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(57) ABSTRACT

An internal combustion engine with an open-loop or closed-
loop control device (2), wherein at least one combustion
chamber (3) of the internal combustion engine (1) is
designed to burn a fuel-air mixture using at least one com-
bustion parameters that can be influenced by the open-loop
or closed-loop control device (2), wherein the open-loop or
closed-loop control device (2) has an emission control loop
that is configured to actuate the at least one actuator that
influences the at least one combustion parameter as a sub-
stitute parameter for NOx emissions by means of a func-
tional relationship in such way that at last one combustion
parameter can be set for each target or actual power rating of
the internal combustion engine (1), wherein the functional
relationship takes account of an influence of a change of the
exhaust backpressure (p3”) affecting at least one combustion
chamber (3).
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INTERNAL COMBUSTION ENGINE AND
METHOD FOR OPERATING AN INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Applica-
tion No. 17/436,064, filed on Sep. 2, 2021, entitled “INTER-
NAL COMBUSTION ENGINE AND METHOD FOR
OPERATING AN INTERNAL COMBUSTION ENGINE”,
which is a National Stage entry from, and claims benefit of,
PCT Application No. PCT/AT2019/060070, filed on Mar. 4,
2019; entitled “INTERNAL COMBUSTION ENGINE
AND METHOD FOR OPERATING AN INTERNAL
COMBUSTION ENGINE”, which are herein incorporated
by reference in their entirety.

BACKGROUND

[0002] This invention relates to an internal combustion
engine and a process for the closed-loop or open-loop con-
trol of an internal combustion engine.

[0003] A closed-loop control strategy for an internal com-
bustion engine is known from EP 0259382 B1 where, as a
function of a measured actual power rating for an internal
combustion engine, a target value for charge pressure can be
established. By means of a first control loop (charge pres-
sure controller), and with a target-actual variance check, the
actual value for charge pressure can be adjusted to match the
target value for charge pressure. This target value for charge
pressure is connected to a defined target value for NO, emis-
sions. Since the NO, emission level is not known directly,
the charge pressure is used as an auxiliary control parameter.
The functional relationship takes the form of a set of curves
in which each curve in relation to a given NO, value indi-
cates the relationship between actual power and the target
value for charge pressure. To this extent, the charge pressure
controller is really an emission control loop in relation to the
NO, emissions (NO, emission control loop).

[0004] The Lambda value is set in response to a gas dis-
pensing unit. A change to the Lambda value would have an
impact on the performance rating of the internal combustion
engine, which then needs to be balanced out by a second
control loop (power control loop). This balancing of the
power control loop is performed by the actuators that
directly influence the charge pressure (for example, by the
throttle valve, a wastegate, a variable turbine geometry, a
compressor bypass line, a variable valve drive or similar).
Therefore, charge pressure is controlled directly by the com-
bustion air ratio (Lambda value). This control strategy is
known as LEANOX controller.

[0005] Accordingly, therefore the functional relationship
between the charge pressure prevailing upstream of the
engine intake valves that is relatively easy to measure and
the engine power is used to control the NO, emission level.
[0006] In that respect, the charge pressure measuring out-
put is connected to an actual input on the first control loop.
In the first control loop on EP 0259382 B1 (charge pressure
controller), a programmable unit is arranged for determining
a power-dependent target value for the charge pressure from
the power measuring signal output, which is delivered by
the power measuring device.

[0007] In that respect, closed-loop control of the charge
pressure takes place indirectly using the closed-loop control
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of the combustion air ratio (Lambda value) in the air-gas
mixer in which, for example, making the mixture more
lean (increasing the Lambda value) causes an increase in
charge pressure upstream of the intake valves (when
requesting constant engine power).

[0008] The above describes the cascaded form of the
LEANOX controller. It is also possible to perform both
closed-loop control interventions concurrently (see EP
2977596 B1 for details). This invention can be used for
both forms of the LEANOX controller

[0009] An alternative involves using cylinder pressure
instead of charge pressure as a closed-loop control para-
meter. By way of example, this is described in EP
2910755 Bl. The invention can also be used on a closed-
loop control system of this kind.

[0010] Further known embodiments from the state of the
art are disclosed by the documents US 2018/135541 A1, US
2003/127079 Al, US 2006/288701 Al or US 2014/174073
Al.

[0011] Difficulties are that the closed-loop control system
for controlling emissions known from the prior art does not
take account of the influence of exhaust backpressure, which
can yield unfavorable emission characteristics.

[0012] If, for example, a bypass valve for an exhaust tur-
bine of a turbocharger (also known as a wastegate) is closed
in an exhaust pipe, exhaust backpressure rises in the com-
bustion chamber, which causes an increase in NO,
emissions.

[0013] The familiar closed-loop control strategies, there-
fore, do not recognise any change in NO, emissions caused
by a change in exhaust backpressure. Consequently, NO,
emissions increase, which has an adverse impact on the
emission target values to be achieved, and, of course, on
the long-term observation of the NO, emissions of an inter-
nal combustion engine.

BRIEF DESCRIPTION

[0014] The aim of this invention is to provide an internal
combustion engine and a process for operating an internal
combustion engine with a - compared to the prior art - tech-
nically improved open-loop or closed-loop control device or
strategy capable of avoiding undesirable increases in NO,
emissions in response to a change in exhaust backpressure.
[0015] This task is resolved by an internal combustion
engine with an open-loop or closed-loop control device as
described and claimed herein.

[0016] This is accomplished by the open-loop or closed-
loop control unit having an emission control loop that is
configured to actuate the at least one actuator that influences
the at least one combustion parameter as a substitute para-
meter for NOx emissions by means of a functional relation-
ship in such way that at least one combustion parameter can
be set for each target power or actual power rating of the
internal combustion engine, wherein the functional relation-
ship defines the charge pressure based on the desired value
for the power, the NO, emissions and a given level of
exhaust backpressure and is saved in the open-loop or
closed-loop control unit, wherein the functional relationship
takes account of an influence of a change of the exhaust
backpressure acting on the at least one combustion chamber.
[0017] So, as the functional relationship takes account of
the influence of a change in the exhaust backpressure acting
on the at least one combustion chamber, when performing
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open-loop or closed-loop control of the internal combustion
engine, the most favorable open-loop or closed-loop inter-
vention in relation to emissions and/or efficiency rating can
be made.

[0018] This invention can help to counteract uncontrolled
change in NO, emissions resulting from a change in exhaust
backpressure, even before a change in NO, emissions
occurs. Consequently, it is possible to comply with the
NO, emission levels stipulated by law at all times.

[0019] This applies, in particular, to what is known as the
NO, average value for the NO, proportion of exhaust gases
at an outlet point on the internal combustion engine. This
average NO, value for the NO, proportion of exhaust
gases in most cases is a value stipulated by law with which
the internal combustion engine is required to comply within
a specified period of time.

[0020] This invention also enables an internal combustion
engine to operate as close as possible to the stipulated NO,
emission limits without having NO, closed-loop control
reserves that compensate an unwanted intermediate increase
in NO, emissions. Consequently, the internal combustion
engine can also be operated at a higher power rating or at
a higher efficiency rating.

[0021] Basically, in relation to the way fuel is delivered to
at least one combustion chamber in the internal combustion
engine, two types of procedures are known. The first type
comprises air charged combustion engines with fuel deliv-
ery to individual cylinders (e.g., using port injection valves).
The second type are mixture-charged combustion engines.
This invention can be used for both types of internal com-
bustion engines.

[0022] Advantageous embodiments of this invention are
defined in the dependent claims.

[0023] Preferably it is provided that the open-loop or
closed-loop control device is configured to change the
bypass valve of the compressor when the bypass valve is
adjusted, such that the NO, emissions can be maintained at
a constant level.

[0024] It can be provided that the functional relationship
takes account of an influence by an adjustment of the at least
one actuator influencing the exhaust backpressure acting on
at least one combustion chamber.

[0025] Preferably, it is provided that when the exhaust
backpressure increases, due account is taken of the func-
tional relationship in such way that the emission control
loop sets a leaner fuel-air mixture compared to the previous
operating point by changing the combustion parameter.
[0026] Making the fuel-air mixture more lean is a measure
known by the prior art, during which the combustion air
ratio increases. As is known, this can be achieved by redu-
cing the delivery of fuel or by increasing the charge pressure
or the delivery of air.

[0027] Preferably, it can be provided that when the
exhaust backpressure increases, due account is taken of the
functional relationship in such way that the emission control
loop adjusts the ignition to a later time compared to the prior
operating point by changing the combustion parameter.
[0028] Postponing the ignition time reduces the peak
cylinder temperature, which in turn leads to a reduction in
NO, emissions.

[0029] Preferably, it is provided that when the exhaust
backpressure increases, due account is taken of the func-
tional relationship in such way that the emission control
loop sets a lower fill level relative to the previous operating
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point in at least one combustion chamber by changing the
combustion parameter.

[0030] Of course, opposing measures can be taken if the
exhaust backpressure decreases. Accordingly, by way of
example, it is possible to take measures if exhaust backpres-
sure reduces, for example, to maintain the NO, emission
level as constant as possible at a given power rating.

[0031] It is known that the intake valves on an internal
combustion engine should be closed before the piston in
the engine air intake reaches its lower dead centre (early
Miller process). In an alternative process, the intake valves
in the compression cycle are closed once the cylinder
reaches its maximum fill level (late Miller process). This
can, for example, be facilitated by a variable valve drive
that permits variable actuating characteristics on the intake
valves.

[0032] An early Miller process with modified actuating
characteristics for the intake valves in favor of a reduced
fill level can result in the following outcomes:

[0033] to achieve constant power, the energy introduced
into the combustion chamber must be maintained at an
almost constant level, which means that charge pres-
sure must rise

[0034] in response to expansion and/or the reduced
effective compression, the cylinder charge temperature
decreases at the time of ignition resulting in lower NO,
emissions.

[0035] The Miller process for setting a fill level in at least
one combustion chamber can, for example, be performed by
a variable valve drive.

[0036] A variable valve drive is frequently used because
this way an internal combustion engine can be operated at
different operating points at the most favorable efficiency
rating. It is also known for a variable valve drive to be
used to control power, for example, by implementing opera-
tion without a throttle valve.

[0037] A change in the operating characteristics of an
intake value causes a change in the delivery level (fill
level) and therefore of the mass throughput of the internal
combustion engine.

[0038] A power control loop is configured to match an
actual power rating of an internal combustion engine to a
target rating of that combustion engine.

[0039] Based on the assumption of constant power and
constant NO, emissions, charge pressure must be increased
for actuating characteristics with a lower fill level, but not so
far that the same fuel-air ratio is established as there is a
stronger cooling effect of the cylinder charge.

[0040] It is possible for the at least one combustion para-
meter that can be influenced by the open-loop or closed-loop
control device to include a combustion air ratio. The com-
bustion air ratio is also known by the synonyms of excess air
coefficient, Lambda value or air ratio.

[0041] For influencing the combustion air ratio by the
open-loop or closed-loop control device,

[0042] a charge pressure setting,

[0043] a fuel injection volume setting in at least one
combustion chamber and/or

[0044] a mix ratio setting for the fuel-air mixture (e.g.
by a gas mixer) can be performed.

[0045] Preferably, it is provided that the at least one com-
bustion parameter that can be influenced by the open-loop or
closed-loop control device includes a charge pressure. A
particular preference here is for the open-loop or closed-
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loop control device to establish a corresponding combustion
air ratio by:

[0046] setting an injection quantity for fuel in at last one

combustion chamber and/or by
[0047] setting a mix ratio for the fuel-air mixture when
influencing the charge pressure.

[0048] Tt is possible for the at least one combustion para-
meter that can be influenced by the open-loop or closed-loop
control device to include a time of ignition. This time of
ignition can, for example, be moved by corresponding
actuation of a spark plug.
[0049] Preferably, it can be provided that the open-loop or
closed-loop control device is configured to actuate the
actuator that influences the at least one combustion para-
meter to bring about a change in a fill level in the at least
one combustion chamber, preferably by adjusting at least
one variable valve drive.
[0050] Tt can be provided that the actuator that influences
the at least one combustion parameter is designed as a throt-
tle valve.
[0051] Preferably, the open-loop or closed-loop control
device is designed to actuate the actuator that influences
the at least one combustion parameter in order to bring
about an adjustment of an amount of fuel directed to at
least one combustion chamber and/or of an injection time
for the fuel directed to at least one combustion chamber,
preferably by actuating at least one port injection valve.
[0052] For example, it can be provided that the open-loop
or closed-loop control device is designed to actuate the
actuator that influences at least one combustion parameter
in order to perform a setting of a charge pressure, preferably
by adjusting a bypass valve for a compressor and/or a vari-
able compressor geometry of at least one compressor.
Bypass valves for a compressor are also known as compres-
sor bypass valves.
[0053] Tt can be provided that the open-loop or closed-
loop control device for determining a change of the exhaust
backpressure acting on at least one combustion chamber
takes account of an adjustment of at least one actuator that
influences the exhaust backpressure acting on the at least
one combustion chamber.
[0054] Preferably, it is provided that the at least one actua-
tor that influences the exhaust backpressure acting on the
combustion chamber includes a bypass valve for an exhaust
turbine on a turbocharger. Bypass valves for an exhaust tur-
bine of a turbocharger are also known as wastegates.
[0055] Preferably, it is provided that the at least one actua-
tor that influences the exhaust backpressure acting on the
one combustion chamber includes a variable turbine geome-
try appendant to an exhaust turbine.
[0056] Tt is possible for the at least one actuator that influ-
ences the exhaust backpressure acting on the combustion
chamber to include a bypass valve for a catalytic converter
arranged upstream of an exhaust turbine of a turbocharger.
[0057] Catalytic converters arranged before an exhaust
turbine of a turbocharger of this kind are known by the
prior art as PTCC converters (Pre-Turbo Charger Catalyst).
In that respect, a catalytic converter is arranged between the
at least one combustion chamber and the exhaust turbine of
a turbocharger. In particular, regarding engines with large
swept volume, this has the advantage of the possibility to
improve the efficiency of the turbocharger, as the release
of chemical energy that is stored after combustion in the at
least one combustion chamber still in the form of the dis-
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charged material flow, causes the temperature of the mate-
rial flow to increase and also to expand, resulting in a higher
flow rate through the exhaust turbine of the turbocharger.
The turbocharger compressor driven by the exhaust turbine
can therefore deliver a higher charge pressure, which
enables the internal combustion engine to achieve a higher
overall power rating.

[0058] It can be provided that the open-loop or closed-
loop control device for determining any change in the
exhaust backpressure acting on the at least one combustion
chamber takes account of a change of a measuring signal
recorded by at least one sensor in an exhaust line of the
internal combustion engine.

[0059] It can particularly be provided that the internal
combustion engine is a stationary reciprocating piston
engine operated by fuel gas and preferably drives a genera-
tor to generate electrical power.

[0060] Furthermore, patent protection is sought for a pro-
cess for regulating or controlling an internal combustion
engine, wherein in at least one combustion chamber of the
internal combustion engine a fuel-air mixture with at least
one combustion parameter that can be influenced is com-
busted, and wherein the at least one combustion parameter
is closed loop or open loop controlled through at least one
actuator that influences at least one combustion parameter as
a substitute parameter for NOx emissions as part of an emis-
sion control loop by means of a functional relationship in
such way that at least one combustion parameter is set for
each target or actual power rating of the internal combustion
engine, wherein the functional relationship defines the
charge pressure based on the desired value for the power,
the NO, emissions and a given level of exhaust backpres-
sure, wherein by means of the functional relationship it is
taken account of an influence of a change of the exhaust
backpressure acting on at least one combustion chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Further advantages and details of this invention are
provided in the Figures and the associated description of
those Figures. In that respect,

[0062] FIG. 1 shows a first embodiment of an internal
combustion engine according to the invention,

[0063] FIG. 2 shows a second embodiment of an internal
combustion engine according to the invention,

[0064] FIG. 3 shows a third embodiment of an internal
combustion engine according to the invention,

[0065] FIG. 4 shows a fourth embodiment of an internal
combustion engine according to the invention,

[0066] FIG. 5 shows a fifth embodiment of an internal
combustion engine according to the invention,

[0067] FIG. 6 shows a sixth embodiment of an internal
combustion engine according to the invention,

[0068] FIG. 7 shows a seventh embodiment of an internal
combustion engine according to the invention,

[0069] FIG. 8 shows an eighth embodiment of an internal
combustion engine according to the invention and

[0070] FIG. 9 shows a diagram of charge pressure over
power for different exhaust backpressures.

DETAILED DESCRIPTION

[0071] FIG. 1 illustrates a first embodiment of an internal
combustion engine 1 according to the invention. This inter-
nal combustion engine 1 has a combustion chamber 3 in
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which a fuel-air mixture is combusted. This invention is, of
course, not restricted to a combustion chamber 3 and the
combustion chamber 3 used in the Figures serves only as
an example. The invention can be used on an internal com-
bustion engine 1 for one or more combustion chambers 3
selectively and/or globally for all applications.

[0072] The fuel-air mixture is supplied to at least one
combustion chamber 3 through a compressor 11 of a turbo-
charger 14, wherein the fuel-air mixture can be cooled after
compression by the compressor 11 in a mixture cooler 17.
The mixture cooler 17 and the compressor 11 can be
bypassed by means of a bypass line with a bypass valve
10, wherein a charge pressure p2’ can be adjusted by this
bypass valve 10 and with that charge pressure p2’ at least
one combustion chamber 3 can be filled.

[0073] By changing the charge pressure p2', it is possible
to vary the filling of at least one combustion chamber 3
when having constant valve opening times for the internal
combustion engine 1.

[0074] In addition, the turbocharger 14 has an exhaust tur-
bine 13 that can be bypassed by a bypass line along with the
bypass valve 12. By means of this bypass valve 12, an
exhaust backpressure p;' can be set which acts on the at
least one combustion chamber 3.

[0075] An open-loop or closed-loop control device 2 is
provided which is signal-conductively connected by means
of signal conducting connections, on the one hand to the
bypass valve 10 of the compressor 11 and on the other
hand to the bypass valve 12 of the exhaust turbine 13. The
bypass valve 10 of the compressor 11 (and also of the mix-
ture cooler 17) in this embodiment is configured as an actua-
tor 4 that influences combustion parameters. The bypass
valve 12 of the exhaust turbine 13 in this embodiment
forms the actuator 5 that influences the exhaust backpres-
sure ps'.

[0076] The open-loop or closed-loop control device 2 is
configured to actuate the at least one actuator 4 (in this
embodiment, the bypass valve 10 of the compressor 11)
that influences the at least one combustion parameter (in
this embodiment, the charge pressure p2') as a substitute
parameter for the NOx emission by means of a functional
relationship in such way that at least one combustion para-
meter can be set for each target power or actual power rating
of the internal combustion engine 1, wherein the functional
relationship takes account of an influence of an adjustment
of the at least one actuator 5 (in this embodiment, the bypass
valve 12 of the exhaust turbine 13) that influences the
exhaust backpressure p3’ acting on the at least one combus-
tion chamber 3.

[0077] In other words, the open-loop or closed-loop con-
trol device is configured to change the bypass valve 10 of
the compressor 11 when the bypass valve 12 is adjusted such
that the NO, emissions can be maintained at a constant
level, because any change of the position of the bypass
valve 12 of exhaust turbine 13 has a direct influence on the
exhaust backpressure p;' (which acts on at least one com-
bustion chamber 3) and therefore affects the NO, production
in the at least one combustion chamber 3 (through a mod-
ified efficiency rating and modified residual gas components
and temperatures). However, the NO, emissions can be
maintained at a constant level by adapting the charge pres-
sure p,' through the bypass valve 10 of the compressor 11.
[0078] By means of the functional relationship saved in
the open-loop or closed-loop control unit 2, the charge pres-
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sure p," can be determined based on the desired value for the
power P,,...;,, the NO, emissions and a given level of exhaust
backpressure ps'. Specific details regarding this functional
relationship will be explained at a later point (see FIG. 9).
[0079] FIG. 2 shows a similar embodiment, but in this
second embodiment of the internal combustion engine 1,
the actuator S that affects the exhaust backpressure p3’ is
the variable turbine geometry of the exhaust turbine 13 of
the turbocharger 14. By adjusting this variable turbine geo-
metry, a change of the exhaust backpressure p3’ that acts on
the at least one combustion chamber 3 is effected with
which the bypass valve 10 of the compressor 11 is adjustable
by means of the open-loop or closed-loop control device 2
on and the charge pressure p,’ is configurable by means of a
functional relationship in order to maintain NO, emissions
at a constant level.

[0080] In the embodiment shown in FIG. 3, a catalytic
converter 16 is provided between the at least one combus-
tion chamber 3 and exhaust turbine 13. Catalytic converters
16 of this kind are also known by the synonym PTCC con-
verters and are used to release chemical energy in the flow
of exhaust emissions, causing the exhaust temperature to
increase leading to an explosion of exhaust gas, which in
turn enables the material flow acting on the exhaust turbine
13 to increase with which the efficiency of the turbocharger
14 is improved. In order to open or closed loop control this
process, a bypass valve 15 is provided on catalytic converter
16 and that bypass valve 15 has a signal-conducting connec-
tion 6 to the open-loop or closed-loop control unit 2.
[0081] The bypass valve 15 of the catalytic converter 16 is
an actuator 5 that influences the exhaust backpressure p;' by
means of which in turn the bypass valve 10 of the compres-
sor 11 - when changing the position of the actuator 5 (of the
bypass valve 15 of the catalytic converter 16) that influences
the exhaust backpressure p3' - is actuated via the functional
relationship in such way that a charge pressure p2' is cor-
rected accordingly to obtain the most constant NOx emis-
sion value possible.

[0082] The embodiment in FIG. 4 shows an internal com-
bustion engine 1 that is similar to the embodiment in FIG. 1.
However, in this embodiment, a throttle valve 8 1s used as
actuator 4 that influences the combustion parameter, which
in turn can also influence the fill level of the at least one
combustion chamber 3.

[0083] Then again, the embodiment in FIG. § illustrates a
similar embodiment to the one in FIG. 3, but here the inter-
nal combustion engine 1 of the embodiment in FIG. § has a
compressor 11 with a variable compressor geometry,
wherein the compressor geometry and/or the adjusting unit
of the compressor geometry is signal-conductively con-
nected to the open-loop or closed-loop control unit 2 by
means of a signal conducting connection 6 and the open-
loop or closed-loop control unit 2 uses the variable compres-
sor geometry of the compressor 11 as an actuator 4 for set-
ting a combustion parameter (or more accurately, the charge
pressure p,").

[0084] The embodiment in FIG. 6 shows a similar embo-
diment to the one in FIG. 1, although the internal combus-
tion engine 1 of the embodiment in FIG. 6 has a variable
valve drive 7 that can be used to set the fill level of at least
one combustion chamber 3 (for example, in accordance with
an early or late Miller process). In turn, this variable valve
drive 7 is connected to the open-loop or closed-loop control
unit 2 by means of a signal-conducting connection 6,
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wherein the variable valve drive 7 as actuator 4 that affects
the combustion parameter is closed loop or open loop con-
trolled by means of the open-loop or closed-loop control
unit 2.

[0085] The embodiment in FIG. 7 of an internal combus-
tion engine 1 is also similar, but in the embodiment of FIG. 7
the actuation of an ignition device is used as the actuator 4
that influences the combustion parameter by means of such
said actuation of an ignition device an ignition time for the
combustion can be open-loop or closed-loop controlled.
This happens by having the open-loop or closed-loop con-
trol unit 2 connected to the ignition unit of the at least one
combustion chamber 3 by a signal-conducting connection 6.
[0086] The embodiment in FIG. 8 shows an internal com-
bustion engine 1 that has an injection unit separated from the
air intake for delivering fuel into at least one combustion
chamber 3. This fuel injection unit for delivering fuel into
at least one combustion chamber 3 is designed as a port
injection valve 9.

[0087] Air is supplied via a compressor 11 of a turbochar-
ger 14, wherein the compressed air is cooled before entering
the at least one combustion chamber 3 by means of an inter-
cooler 18. To be able to vary the charge pressure p,’, a
bypass line with a bypass valve 10 for the compressor 11
is provided.

[0088] As already described in the preceding Figures, in
the exhaust line an exhaust turbine 13 is provided and a
catalytic converter 16 that is arranged between the exhaust
turbine 13 and the at least one combustion chamber 3, and
said catalytic converter 16 can be bypassed by a bypass line
with a bypass valve 15 of the catalytic converter 16.

[0089] The open-loop or closed-loop control unit 2 is con-
nected by signal conducting connections to an actuator 4
that influences combustion parameters and to an actuator 5
that influences the exhaust backpressure p;’.

[0090] The actuator 4 that influences combustion para-
meters in this embodiment is configured as port injection
valve 9 by actuation of which can the combustion air ratio
L in the at least one combustion chamber 3 can be influ-
enced. In this embodiment, the actuator 5 that affects
exhaust backpressure p;’ is configured as bypass valve 15
of the catalytic converter 16.

[0091] FIG. 9 shows a diagram of the charge pressure p,’
of an internal combustion engine 1 illustrating the mechan-
ical power P, performed by the internal combustion
engine 1. Shown here is the relationship regarding three dif-
ferent exhaust backpressures p;’ at a specified level of NO,
emissions - i.€., identical on all three curves.

[0092] This diagram shows the mechanical power P, of
the internal combustion engine 1 with the charge pressure
p2’ in context, wherein a curve is provided for each NO,
target value (constant in the diagram shown here) and for
each exhaust backpressure p;’. This set of curves forms
the functional relationship.

[0093] To achieve a constant NO, emission level when
changing the exhaust backpressure p;’ (for example, by
changing actuator S that influences the exhaust backpressure
p3’), a corresponding charge pressure p,” must be selected to
be able to maintain a constant mechanical power P,,,..;, of
the internal combustion engine 1 of 75%. This functional
relationship is to be used by the open-loop or closed-loop
control unit 2 when regulating or controlling the internal
combustion engine 1.
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List of references:

1 Combustion engine
2 Open-loop or closed-loop control device
3 Combustion chamber
4 Actuator that influences combustion parameters
5 Actuator that influences exhaust backpressure
6 Signal conducting connection
7 Variable valve drive
8 Throttle valve
9 Port injection valve
10 Compressor bypass valve
1 Compressor
12 Exhaust turbine bypass valve
13 Exhaust turbine
14 Turbocharger
15 Catalytic converter bypass valve
16 Catalytic converter
17  Mixture cooler
18 Intercooler
p2’  Charge pressure
p3s° Exhaust backpressure
A Compression air ratio

Puecn Mechanical power

1. An internal combustion engine designed to burn a fuel
with air in at least one combustion chamber, wherein the inter-
nal combustion engine comprises:

a controller, wherein the controller is configured to:

influence at least one combustion parameter of the inter-
nal combustion engine; and

actuate, via an emission control, at least one actuator that
influences the at least one combustion parameter as a
substitute parameter for a gas emissions in an exhaust
gas by a functional relationship in such way that the at
least one combustion parameter can be set for each
target or actual power rating of the internal combustion
engine;

wherein the functional relationship defines a charge pres-
sure based on a desired value for a power, the gas emis-
sions and a given level of an exhaust backpressure and
is saved in the controller;

wherein the functional relationship takes account of an
influence of a change of the exhaust backpressure
affecting the at least one combustion chamber.

2. The internal combustion engine according to claim 1,
wherein, when the exhaust backpressure increases, due
account is taken of the functional relationship in such way
that the emission control sets a leaner amount of the fuel in
the air compared to a previous operating point by changing
the at least one combustion parameter.

3. The internal combustion engine according to claim 1,
wherein, when the exhaust backpressure increases, due
account is taken of the functional relationship in such way
that the emission control adjusts a time of ignition to a later
time compared to a previous operating point by changing the
at least one combustion parameter.

4. The internal combustion engine according to claim 1,
wherein, when the exhaust backpressure increases, due
account is taken of the functional relationship in such way
that the emission control sets a lower fill level relative to a
previous operating point in the at least one combustion cham-
ber by changing the at least one combustion parameter.

5. The internal combustion engine according to claim 1,
wherein the at least one combustion parameter that can be
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influenced by the controller comprises a combustion air ratio
A).

6. The internal combustion engine according to claim 5,
wherein the controller affects the combustion air ratio (1) by
at least one of:

setting the charge pressure;

setting an injection volume for the fuel in the at least one

combustion chamber; and/or

setting a mix ratio for the fuel and the air.

7. The internal combustion engine according to claim 1,
wherein the at least one combustion parameter that can be
influenced by the controller comprises the charge pressure.

8. The internal combustion engine according to the claim 7,
wherein, when influencing the charge pressure, the controller
controls a corresponding combustion air ratio (A) by at least
one of:

setting an injection volume for fuel in the at least one com-

bustion chamber; and/or

setting a mix ratio for the fuel and the air.

9. The internal combustion engine according to claim 1,
wherein the at least one combustion parameter that can be
influenced by the controller includes a time of ignition.

10. (canceled)

11. The internal combustion engine according to claim 1,
wherein the at least one actuator that can influence the at least
one combustion parameter comprises a throttle valve or at
least one port injection valve, and the at least one combustion
parameter comprises a fuel amount, a fuel injecting timing, or
a combination thereof.

12. (canceled)

13. The internal combustion engine according to claim 1,
wherein the controller is designed to actuate the at least one
actuator that influences the atleast one combustion parameter
in order to perform a setting of the charge pressure by adjust-
ing a bypass valve for a compressor and/or a variable com-
pressor geometry of the compressor.

14. The internal combustion engine according to claim 1,
wherein the controller for determining a change of the exhaust
backpressure acting on the at least one combustion chamber
takes account of an adjustment of the at least one actuator that
affects the exhaust backpressure acting on the at least one
combustion chamber.

15. The internal combustion engine according to claim 14,
wherein the at least one actuator that influences the exhaust
backpressure acting on the at least one combustion chamber
includes a wastegate for an exhaust turbine of a turbocharger,
a variable turbine geometry for the exhaust turbine, a bypass
valve for a catalytic converter arranged upstream of the
exhaust, or a combination thereof.

16. (canceled)

17. (canceled)

18. The internal combustion engine according to claim 1,
wherein the controller for determining any change of the
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exhaust backpressure acting on the at least one combustion
chamber, takes account of a change of a measuring signal
recorded by atleast one sensor in an exhaust line of the internal
combustion engine.

19. A process for regulating or controlling an internal com-
bustion engine, comprising:

combusting a fuel with air in at least one combustion cham-

ber of the internal combustion engine, wherein at least
one combustion parameter of the fuel combusting with
the air can be influenced; and

open loop or closed loop controlling the at least one com-

bustion parameter through at least one actuator that influ-
ences the at least one combustion parameter as a substi-
tute parameter for a gas emissions in an exhaust gas as
part of an emission control by a functional relationship in
such way that at least one combustion parameter is set for
each target or actual power rating of the internal combus-
tion engine, wherein the functional relationship defines a
charge pressure based on a desired value for a power, the
gas emissions and a given level of an exhaust backpres-
sure, wherein by the functional relationship it is taken
account of an influence of a change of the exhaust back-
pressure acting on the at least one combustion chamber.

20. (canceled)

21. A system, comprising:

a controller configured to:

determine a level of an exhaust backpressure affecting at
least one combustion chamber of an internal combus-
tion engine; and

control atleast one actuator to adjust at least one combus-
tion parameter to control a gas emissions in an exhaust
gas based on a functional relationship and changes in
the level of the exhaust backpressure, wherein the
functional relationship defines a charge pressure
based onadesired value for apower, the gas emissions,
and the level of the exhaust backpressure.

22. The system of claim 21, wherein the at least one com-
bustion parameter comprises a fuel air ratio, a fuel amount, a
fuel injection timing, a fill level of the at least one combustion
chamber, an ignition timing, or a combination thereof.

23. The system of claim 21, wherein the at least one com-
bustion parameter comprises the charge pressure, the exhaust
backpressure, or a combination thereof, wherein the at least
one actuator comprises a turbocharger having a compressor, a
turbine, a compressor bypass valve, a wastegate, a variable
compressor geometry, a variable turbine geometry, a bypass
valve for a catalytic converter, or a combination thereof.

24. Thesystem of claim 21, wherein the gas emissions com-
prise NO, emissions.

25. The system of claim 21, comprising the internal com-
bustion engine coupled to the controller.
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