins, et comprend un
mécanisme de verrouillage pour verrouiller le
poussoir excentrique soit a la bielle, soit a un
maneton correspondant du vilebrequin pour fai-
re fonctionner le moteur VCR de maniére varia-
ble a un premier ou a un second taux de com-
pression, respectivement.

Méthode de pilotage d’'un moteur a taux de compres-
sion variable (VCR), comprenant au moins un cylin-
dre (2) avec un piston mobile (3), adapté pour effec-
tuer une course de piston prédéfinie a I'intérieur du
cylindre (2), comprenant les étapes suivantes

- définir un taux de compression prédéfini en
définissant une position de distance prédéfinie
(11),

- définir au moins une position de distance tem-
porelle (15) différente de la position de jeu pré-
définie (11), et

- induire des mouvements de piston avec la po-
sition de distance temporelle (15)

- éliminer les dépbts de carbone qui se sont for-
més sur la paroi intérieure du cylindre.

Procédé selon la revendication 8, dans lequel le
mouvement du piston avec la position de distance
temporelle est induit selon au moins un schéma pré-
déterminé, le schéma définissant de préférence les
valeurs successives des positions de distance tem-
porelle, les intervalles de temps pour maintenir les
positions de distance temporelle (15) et/ou les cycles
de réglage.

Procédé selon la revendication 8 ou 9, dans lequel
le mouvement du piston avec la position de distance
temporelle (15) est induit

- a la demande et/ou
- tous les 100-5000000 coups de piston et/ou
- toutes les heures - 2 mois de fonctionnement.

Procédé selon la revendication 8 a 10, dans lequel
le moteur VCR comprend au moins deux cylindres
(2), etle mouvement du piston avec une position de
distance temporelle est induit

pour tous les pistons des cylindres simultané-
ment

ou

pour un cylindre apres l'autre ou
simultanément pour une partie des cylindres (2).

Procédé selon 'une des revendications 8 a 11, dans
lequel le mouvement de piston avec une position de
distance temporelle (15) est induit a chaque démar-
rage et/ou arrét du moteur.

10

15

20

25

30

35

40

45

50

55

1"

13. Procédé selon'une des revendications 8 a 12, dans

lequel la position de distance est adaptée en

O en déplacant un segment supérieur du piston
par rapport a une tige de piston, et/ou

D en déplacant une tige de piston et/ou le piston
par rapport a une traverse et/ou

[0 en déplagant une bielle par rapport a un vile-
brequin.

14. Produit programme d’ordinateur directement char-

geable dans la mémoire interne d’un ordinateur nu-
mérique comprenant des portions de code logiciel
pour I'exécution des étapes d’'un procédé selon 'une
des revendications 8 a 13, lorsque ledit produit est
exécuté sur un ordinateur.
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