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(54) METHOD TO OPERATE A COMBUSTION ENGINE

(57) It is proposed a method to operate a combustion
engine of a motor vehicle. It is determined a pressure
(S_43) inside a combustion chamber of the combustion

engine. An exhaust pollutant emission of the combustion
engine is limited in dependence on the pressure (S_43).
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Description

State of the art

[0001] The invention is related to a method to operate
a combustion engine according to the preamble of claim
1.
[0002] Methods to affect the exhaust pollutant emis-
sions of combustion engines for motor vehicles are well
known. Moreover, model-based methods to determine
an emission of pollutants are known.
[0003] EP 1 398 483 A2 proposes a method for con-
trolling an internal combustion engine with reduced emis-
sion of pollutants. It is proposed to compare an emission,
which is measured in the exhaust gas of the combustion
engine with a desired value. In dependence on the com-
parison it is corrected a value having influence on the
combustion in the combustion engine.
[0004] However, current trends from legislation side
concerning pollutant emissions from passenger cars and
light duty vehicles enforce the monitoring, both in the
homologation phase and during the lifetime, over tailpipe
emissions and fuel consumption. Moreover, these re-
quirements have to be fulfilled under real world driving
conditions. Emission testing procedures with portable
measurement systems are defined, to be performed on
the vehicles to be homologated on real roads, taking into
account among other things the speed/load profile of the
vehicle and well as the traffic conditions, etc.

Summary

[0005] In view of the prior art, it is an object of the dis-
closure to provide a method to operate a combustion
engine according to claim 1 which avoids the disadvan-
tages of the prior art. Further embodiments are disclosed
in the dependent claims and in the following description
of embodiments.
[0006] It is determined a pressure inside a combustion
chamber of the combustion engine and an exhaust pol-
lutant emission of the combustion engine is limited in
dependence on the pressure. The pressure inside the
combustion chamber advantageously follows the actual
combustion process which has a huge impact on the ex-
haust pollutant emission. Therefore, emission testing
procedures in real world driving conditions according to
future emission legislation standards can be passed by
the proposed limiting. Therefore the method provides that
the conditions under which the vehicle emission tests are
performed are controllable. This leads to a guaranteed
maximum level of exhaust pollutant emission while min-
imizing the impact on costs and calibration efforts to
achieve these targets.
[0007] In an advantageous embodiment the method
comprises: determining an exhaust pollutant emission
estimate, determining an exhaust pollutant emission pa-
rameter, and determining an operating parameter for op-
erating the combustion engine in dependence on the ex-

haust pollutant emission estimate and in dependence on
the exhaust pollutant emission parameter. It is provided
an operating parameter for operating the combustion en-
gine which takes into account the actual pollutant emis-
sion produced and therefore provides an immediate ac-
tion to limit the actual pollutant emission level.
[0008] In an advantageous embodiment the exhaust
pollutant emission estimate is determined in dependence
on the pressure inside the combustion chamber. The ex-
haust pollutant emission estimate is therefore provided
with an adequate accuracy to determine the actual ex-
haust pollutant emission level of the combustion engine.
[0009] In an advantageous embodiment the exhaust
pollutant emission parameter is a threshold value and
the method comprises limiting the exhaust pollutant
emission of the combustion engine when the exhaust
pollutant emission estimate traverses the exhaust pollut-
ant emission parameter. Therefore it is provided a cost-
effective exhaust pollution control method reducing effort
regarding implementation and application. Moreover, ex-
ecution and operational safety is ensured by less com-
plex operations.
[0010] In an advantageous embodiment the exhaust
pollutant emission parameter is a set-point value and the
method comprises: determining a deviation in depend-
ence on a comparison of the exhaust pollutant emission
estimate and the exhaust pollutant emission parameter,
and controlling an operating parameter of the combustion
engine in dependence on the deviation. This method pro-
vides an effective limitation of the exhaust pollutant emis-
sion.

Brief description of the figures

[0011]

Figure 1 shows a schematic depiction of a
combustion engine; and

Figures 2 and 3 each show a schematic block dia-
gram.

Description of the embodiments

[0012] Figure 1 shows a schematic depiction of a com-
bustion engine 10 of a motor vehicle. The combustion
engine 10 is operated according to a direct injection
scheme, wherein fuel is injected directly into a combus-
tion chamber 14 of the combustion engine 10 according
to an Otto cycle method or a Diesel method or a further
method. According to the Otto cycle method a mixture of
air and fuel is ignited by means of a spark plug 16. If the
combustion engine 10 is a diesel combustion engine the
spark plug 16 is not part of the combustion engine 10.
[0013] Each combustion chamber 14 is sealed by a
movable piston 18 and is supplied by an intake air system
50 with air. After an air-fuel mixture is burned in the com-
bustion chamber, the burned charge of the combustion
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chamber 14 will be exhausted by an exhaust system 60.
The exchange of charge is controlled by charge cycle
valves 24, 26, which are actuated by actors 28, 30 syn-
chronous to the movement of the piston 18. The actors
28, 30 are cams of one or more camshafts, which are
driven synchronously to the movement of the piston 18.
By means of an exhaust gas recirculation system 70 ex-
haust gases can be fed back to the combustion chamber
14 in order to reduce nitrogen oxide emissions, NOx
emissions, or further exhaust pollutant emissions of the
combustion engine 10.
[0014] The exhaust system 60 may comprise further
components for exhaust gas treatment. Furthermore, the
exhaust system 60 may comprise a NOx sensor 36 and
a lambda sensor 37. The combustion engine 10 is oper-
ated by a control unit 38 which receives signals S from
the respective sensors, for example a signal S_36 from
the NOx sensor 36, a signal S_37 from the lambda sensor
37, a signal S_40 of a revolution speed sensor 40, a
signal S_42 from an accelerator pedal sensor 42, a signal
S_43 from a pressure sensor 43 and further signals like
an ambient temperature, an combustion engine temper-
ature, intake air temperature, etc. The pressure sensor
43 measures a pressure inside the combustion chamber
14 and provides this pressure as the signal S_43. In de-
pendence on these signals S or at least a part of these
signals S the control unit 38 determines an operating
parameter S_12 for the injector 12, if applicable an op-
erating parameter S_16 for the spark plug 16, an oper-
ating parameter S_34 for an exhaust-gas recirculation
valve 34 and if applicable signals for further actuators
being part of the combustion engine 10. The control unit
38 comprises a digital processing entity on which a com-
puter program is executable.
[0015] The intake air system 50 and the exhaust sys-
tem 60 and further related components like the exhaust-
gas recirculation valve 34 may be referred together as
an air system. Further operating parameters regarding
the air system comprise at least one of a rate of air pass-
ing through the exhaust-gas recirculation valve 34, a
boost pressure in the intake manifold, a swirl rate. The
injectors 12 and the related components like a fuel pump
are referred to as an injection system. Further operating
parameters regarding the injection system comprise at
least one of an injections pattern, injections timing, a
quantity of injections, a fuel mass, and a fuel pressure.
[0016] Figure 2 shows a schematic block diagram 102
to operate the combustion engine 10. A plurality of signals
104 inter alia the pressure inside the combustion cham-
ber 14 in form of the signal S_43 is applied to a block
106. The block 106 comprises a model-based determi-
nation of an exhaust pollutant emission estimate 108.
The exhaust pollutant emission estimate 108 comprises
for example a NOx concentration and/or a soot concen-
tration.
[0017] A plurality of signals 110 are applied to a block
112, which determines an exhaust pollutant emission pa-
rameter 114 in form of a threshold value. The plurality of

signals 110 may comprise one or more of the following:
engine speed, engine load, engine operating mode in
form of a conventional mode or a regeneration of exhaust
gas mode, further environmental conditions like air tem-
perature, etc. Based on these signals 110 in an applica-
tion calibration step of the combustion engine 10 an op-
erating map may be determined for determining the
threshold value in dependence on the signals 110. There-
fore, the block 112 may be in its simplest form the oper-
ating map. Of course, further logic or arithmetic opera-
tions may be included in the block 112.
[0018] A block 116 compares the exhaust pollutant
emission estimate 108 with the exhaust pollutant param-
eter 114. If the exhaust pollutant emission estimate 108
remains below the exhaust pollutant emission parameter
114 the block 114 is in a normal operation mode and
does not limit the exhaust pollutant emission. If the ex-
haust pollutant emission estimate 108 traverses the ex-
haust pollutant emission parameter 114 in the normal
operation mode the block 114 enters a limiting mode and
limits the exhaust pollutant emission of the combustion
engine 10 in dependence on the pressure S_43 by adapt-
ing operating parameters of the combustion engine 10
exemplified by an operating parameter 118.
[0019] Figure 3 shows a schematic block diagram 120
to operate the combustion engine 10. A plurality of signals
122 is applied to a block 124, which determines an ex-
haust pollutant parameter 126 in form of a set-point value.
The signals 122 may be equal to the signals 110. A de-
viation 128 is determined by subtracting the exhaust pol-
lutant parameter 126 from the exhaust pollutant estimate
108 at a summing point 130. A controller 132 determines
the operating parameters of the combustion engine 10
exemplified by an operating parameter 134. It is therefore
provided a closed control loop.
[0020] To achieve a limiting of the exhaust pollutant
emission of the combustion engine 10 the operating pa-
rameter 118, 134 may comprise one or more of the plu-
rality of operating parameters as outlined to figure 1
above.
[0021] In an embodiment the operating parameter 118,
134 may comprise the operating parameter S_34 for an
exhaust-gas recirculation valve 34. In the embodiment
of figure 2, the exhaust-gas recirculation valve 34 may
open to increase the exhaust-gas recirculation rate if the
threshold is reached or passed.
[0022] The exhaust pollutant emission estimate 108
for example, a value for a NOx emission is compared to
a threshold value defined as a function of the operating
conditions of the combustion engine 10 like speed, load,
engine temperature, or further measured or calculated
environmental conditions. When reaching or passing the
threshold an exhaust gas recirculation rate is increased
by appropriately operating the exhaust-gas recirculation
valve 34. In case of a turbo system the intake boost pres-
sure is increased. The maximum exhaust-gas recircula-
tion rate is limited for the respective combustion engine
10 for several reasons like an unacceptable fuel con-
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sumption increase, an unstable combustion, a limitation
of fresh air admission of the air system, or a turbo system
especially the respective compressor reaching an unsta-
ble operating condition talked.
[0023] To further reduce NOx emissions a combustion
timing may be retarded with respect to the top dead cent-
er by retarding the diesel fuel injection timing or the spark
plug timing depending on the type of combustion engine
10. In this case a compromise between NOx reduction
and combustion stability / fuel consumption penalty has
to be found because excessive retarding of the combus-
tion timing leads to similar detrimental effects on the com-
bustion engine 10. Moreover trade-offs exist between
NOx emission and soot emission as they are counteract-
ing. For example if NOx emissions increase soot emis-
sions decrease. Therefore, the combustion engine 10
has to be operated according to a multi-parameter opti-
mization taking into account NOx emissions and further
pollutant emissions. In a further operating mode the
torque/load of the combustion engine is reduced in de-
pendence on an increasing exhaust pollutant emission
estimate 108. Especially considering NOx and/or soot
emissions, they both increase when the combustion en-
gine operates in a higher load-operating region. This lim-
itation of the load or torque in order to limit tailpipe NOx
and/or suit emissions can be accomplished by limiting
the load/torque for a defined time window when the ex-
haust pollutant emission estimate 108 crosses a respec-
tive threshold.
[0024] If a time-integral value of the exhaust pollutant
emission estimate 108 crosses a respective threshold
over a defined time window, the load/torque of the com-
bustion engine 10 is reduced. Furthermore, a respective
threshold value for the above time-integral value of the
exhaust pollutant emission estimate 108 can be calcu-
lated as a function of the actual driving profile, for exam-
ple taking into account the behavior of the driver (aggres-
sive, mild, medium) and/or traffic conditions (urban, rural,
highway) and/or an altitude profile (popular, downhill,
flat). In order to limit the integral emission over the ob-
served time window it is also possible that the integral
emissions limitation strategy as outlined above includes
the limitation of the maximum torque furnished by the
engine.
[0025] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage
devices, e.g., digital data storage media, which are ma-
chine or computer readable and encode machine-exe-
cutable or computer-executable programs of instruc-
tions, wherein said instructions perform some or all of
the steps of said above-described methods. The program
storage devices may be, e.g., digital memories, magnetic
storage media such as a magnetic disks and magnetic
tapes, hard drives, or optically readable digital data stor-
age media. The embodiments are also intended to cover
computers in the form of the control unit 38 programmed

to perform said steps of the above-described methods.
[0026] The description and drawings merely illustrate
the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its scope. Furthermore, all examples
recited herein are principally intended expressly to be
only for pedagogical purposes to aid the reader in under-
standing the principles of the invention and the concepts
contributed by the inventor(s) to furthering the art, and
are to be construed as being without limitation to such
specifically recited examples and conditions. Moreover,
all statements herein reciting principles, aspects, and
embodiments of the invention, as well as specific exam-
ples thereof, are intended to encompass equivalents
thereof.
[0027] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes,
which may be substantially represented in computer
readable medium and so executed by a computer or proc-
essor, whether or not such computer or processor is ex-
plicitly shown.

Claims

1. A method to operate a combustion engine (10) of a
motor vehicle,
characterized in

- determining a pressure (S_43) inside a com-
bustion chamber (14) of the combustion engine
(10);
- limiting of an exhaust pollutant emission of the
combustion engine (10) in dependence on the
pressure (S_43).

2. The method according to claim 1, wherein the limiting
of the exhaust pollutant emission comprises:

- determining an exhaust pollutant emission es-
timate (108);
- determining an exhaust pollutant emission pa-
rameter (114; 126);
- determining an operating parameter (118; 134)
for operating the combustion engine (10) in de-
pendence on the exhaust pollutant emission es-
timate (108) and in dependence on the exhaust
pollutant emission parameter (114; 126).

3. The method according to claim 2, where the exhaust
pollutant emission estimate (108) is determined in
dependence on the pressure (S_43) inside the com-
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bustion chamber (14).

4. The method according to claim 2 or 3, wherein the
exhaust pollutant emission parameter (114) is a
threshold value; and the method comprises:

- limiting the exhaust pollutant emission of the
combustion engine (10) when the exhaust pol-
lutant emission estimate (108) traverses the ex-
haust pollutant emission parameter (114).

5. The method according to claim 2 or 3, wherein the
exhaust pollutant emission parameter (126) is a set-
point value; and the method comprises:

- determining a deviation (128) in dependence
on a comparison of the exhaust pollutant emis-
sion estimate (108) and the exhaust pollutant
emission parameter (126);
- determining an operating parameter (134) of
the combustion engine (10) in dependence on
the deviation (128).

6. The method according to one of the preceding
claims, wherein the exhaust pollutant emission esti-
mate (108) is a NOx concentration and/or a soot con-
centration, and wherein the exhaust pollutant emis-
sion estimate (108) is determined model-based.

7. The method according to one of the preceding
claims, wherein an injector (12) is operated in de-
pendence on the operating parameter (S_12) and/or
a spark plug (16) is operated in dependence on the
operating parameter (S_16), and/or an exhaust-gas
recirculation valve (34) is operated in dependence
on the operating parameter (S_34).

8. A computer program product for a digital processing
entity, which is configured to execute the method
according to one of the preceding claims.

9. A control unit (38) for operating a combustion engine
(10) of a motor vehicle, which comprises a digital
processing entity, on which the computer program
product according to claim 8 is executable.

10. A storage device for a control unit (38) according to
claim 9, on which the computer program product ac-
cording to claim 8 is stored.
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