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DESCRIPTION

Technical Field

[0001] The present disclosure generally relates to an internal combustion engine during
operation on at least partly gaseous fuel, and In particular in case the gas composition
changes.

Background

[0002] Internal combustion engines operating at least partly on gaseous fuel typically use, for
example, natural gas or bio-gas as an energy source for combustion. Those gaseous fuels
commonly comprise a blend of different hydrocarbons such as methane and higher
hydrocarbons as well as inert gases. The composition of those gaseous fuels may vary, for
example, when gaseous fuels from different gas fields or gas reservoirs are used. The
variation of the gas composition may also occur during operation of the internal combustion
engine due to changes in the gas quality present in those gas reservoirs.

[0003] Variations of the gas composition may also affect an energy content of the gaseous
fuel, for example, due to varying amounts of higher hydrocarbons in the gaseous fuel. As a
result, the internal combustion engine may be subjected to a change or variation in energy
content. Variations of the gas composition may therefore have an impact on the operation of
the Iinternal combustion engine.

[0004] WO 2005/031134 A1 discloses a method and apparatus for controlling combustion
quality of a gaseous-fuelled compression ignition internal combustion engine. The method
approaches a target heat release rate (HRR) using a HRR control lever, namely pilot fuel
timing and/or pilot fuel quantity.

[0005] Further methods for controlling multi-fuel internal combustion engines are known from
EP 2 682 588 A1, WO 2012/103368 A1, EP 2 708 722 A1 and EP 1 593 824 A2.

[0006] The present disclosure Is directed, at least in part, to improving or overcoming one or
more aspects of prior systems.

sSummary of the Disclosure

[0007] The above object is solved by a method according to claim 1 and an internal
combustion engine according to claim 12. Further developments are given In the dependent
claims.
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[0008] According to one aspect of the present disclosure, a method for controlling an internal
combustion engine during operation on at least partly gaseous fuel is disclosed. The method
comprises providing a desired burn rate profile corresponding to a desired operation of the
Internal combustion engine, and first operating parameters that are selected such that an
operation of the internal combustion engine with a first gas composition obtains a first burn rate
profile that corresponds to the desired burn rate profile. The method further comprises
operating the internal combustion engine with the first operating parameters on a second gas
composition, determining that a second burn rate profile differs from the desired burn rate
profile thereby Indicating that the second gas composition differs from the first gas
composition, and adapting an operating parameter of the first operating parameters of the
Internal combustion engine to approach the desired burn rate profile.

[0009] According to another aspect of the present disclosure, a method for controlling an
Internal combustion engine during operation on at least partly gaseous fuel with varying gas
composition 1s disclosed. The method comprises providing a desired burn rate profile
corresponding to a desired operation of the internal combustion engine, operating the internal
combustion engine under an initial operating condition such that an initial burn rate profile
associated with the combustion process corresponds essentially to the desired burn rate
profile. The method further comprises, monitoring a temporal development of the burn rate
profile over a time period of potential variation in gas composition, while maintaining an
operating parameter associated with the desired burn rate profile, such as a power output, an
efficiency or exhaust gas emissions. The method further comprises determining that an actual
burn rate profile differs from the desired burn rate profile thereby indicating a variation in gas
composition, and adapting an operating parameter of the internal combustion engine to
enforce a burn rate profile that is adjusted to the desired burn rate profile.

[0010] According to another aspect of the present disclosure, a control system for an internal
combustion engine during operation on at least partly gaseous fuel is disclosed. The control
system comprises a pressure sensor configured to detect a cylinder pressure profile of the
Internal combustion engine and a control unit connected to the pressure sensor and configured
to perform the method as exemplary disclosed herein.

[0011] According to yet another aspect, an internal combustion engine during operation on at
least partly gaseous fuel 1s disclosed. The internal combustion engine comprises a pressure
sensor configured to detect a cylinder pressure profile of the internal combustion engine, and a
control unit connected to the pressure sensor and configured to perform the method as
exemplary disclosed herein.

[0012] Other features and aspects of this disclosure will be apparent from the following
description and the accompanying drawings.

Brief Description of the Drawings
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[0013] The accompanying drawings, which are incorporated herein and constitute a part of the
specification, Iillustrate exemplary embodiments of the disclosure and, together with the
description, serve to explain the principles of the disclosure. In the drawings:

Fig. 1 shows a schematic drawing of an exemplary internal combustion engine operable at
least partly on gaseous fuel;

Fig. 2 shows a schematic cross-sectional view of a cylinder of a dual fuel (DF) internal
combustion engine;

Fig. 3 shows a schematic cross-sectional view of a cylinder of a gaseous fuel Internal
combustion;

Fig. 4 shows a schematic flow diagram of an exemplary procedure for controlling an internal
combustion engine;

Fig. 5 shows an exemplary time-pressure diagram of a cylinder pressure for a variation in gas
composition; and

Fig. 6 shows an exemplary time-burn rate profile diagram that may be used to determine an
adaption of operating parameters of the internal combustion engine In response to the
variation in gas composition.

Detailed Description

[0014] The following I1s a detailed description of exemplary embodiments of the present
disclosure. The exemplary embodiments described therein and illustrated in the drawings are
Intended to teach the principles of the present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many different environments and for many
different applications. Therefore, the exemplary embodiments are not intended to be, and
should not be considered as, a limiting description of the scope of patent protection. Rather,
the scope of patent protection shall be defined by the appended claims.

[0015] The present disclosure 1s based In part on the realization that a variation in gas
composition, resulting for example In a change in a lower heating value and/or Methane
Number of the gaseous fuel, can be associated with a change Iin a burn rate profile of a
cylinder of an internal combustion engine. The burn rate commonly represents the mass
fraction of burnt fuel over time or crank angle during a combustion event of one combustion
cycle in an internal combustion engine.

[0016] It was realized that, If the Internal combustion engine 1s provided with a first set of
operating parameters which would obtain a desired burn rate profile for operation on a first gas
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composition, the internal combustion engine may no longer obtain that desired burn rate
profile, when the internal combustion engine Is supplied with a gaseous fuel of a second gas
composition different from the first one.

[0017] The variation In gas composition may occur, for example, when the internal combustion
engine Is tuned to factory settings at the engine manufacturer site using the gas composition of
the engine manufacturer, and then i1s shipped to the costumer site, where the internal

combustion engine Is operated with the gaseous fuel of the costumer having a different gas
composition than the engine manufacturer.

[0018] It was also realized that, a change Iin gas composition may occur during operation using
a gaseous fuel with a varying gas composition. Thus, it was realized that, while monitoring an
actual burn rate profile during operation of the internal combustion engine, the burn rate profile
may differ from the desired burn rate profile. This change may happen although - during
monitoring of the burn rate profile - an operating condition of the internal combustion engine
was essentially maintained, such as a power output, an efficiency or exhaust gas emissions.
The determined difference between the burn rate profile and the desired burn rate profile may
occur over a time period of, for example, several seconds to 120 min or more. That time period
IS longer that a time period usually associated with changes in the burn rate profile caused by
other phenomena than the described varying gas composition, such as cycle-to-cycle
variations during operation of the internal combustion engine.

[0019] The present disclosure Is further based In part on the realization that - once a
difference between the burn rate profile and a desired burn rate profile has been determined -
an operating parameter of the internal combustion engine may be adapted to again approach
the desired burn rate profile. In particular, it was realized that certain parameters of the burn
rate profile such as a combustion duration, a start of combustion, or a center of combustion
may be adjusted by adapting an air-to-fuel ratio, an ignition timing or an ignition energy
(amount or pressure of ignition fuel in case of DF or Diesel-gasesous fuel internal combustion
engines, or an air-to-fuel ratio in a pre-combustion chamber of a Otto-gaseous fuel internal
combustion engine) of a cylinder associated with the determined difference between the actual
burn rate profile and the desired burn rate profile.

[0020] An Internal combustion engine operable at least partly on gaseous fuel, and exemplary

procedures for controlling the same are described in connection with Figs. 1 to 3, and Figs. 4
to 7, respectively.

[0021] Fig. 1 shows schematically an exemplary internal combustion engine 100 operating at
least partly on gaseous fuel, such as a DF engine (illlustrated schematically in Fig. 2) or a
gaseous fuel engine (illlustrated schematically in Fig. 3).

[0022] Internal combustion engine 100 comprises an engine block 2, a charge air system 4, an

exhaust gas system 5, a gaseous fuel system 6 including a purge gas system /7 and/or a liquid
fuel system 8. Internal combustion engine 100 can be powered with a liquid fuel such as, for
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example, diesel fuel in a liquid fuel mode (LFM), and with a gaseous fuel such as natural gas
provided, for example, by an LNG-system, in a gaseous fuel mode (GFM).

[0023] Engine block 2 comprises a plurality of cylinders. Exemplarily, four cylinders 9 are
depicted in Fig. 1. Engine block 2 may be of any size, with any number of cylinders, such as 6,
3, 12, 16 or 20, and in any configuration, for example, "V", in-line or radial configuration.

[0024] Each cylinder 9 1s equipped with at least one inlet valve 16 and at least one outlet valve
18. Inlet valves 16 are fluidly connected to charge air system 4 and configured to provide
charge air, or a mixture of charge air and gaseous fuel into cylinders 9. Analogue, outlet valves
18 are fluidly connected to exhaust gas system 5 and configured to direct exhaust gas out of
respective cylinder 9.

[0025] Charge air is provided by charge air system 4 including an air intake 20, a compressor
22 to charge air, and a charge air cooler 24. A charge air manifold 26 is fluidly connected
downstream of charge air cooler 24 and guides charge air via cylinder specific inlet channels
28 Into respective cylinders 9.

[0026] Exhaust gas system 5 includes an exhaust gas turbine 30 connected to compressor 22
via shaft 32 and an exhaust gas manifold 34 guiding exhaust gas from individual exhaust gas
outlet channels 35 to exhaust gas turbine 30.

[0027] Charge air system 4 may comprise one or more charge air manifolds 26. Similarly,
exhaust gas system 5 may comprise one or more exhaust gas manifolds 34.

[0028] In addition, inlet valves 16 and outlet valves 18 may be installed within inlet channels 28
and outlet channels 35, respectively. Inlet channels 28 as well as outlet channels 35 may be
provided within a common cylinder head or individual cylinder heads covering cylinders 9.

[0029] Gaseous fuel system 6 comprises a gaseous fuel source 36 connected to gaseous fuel
piping 42. Gaseous fuel source 36 constitutes a gaseous fuel feed for supplying gaseous fuel
for combustion iIn GFM. For example, gaseous fuel source 36 comprises a gas valve unit and a
gaseous fuel tank that contains natural gas in a pressurized state.

[0030] Gas valve unit Is configured to allow, to block, and to control flow from gaseous fuel
tank into gaseous fuel piping 42. The gas valve unit may comprise gaseous fuel control valves,
gaseous fuel shut-off valves and venting valves.

[0031] Gaseous fuel piping 42 1s fluidly connected to a gaseous fuel manifold 54 which splits
Into a plurality of gaseous fuel channels 56. Each gaseous fuel channel 56 is fluidly connected
to one of the plurality of inlet channels 28. To dose gaseous fuel into individual inlet channels
28, In each gaseous fuel channel 56, a gaseous fuel admission valve 58 Is installed. In some

embodiments, internal combustion engine 100 may comprise more than one gaseous fuel
manifold 54.
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[0032] Each gaseous fuel admission valve 58 1s configured to allow or to block flow of gaseous
fuel Into an individual Inlet channel 28 to mix with compressed charge air from charge air
system 4 In GFM. Thus, cylinder specific mixing zones downstream of each gaseous fuel
admission valve 58 are generated. For example, gaseous fuel admission valves 58 may be
solenoid actuated plate valves in which springs hold a lower surface of a movable disk against
an upper surface of a stationary disk or plate, the two surfaces being configured to provide a
sealed relationship In a closed state of gaseous fuel admission valve 58. Each gaseous fuel
admission valve 58 may be mounted to a cylinder head covering at least one cylinder 9.

[0033] Purge gas system 7 (indicated in Fig. 1 by a dashed dotted box) comprises a purge gas
tank 60, a purge gas control valve 62, and a purge gas shut-off valve 64 connected In series.
Purge gas tank 60 constitutes a purge gas source to flush gaseous fuel piping 42, gaseous fuel
manifold 54, etc. with a purge gas, such as nitrogen in a pressurized state.

[0034] Purge gas system /7 may be fluidly connected to gaseous fuel system 6 at various
locations. For example, in Fig. 1 a first connection 66 Is disposed proximal to the gaseous fuel
manifold 54. A second connection 70 Is disposed proximal to gaseous fuel source 36. First
shut-off valve 68 and second shut-off valve 72 can block or allow a purge gas flow through first
connection 66 and second connection 70, respectively. Additional connections may be
Integrated in gas valve unit of gaseous fuel source 36.

[0035] As previously mentioned, Fig. 1 illustrates a DF internal combustion engine as well as a
gaseous fuel engine. In a DF Internal combustion engine, liquid fuel system 8 comprises a
liquid fuel tank 40 connected to liquid fuel piping 44. Liquid fuel tank 40 may comprise a first
liquid fuel tank for storing a first liquid fuel, for example, heavy fuel oil (HFO), and a second
liquid fuel tank for storing a second liquid fuel, for example, diesel fuel. Liquid fuel tank 40
constitutes a liquid fuel source for supplying liquid fuel for combustion in LFM. Additionally,
liquid fuel tank 40 may constitute a liquid fuel source for supplying ignition fuel in GFM.

[0036] Liquid fuel piping 44 is fluidly connected to a liquid fuel manifold 46 which splits into a
plurality of liquid fuel inlet channels 48. To dose liquid fuel into the combustion chamber of
cylinder 9, in each liquid fuel inlet channel 48 a fuel injection system 50 is installed.

[0037] In a gaseous fuel internal combustion engine, such as a spark ignited gaseous fuel
Internal combustion engine, fuel injection system 50 is fluidly connected to gaseous fuel source
36 (Indicated by a dashed line 49) instead of liquid fuel tank 40. In this embodiment fuel
Injection system 50 may comprise a pre-combustion chamber for providing spark ignited pilot
flames 91 (see Fig. 3) to ignite the mixture of gaseous fuel and airr.

[0038] Exemplary embodiments of fuel injection system 50 for DF and gaseous fuel internal
combustion engines are described in more detail when referring to Fig. 2 and 3, respectively.

[0039] As shown In Fig. 1, Internal combustion engine 100 further comprises a plurality of



DK/EP 2998547 13

pressure sensors // mounted at each cylinder 9. Each pressure sensor /7 Is configured to
generate a signal corresponding to a temporal development of an internal cylinder pressure
during the operation of the engine, for example, during combustion. The pressure sensor Is
further described when referring to Fig. 2.

[0040] To control operation of internal combustion engine 100, a control unit 76 Is provided.
Control unit 76 forms part of a control system of the engine. Control unit 76 I1s configured to
receive data of pressure sensor /7 via a readout connection line 102. Control unit /6 may
further be configured to control various components of internal combustion engine 100 such as
gaseous fuel admission valves 58 via a control connection line 104 and fuel injection system 50
via a control connection line 106. Control unit 76 may further be configured to control valves of
purge gas system 7. Alternatively, a second control unit (not shown) may be configured to
control the operation of internal combustion engine 100. Further description of the control
system and additional control lines between control unit 76 and other components of the
engine, such as the fuel injection system 50, will be given in Figs. 2 and 3.

[0041] Control unit 76 may further be connected to other sensors not shown in Fig. 1, such as
engine load sensors, engine speed sensors, temperature sensors, NOx-sensors, or fuel-to-air
ratio sensors provided for each individual cylinder or for a plurality of cylinders. Control unit 76
may also be connected to an operator panel (not shown) for iIssuing a warning to the operator,
Indicating a failure of the engine or the like.

[0042] Fig. 2 shows a cylinder 9 of a DF internal combustion engine 200 which i1s an exemplary
embodiment of Internal combustion engine 100 of Fig. 1. Elements already described In
connection with Fig. 1 have the same reference numerals, such as engine block 2, control unit

/6, pressure sensor //, and cylinder 9.

[0043] Cylinder 9 provides at least one combustion chamber 10 for combusting a mixture of
gaseous fuel and air, a piston 84, and a crankshaft 80 which is drivingly connected to piston 84
via a piston rod 82. Piston 84 is configured to reciprocate within cylinder 9.

[0044] Cylinder 9 Is connected to charge air manifold 26 via inlet channel 28 and to exhaust
gas manifold 34 via outlet channel 35 (see Fig. 1). Inlet valve 16 Is disposed In inlet channel
28, and outlet valve 18 Is disposed Iin outlet channel 35. Gaseous fuel admission valve 58 can
supply gaseous fuel to combustion chamber 10 of cylinder 9.

[0045] Fig. 2 further illustrates fuel injection system 50 by a dashed box. When DF internal
combustion engine 200 is operated in LFM, fuel injection system 50 1s used to inject liquid fuel
INnto combustion chamber 10, the liquid fuel being the sole source of energy. VWWhen DF internal
combustion engine 200 i1s operated in GFM, fuel injection system 50 may be used to Inject a
pilot amount of liquid fuel into combustion chamber 10 to ignite the mixture of gaseous fuel and
air. In GFM, fuel injection system 50 may therefore function as a gaseous fuel ignition system.

[0046] In FIg. 2, an exemplary embodiment of such a gaseous fuel ignition system is based on
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a main liquid fuel injector 38 for injecting a large amount of liquid fuel in LFM and a pilot
amount of liquid fuel into combustion chamber 10 to ignite the mixture of gaseous fuel and air
In GFM. In other embodiments, such as for heavy duty DF internal combustion engines,
gaseous fuel ignition system may comprise a separate ignition liquid fuel injector 39 to inject
the pilot amount of liquid fuel into combustion chamber 10 in GFM.

[0047] Cylinder 9 further comprises pressure sensor // to measure a temporal development
of an Internal cylinder pressure during the operation of the engine, for example, during
combustion. Pressure sensor // may be a capacitive pressure sensor, an electromagnetic
pressure sensor, a piezoelectric pressure sensor, an optical pressure sensor or any other
pressure sensor known In the art. Pressure sensor 7/ may be mounted at any location of
cylinder 9 convenient for measuring the cylinder pressure during combustion. For example,
pressure sensor /7 may be mounted within a cylinder side wall or at the cylinder head face.
Pressure sensor // may reach at least partly into combustion chamber 10 of cylinder 9, for
example through a bore in a cylinder side wall.

[0048] Pressure sensor /7 may further be disposed outside of the combustion chamber 10 to
detect the cylinder pressure indirectly. For example, pressure sensor 77 may be mounted at an
existing component of the engine, such as a bolt head, spark plug boss, etc. Pressure sensor
/{7 may sense stress of that component during combustion, the stress corresponding to the
Internal cylinder pressure during combustion.

[0049] DF internal combustion engine 200 additionally comprises a control system including
control unit 76. Control unit 76 Is connected to main liquid fuel Injector 38 via control
connection line 108 and, in case of heavy duty DF internal combustion engines, also to ignition
liquid fuel injector 39 via a separate control connection line (not shown).

[0050] Fig. 3 shows a cylinder 9 of a gaseous fuel internal combustion engine 300 being
another exemplary embodiment of internal combustion engine 100 of Fig. 1. Elements already
described Iin connection with Figs. 1 and 2 have the same reference numerals. Gaseous fuel
Internal combustion engine 300 is similar to DF internal combustion engine 200 of Fig. 2,
except for the components described in the following.

[0051] Fuel injection system 50 comprises a pre-combustion chamber 90. Pre-combustion
chamber Is configured to receive a pre-mixture of gaseous fuel and air outside of combustion
chamber 10. The pre-mixture of gaseous fuel and air is ignited, for example by a spark plug, to
provide pilot flames 91 disposed into combustion chamber 10. Pilot flames 91 are used to
ignite the mixture of gaseous fuel and air in combustion chamber 10. Control unit 76 Is
connected to pre-combustion chamber 90 via control connection line 110. Alternatively, fuel

Injection system 50 may be a spark plug for igniting the mixture of gaseous fuel and air via an
electric discharge.

[0052] In general, control unit 76 of an engine as disclosed in connection with Fig. 1 to 3 may
be a single microprocessor or multiple microprocessors that include means for controlling,
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among others, an operation of various components of DF internal combustion engine 200.
Control unit 76 may be a general engine control unit (ECU) capable of controlling numerous
functions associated with DF internal combustion engine 200 and/or its associated
components. Control unit 76 may include all components required to run an application such
as, for example, a memory, a secondary storage device, and a processor such as a central
processing unit or any other means known In the art for controlling DF internal combustion
engine 200 and its components. Various other known circuits may be associated with control
unit /76, including power supply circuitry, signal conditioning circuitry, communication circuitry
and other appropriate circuitry.

[0053] Control unit /6 may analyze and compare received and stored data and, based on
Instructions and data stored in memory or input by a user, determine whether action iIs
required. For example, control unit 76 may receive pressure data from pressure sensor /7,
determine a burn rate profile and compare that burn rate profile with target values stored In
memory, and, based on the results of the comparison, transmit signals to one or more
components of the engine to alter the operation of the same.

Industrial Applicability

[0054] Exemplary internal combustion engines suited to the disclosed control procedure are,
for example, DF internal combustion engines of the series M46DF, M34DF and M43DF or
gaseous fuel internal combustion engines of the series GCM34 and GCM46 manufactured by
Caterpillar Motoren GmbH & Co. KG, Kiel, Germany, or other spark ignited open or pre-
combustion chamber gaseous fuel engines. Respective internal combustion engines may be
operated at 450 - 1500 rom and may be applied, for example, iIn medium speed power
generator sets, a propulsion system and/or compressor or pump drives. Other engines suited
to the disclosed control procedure are, for example, gaseous fuel engines of the series 3600
and 3500, as well as other gas or dynamic gas blending engines manufactured by Caterpillar
Inc., which are typically operated at speeds of up to 1500 rpm or even 3000 rpom. One skilled In
the art would however appreciate that the disclosed control procedures may also be adapted
to suit other internal combustion engines.

[0055] In the following, operation and control of an iInternal combustion engine during
operation on at least partly gaseous fuel - such as internal combustion engines described with
reference to Figs. 1 to 3 - are described In connection with Figs. 4 to 6. For Illustration
purposes, the control procedures described herein are disclosed with reference to structural
elements disclosed in Figs. 1 to 3. However, the skilled person will appreciate that the
respective steps of the control procedure can be performed on other embodiments as well.

[0056] Fig. 4 shows a schematic flow diagram of the disclosed control procedure. Control
steps included in the flow diagram of Fig. 4 are described in connection with Figs. 5 and 6.

[0057] In FIg. 5, a set of three different cylinder pressure profiles 502, 504 and 506 Is shown
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for various operating conditions of internal combustion engine 100. The skilled person will
appreciate that the abscissa of cylinder pressure profiles 502, 504 and 506 may be given In
any unit of time, such as milliseconds, seconds, minutes or degrees crank angle.

[0058] Cylinder pressure profile 502 (indicated by a solid line in Fig. 5) indicates a motored
operation of internal combustion engine 100. In motored operation, no combustion occurs. As
can be seen, cylinder pressure profile 502 illustrates an increase of pressure up to a certain
maximum compression pressure 512, followed by a decay of pressure back to the Initial
pressure. The increase of pressure up to maximum compression pressure 512 corresponds to
the compression of charge air or unignited fuel-air mixture during the upward movement of
piston 84 In cylinder 9. When piston 84 reaches top dead center (TDC), cylinder pressure
profile 502 approaches maximum compression pressure 512. Maximum compression pressure
512 may be for example about 100 bar. Cylinder pressure profile 502 can be measured or
derived from the compression of charge air or unignited fuel-air mixture within cylinder 9 based
on thermodynamic equations, such as equations for adiabatic compression or polytrophic

compression. Additionally or alternatively, cylinder pressure profile 502 may be provided as an
estimate or simulation and may be stored on the memory of control unit /6.

[0059] Cylinder pressure profile 504 (indicated by a dashed line in Fig. 5) represents a desired
cylinder pressure profile during a desired operation of internal combustion engine 100 which
would be obtained, If the internal combustion engine 100 was operated with first operating
parameters on a first gas composition. The skilled person will appreciate that cylinder pressure
profile 504 may depend on a load or speed of internal combustion engine 100. Desired
operation of internal combustion engine 100, as within the meaning of this disclosure, generally
refers to an optimal operation of internal combustion engine 100. For example, a desired
operation of internal combustion engine 100 may refer to achieving an optimal performance of
Internal combustion engine 100 during operation of the same.

[0060] Compared to the motored operation illustrated by cylinder pressure profile 502, the
heat release of the combustion causes the cylinder pressure to increase up to a maximum
combustion pressure 514 far above maximum compression pressure 512 of motored
operation. Additionally, maximum combustion pressure 514 occurs at times later than TDC due
to the finite combustion time. An example value for maximum combustion pressure 514 may
be 190 bar.

[0061] In Fig. 5, exemplary cylinder pressure profile 506 (indicated by a double-dashed line)
may represent a cylinder pressure profile obtained for a second gas composition of the
gaseous fuel admitted to cylinder 9 of internal combustion engine 100 for a single cylinder 9.
Compared to cylinder pressure profiles 502 and 504, cylinder pressure profile 506 has a more
pronounced increase and reaches a maximum combustion pressure 516 at a time 518 that Is
shorter than, for example, a time 520 of maximum combustion pressure 514. Additionally,
maximum combustion pressure 516 may be higher than maximum combustion pressure 514,
but not necessarily. Maximum combustion pressure 516 may even be smaller than maximum
combustion pressure 514.
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[0062] Cylinder pressure profile 506 may correspond to a gaseous fuel with a higher energy
content, such as a gaseous fuel with a higher amount of higher hydrocarbons, or a lower
amount of inert gases. The higher energy content of the gaseous fuel causes the fuel-air
mixture to ignite faster, thereby causing a steeper increase of cylinder pressure and, as shown
In this case, also a higher maximum combustion pressure 516 during operation of internal
combustion engine 100. Again, cylinder pressure profile 506 shows a decreasing cylinder
pressure at times after maximum combustion pressure 516 was reached.

[0063] Control unit 76 may obtain such cylinder pressure profiles as pressure data received
from pressure sensor 77 via readout connection line 102. The pressure data may be available
for discrete times, for example at iIntervals of 0.1° crank angle, or quasi-continuously
depending on the temporal resolution of pressure sensor 77. Alternatively or additionally, the
pressure data may correspond to not only one combustion event but to a plurality of
combustion events. If the pressure data corresponds to a plurality of combustion events,
control unit 76 may average the received pressure data such that, as a result, a cylinder
pressure profile similar to cylinder pressure profiles 504 and 506 Is obtained.

[0064] Once control unit 76 has obtained cylinder pressure profiles such as the ones shown In
Fig. 5, control unit 76 may further - as a routine step - process the cylinder pressure profiles to
obtain respective burn rate profiles. The term "burn rate”, as within the meaning of this
disclosure, represents the mass fraction of burnt fuel over time during a combustion event of
one combustion cycle, expressed In percentage per unit crank angle or per unit time. Burn rate
profiles are derived for each combustion cycle of internal combustion engine 100 from the
pressure data received from pressure sensor /7.

[0065] In FIg. 6, exemplary burn rate profiles are illustrated. Fig. 6 depicts two time-burn rate
graphs of relative burn rate profiles 604 and 606, and two time-burn rate graphs of cumulative
burn rate profiles 604c and 606c. The reader should note that, for clarity, the ordinate of
cumulative burn rate profiles 604c and 606c¢ Is shifted with respect to the ordinate of relative
burn rate profiles 604 and 606. Moreover, the ordinate of cumulative burn rate profiles 604c
and 606c¢ (indicated by "br:") Is shown on the right-hand side of Fig. 6 and the ordinate of

relative burn rate profiles 604 and 606 (indicated by "br") i1s shown on the left-hand side.
However, all four graphs have the same abscissa. The skilled person will appreciate that the
abscissa may be given in any unit of time, such as milliseconds, seconds, minutes or degrees
crank angle.

[0066] Control unit 76 may derive relative burn rate profiles such as relative burn rate profiles
604 and 606 from a difference between cylinder pressure profiles obtained during an actual
combustion event In cylinder 9 (cylinder pressure profiles 504 and 506 of Fig. 5), and the
cylinder pressure profile obtained during motored operation of internal combustion engine 100
(cylinder pressure profile 502 in Fig. 3) using respective equations.

[0067] Control unit 76 may further derive cumulative burn rate profiles 604c and 606¢c by
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Integrating relative burn rate profiles 604 and 606, respectively, over time. As the relative burn
rate corresponds to the mass fraction of burnt fuel per unit crank angle or time, the cumulative
burn rate may also be derived by integrating the mass fraction of burnt fuel over time, which is
why cumulative burn rate profiles typically have an "s'-like shape. Moreover, maximum
cumulative burn rates should ideally approach 100%, as, in principle, the entire mass of fuel
should be burnt at the end of one combustion cycle. In practice, however, due to, for example,
crevices within combustion chamber 10, there Is always a residual amount of unburnt fuel at

the end of a combustion event. Thus, In practice, a maximum cumulative burn rate value
typically approaches about 85% to 99.5%.

[0068] Additionally or alternatively, relative and cumulative burn rate profiles 604, 606 and
604c, 606c, respectively, may also be averaged over a number of combustion cycles, for
example over at least 2 combustion cycles, such as 20 combustion cycles or more, to account
for cycle-to-cycle variations.

[0069] For the sake of this disclosure it iIs assumed, that relative burn rate profile 604 was
derived from cylinder pressure profiles 502 and 504. It should be recalled, that cylinder
pressure profile 504 corresponds to a desired operation of internal combustion engine 100 for
first operating parameters associated with a desired operation of internal combustion engine,
and cylinder pressure profile 502 corresponds to motored operation. Thus, relative burn rate
profile 604 may be a first relative burn rate profile corresponding to a desired relative burn rate
profile. Because cumulative burn rate profile 604c is derived based on relative burn rate profile
604, also cumulative burn rate profile 604c may constitute a desired cumulative burn rate
profile.

[0070] Further, it Is assumed, that relative burn rate profile 606 and cumulative burn rate
profile 606¢c were derived from cylinder pressure profiles 502 and 506. As cylinder pressure
profile 506 was obtained during operation of internal combustion engine 100 on a second gas
composition, relative burn rate profile 606 and cumulative burn rate profile 606¢c may constitute
second burn rate profiles.

[0071] A more detalled description of relative burn rate profiles 604 and 606, and cumulative
burn rate profiles 604c and 606¢ are given, when explaining the control procedure of Fig. 4.

[0072] In Fig. 4, the steps performed by control unit 76 for controlling internal combustion
engine 100 subjected to a variation In gas composition are shown. The control procedure
comprises an analysis section 450 and a control section 460 feeding back into analysis section
450 via loop 470. In analysis section 450, steps are performed for, inter alia, determining
whether a variation in gas composition occurred and whether that change effects the operation
of internal combustion engine 100. Control section 460 then comprises the steps which are
necessary to adapt an operating parameter of internal combustion engine 100, once control
unit /6 has determined that the variation in composition effects the operation of internal
combustion engine 100.
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[0073] At step 400 of analysis section 450, control unit 76 may be provided with a desired burn
rate profile such as relative burn rate profile 604 and/or cumulative burn rate profile 604c.
Moreover, at step 400, control unit 76 may be provided with first operating parameters that are
selected such that internal combustion engine 100 would obtain first burn rate profiles
corresponding to desired burn rate profiles 604, 604c, if operated on the first gas composition.
Desired burn rate profiles 604, 604c and first operating parameters may be stored on the
memory of control unit /6 or may be readily accessible by control unit 76.

[0074] As mentioned, desired burn rate profiles 604 and 604c correspond to a desired
operation of internal combustion engine 100. Desired operation of internal combustion engine
100 may depend on a load, a speed, a power output, or an efficiency of internal combustion
engine 100. Thus, desired burn rate profiles 604 and 604c and first operating parameters may
also depend on a load, speed, power output, or an efficiency of internal combustion engine
100. Accordingly, sets of desired burn rate profiles 604, 604c and first operating parameters for
various loads, speeds, power outputs or efficiencies of internal combustion engine 100 may be
stored on the memory of control unit 76.

[0075] At step 402, internal combustion engine 100 i1s operated with the first operating
parameters on the first gas composition, such that for these first operating parameters a first
burn rate profile associated with the combustion process corresponds essentially to desired
burn rate profiles 604 and 604c. In other words: The first operating parameters of internal
combustion engine 100 correspond to the desired operation of internal combustion engine
100.

[0076] While being operated with these first operating parameters, control unit 76 of internal
combustion engine 100 continuously monitors the burn rate profiles. As already mentioned,
monitoring the burn rate profiles comprises continuously receiving pressure data
corresponding to cylinder pressure profiles, such as cylinder pressure profile 506 of Fig. 5, and
deriving relative and/or cumulative burn rate profiles, such as relative burn rate profile 606
and/or cumulative burn rate profile 606¢c of Fig. 6. The monitoring may occur over a time
period In which the first gas composition changes to a second gas composition. The time
period In which a variation in gas composition occurs may extend, for example, over at least 2
combustion cycles such as 20 combustion cycles or more, or may be several seconds to 120
min or more. Thus, at the end of the monitoring period internal combustion engine 100 is
operated with the first operating parameters on the second gas composition (step 404).

[0077] At step 406, control unit 76 determines that a second burn rate profile, be it a relative or
cumulative burn rate profile, differs from desired burn rate profiles 604 and/or 604c.

[0078] In the following the second burn rate profiles may be referred to as actual burn rate
profiles, because second burn rate profiles constitute current burn rate profiles of internal

combustion engine 100 derived by control unit /6.

[0079] Control unit 76 may determine that actual burn rate profiles differ from desired burn
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rate profiles by continuously calculating a difference between the actual burn rate profile
derived from the pressure data and the desired burn rate profile provided, for example, on the
memory. If the determined difference Is also larger than a predefined threshold value, control
unit /6 associates the determined difference with a variation of gas composition from the first
gas composition to the second gas composition and determines that the first operating
parameters can no longer be considered to correspond to the desired operation of internal
combustion engine 100. If the determined difference Is below the predefined threshold value,

control unit /6 may associate the determined difference as insignificant and maintain the first
operating parameters.

[0080] The threshold values for determining whether a difference does require a change In
operating parameters may be stored on the memory of control unit 76 as predefined threshold

maps or as correlations or equations, or may be a part of other maps stored on the memory of
control unit 76.

[0081] Once control unit 76 has determined that a difference between the actual burn rate
profile and the desired burn rate profile has occurred - and that this difference requires
appropriate adaptions of the operating parameters - control procedure proceeds to control
section 460.

[0082] In control section 460, control unit 76 Initiates an adaption of one or more operating
parameters of internal combustion engine 100. The adaption of the at least one operating
parameter Is initiated to ensure that - after the adaption has occured - a burn rate profile iIs
obtained which is again adjusted to the desired burn rate profile. In other words: Control unit
/6 changes an operating parameter such that a new burn rate profile iIs achieved that
essentially corresponds to the desired burn rate profile.

[0083] Therefore, at step 408A, control unit /6 may adapt a first operating parameter that
enforces a shift of actual burn rate profiles 606 and/or 606c towards desired burn rate profiles
604 and/or 604c, respectively. At step 408B, control unit 76 may adapt a second operating
parameter that adjusts temporal spreads of actual burn rate profiles 606 and/or 606c to be
essentially similar to temporal spreads of desired burn rate profiles 604 and/or 604c,
respectively. Operating parameters that may be used for achieving the shift and changes of
temporal spreads are, for example, an ignition timing, an air-to-fuel ratio, a charge air
pressure, a gas admission duration, a gas admission pressure, a pre-combustion chamber gas
supply pressure, a pre-combustion chamber gas supply duration, an ignition fuel injection
pressure, and an ignition fuel injection duration of internal combustion engine 100.

[0084] The skilled person will appreciate that steps 408A and 408B may be performed In
sequence, In reverse sequence, or simultaneously.

[0085] In an exemplary embodiment, the first operating parameter may be an ignition timing of
Internal combustion engine 100. The ignition timing Is changed such that an actual center of
combustion COC1 approaches a desired center of combustion COC2 (see Fig. 6). At step
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410A, control unit 76 may therefore derive desired center of combustion COC1 by determining
a center point in desired cumulative burn rate profile 604c. The center point I1s at a time that
corresponds to a first threshold value Th1. First threshold value Th1 may be 50% of a
maximum cumulative burn rate value. The time at which cumulative burn rate profile 604c
approaches Th1 - the time at which 50% of the maximum cumulative burn rate value occurs -
IS then associated with desired center of combustion COC1. Likewise, control unit 76
determines actual center of combustion COC2 In actual cumulative burn rate profile 606¢c by
determining a center point at a time that corresponds to Th1 - 50% of the maximum cumulative
burn rate value - with actual center of combustion COC2.

[0086] At step 412A, control unit 76 then determines a difference between the desired and
actual center of combustion COC1 and COC2, respectively, and, at step 414A, control unit 76
adapts an ignition timing of internal combustion engine such that actual center of combustion
COC2 approaches desired center of combustion COC1.

[0087] If actual center of combustion COC2 occurs at times after (before) desired center of
combustion COC1, control unit 76 advances (delays) the ignition timing of cylinder 9.

[0088] In an exemplary embodiment, the second operating parameter which may be adapted
by control unit /6 may be an air-to-fuel ratio of internal combustion engine 100. The air-to-fuel
ratio 1s changed such that an actual combustion duration DOC2 approaches a desired
combustion duration DOC1 (see. Fig. 6). At step 410B, control unit /6 may derive the desired
and actual combustion durations DOC1, DOC2 by determining start points SOC1, SOC2 and
end points EOC1, EOC2 of desired cumulative burn rate profile 604c and actual cumulative
burn rate profile 606¢, respectively. Start points SOC1, SOC2 and end points EOC1, EOC2
may correspond to cumulative burn rates at a certain preset threshold such as exemplary
Indicated by a second threshold value Th2 for start points SCO1, SOC2, and a third threshold
value Th3 for end points EOC1, EOC2, respectively. Start points SOC1, SOC2 may therefore
also be associated with a desired start of combustion SOC1 and actual start of combustion
SOC2, respectively, and end points EOC1, EOC2 may be associated with a desired end of
combustion EOC1 and an actual end of combustion EOC2, respectively.

[0089] To better cope with measurement uncertainties, and thus ensure a more robust
evaluation by control unit 76, Th2 may be proximal to, but not identical with, 0% of a maximum
cumulative burn rate value. Based on the same considerations, threshold value Th3 may be
proximal to, but not identical with, the maximum cumulative burn rate value. For example, start
points SOC1, SOC2 may be at a time corresponding to a cumulative burn rate value within a
range between 0% and 25% of the maximum cumulative burn rate value, such as 10% of the
maximum cumulative burn rate value. Likewise, end points EOC1, EOC2 may be at a time
corresponding to a cumulative burn rate value within a range between 75% and 100% of the
maximum cumulative burn rate value, such as 90% of the maximum cumulative burn rate
value.

[0090] Control unit /6 associates the time span between start points SOC1, SOC2 and end
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points EOC1, EOC2 with the desired and actual combustion durations DOC1 and DOCZ2,
respectively.

[0091] At step 412B, control unit 76 then determines a difference between desired and actual

combustion durations DOC1 and DOC2, respectively, and, at step 414B, adapts the air-to-fuel
ratio of cylinder 9 such that actual combustion duration DOC2 approaches desired combustion

duration DOC1.

[0092] If actual combustion duration DOC2 is longer (shorter) than desired combustion
duration DOC1, control unit /6 decreases (Iincreases) the air-to-fuel ratio of cylinder 9.

[0093] Additionally or alternatively, the ignition timing may be adapted such that start point
SOC2 of actual cumulative burn rate 606¢c approaches start point SOC1 of desired cumulative
burn rate 604c, thereby adapting the actual start of combustion SOC1 to the desired start of
combustion SOC2 and therewith causing the shift of actual burn rate profiles 606 and/or 606c¢
towards desired burn rate profiles 604 and/or 604c, respectively.

[0094] The skilled person will appreciate that the adaption of the air-to-fuel ratio may not only
adjust the combustion duration (DOC) but may also adjust the center of combustion (COC).
Thus, additionally or alternatively, the adaption of the air-to-fuel ratio of internal combustion
engine 100 may be such that actual combustion duration DOC2 and actual center of
combustion COC2 approach desired combustion duration DOC1 and desired center of
combustion COC1.

[0095] The skilled person will also appreciated that the adaption of the ignition timing, start of
combustion, and/or air-to-fuel ratio may be performed within one adjustment step or within a
plurality of adjustment steps, for example, by advancing or delaying the ignition timing stepwise
over the plurality of adjustment steps, and/or by increasing or decreasing the air-to-fuel ratio
over the plurality of adjustment steps.

[0096] Appropriate values for air-to-fuel ratios and/or ignition timings In response to a
determined difference In the combustion duration, start of combustion, and/or center of
combustion may be stored as predefined characteristic maps on the memory of control unit 76.
Those predefined characteristic maps may also contain the aforementioned predefined
threshold values for determining whether the determined difference requires appropriate
adaption of the operating parameters or not.

[0097] The skilled person will appreciate that the adjustment of ignition timing and/or air-to-fuel
ratio may be performed cylinder-specifically, for example for the cylinder associated with the
difference In the center of combustion, start of combustion, and/or combustion duration, or the
adjustment may be performed for a plurality of cylinders of internal combustion engine 100.
Thus, the predefined characteristic maps may be provided for respective cylinders 9 of internal
combustion engine 100.
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[0098] In some embodiments, the adjustment of the ignition timing and/or the air-to-fuel ratio
may be performed iteratively. Thus, no predefined characteristic maps are stored on the
memory of control unit 76, but a difference between actual burn rate profiles 606, 606¢c and
desired burn rate profiles 604, 604c are continuously determined for a stepwise adjustment of
the ignition timing and/or the air-to-fuel ratio until actual burn rate profiles 606, 606¢c have
approached desired burn rate profiles 604, 604c.

[0099] Additionally or alternatively, the predefined characteristic maps may be available for
various operating parameters of internal combustion engine 100 such as for different loads,
speeds or NOx emissions of internal combustion engine 100. Thus, adapting a first and/or
second operating parameter in response to a variation in gas composition may take Into
account maintaining, for example, the load, speed or NOx emissions of internal combustion
engine 100. Therefore, for example, the load or NOx emissions of the first operating condition
of internal combustion engine 100 may be set as fixed parameters and control unit /6 may
adjust the ignition timing and/or air-to-fuel ratio such that these fixed parameters are
maintained. In some embodiments, control unit 76 may therefore communicate with a NOx
sensor and continuously monitor NOx emissions of internal combustion engine 100.

[0100] Additionally or alternatively, further operating parameters such as a charge air
pressure, a gas admission duration, a gas admission pressure, a pre-combustion chamber gas
supply pressure, a pre-combustion chamber gas supply duration, an ignition fuel injection
pressure, and an ignition fuel injection duration, as mentioned earlier, may be used to adjust
the combustion duration, start of combustion, and/or center of combustion.

[0101] In some embodiments, control unit /6 may determine an extent of necessary adaption
of the operating parameters based on an analysis of further actual burn rate profile
parameters, as illustrated in Fig. 6, with respect to desired burn rate profile parameters. Burn
rate profile parameters may be, for example, maximum burn rates 610, 612, and temporal
positions 614, 616 of maximum burn rates 610, 612, respectively; maximum burn rate
Increases 618, 620, and temporal positions 622, 624 of maximum burn rate increases 618,
620, respectively; start points SOC1, SOC2, and end points EOC1, EOC2; as well as an
ignition delay time associated with a time period between a start of injection of gaseous fuel
and a start of combustion (SOC).

[0102] In some embodiments, the aforementioned pre-combustion chamber gas supply
pressure, the pre-combustion chamber gas supply duration, the ignition fuel injection pressure,
and the ignition fuel injection duration may be associated with an ignition energy for an Otto-
gaseous fuel or Diesel-gaseous fuel internal combustion engine, respectively, and the ignition
energy may be adapted to adjust, for example, maximum burn rate increase 618 and/or the
Ignition delay time of one or more cylinders 9 of internal combustion engine 100.

[0103] In some embodiments, control unit /6 may, alternatively or additionally, perfrom the
above-mentioned control procedure based on a heat release rate of the combustion, wherein
the heat release rate is obtained using respective equations.
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[0104] In some embodiments, the first gas composition may change to the second gas
composition without a monitoring period inbetween. This may be the case, for example, when
the first gas composition Is a nominal gas composition provided by the engine manufacturer
during an initial operation of internal combustion engine at the manufacturer site, and internal
combustion engine 100 Is then shipped to the customer site providing internal combustion
engine 100 with a gas composition different to the nominal gas composition.

[0105] The herein described control procedures are, for example, suitable for internal
combustion engines operated In industrial power plants, such as generator sets on oil/gas
platforms, where varying gas qualities may negatively affect the power output, or emissions
such as NOx and unburnt hydrocarbons of the power plant. Using the herein disclosed
aspects, internal combustion engines may run at operating conditions adapted to the current
gas quality and, as a result, power output and/or NOx emissions of the internal combustion
engine may be maintained despite a variation in gas composition.

[0106] Although the preferred embodiments of this invention have been described herein,
iImprovements and modifications may be incorporated without departing from the scope of the
following claims.
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PATENTKRAV

1. Fremgangsmade til styring af en intern forbraendingsmotor (100) i drift pa
mindst delvist gasformigt breendstof, hvilken fremgangsmade omfatter:

tilvejebringelse (trin 400) af en gnsket forbraendingshastighedsprofil (604,
604c), der er associeret med et gnsket forbraendingscentrum (COC1) og en gnsket
forbraendingsstart (SOC1) og svarende til en gnsket drift af den interne
forbraendingsmotor (100), og farste driftsparametre, som er valgt saledes, at en drift
af den interne forbreendingsmotor (100) med en fgrste gassammensaetning opnar en
forste forbraendingshastighedsprofil, der svarer til den gnskede
forbraendingshastighedsprofil (604, 604c);

drift (trin 404) af den interne forbraendingsmotor (100) med de forste
driftsparametre pa en anden gassammensaetning, hvorved der modtages
trykdata svarende til en cylindertryksprofil (506);

udledning ud fra trykdataene aft en anden forbraendingshastighedsprofil
(606, 606¢C)

kendetegnet ved, at

den anden forbraendingshastighedsprofil (606, 606c¢) indbefatter en relativ
forbraendingshastighedsprofil (606) og en kumulativ forbraendingshastighedsprofil
(606c) for hver forbraendingsbegivenhed, idet den kumulative
forbraendingshastighedsprofil (606c) er den akkumulerede relative
forbraendingshastighedsprofil (606) i labet af varigheden af én forbraendingscyklus;

0g ved, at fremgangsmaden endvidere omfatter

bestemmelse (trin 406) af, at den anden forbraendingshastighedsprofil
(606, 606cC) adskiller sig fra den gnskede forbraendingshastighedsprofil (604,
604c), hvilket dermed indikerer, at den anden gassammensaetning adskiller sig
fra den fgrste gassammensaetning; og

tilpasning (trin 408A, 408B) af en driftsparameter af de fgrste drittsparametre
for den interne forbraendingsmotor (100) til at naerme sig den gnskede
forbraendingshastighedsprofil (604, 604c) ved tilpasning (trin 408A) af en farste
driftsparameter til at skifte en tidsmaessig position for forbraendingshastighedsprofilen
ved udledning (trin 410A) ud fra den kumulative forbraendingshastighedsprofil (606c¢)
af et faktisk forbreendingscentrum (COC2) og/eller en faktisk forbraendingsstart

(SOC2); og bestemmelse (trin 412A) af en forskel mellem det faktiske
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forbraendingscentrum (COC2) og det gnskede forbraendingscentrum (COC1) for den
gnskede kumulative forbraendingshastighedsprofil (604c) og/eller en forskel mellem
den faktiske forbraendingsstart (SOC2) og den gnskede forbraendingsstart (SOC1) for
den gnskede kumulative forbraendingshastighedsprofil (604c),

hvor tilpasning (trin 408A, 408B) af en driftsparameter omfatter:

tilpasning (trin 408B) af en anden driftsparameter til at indstille en
tidsmaessig spredning af forbraendingshastighedsprofilen; og

hvor driftsparameteren er en af teendingsindstilling, forhold mellem luft og
braendstof, ladelufttryk, gastilfarselsvarighed, gastilfarselstryk,
forforbraendingskammergastilfarselstryk,
forforbraendingskammergastilfgrselsvarighed, taendingsbraendstofindsprajtningstryk
0g teendingsbraendstofindsprajtningsvarighed; og

tilpasning (trin 414A) af en teendingsindstilling, saledes at det faktiske
forbreendingscentrum (COC2) og/eller den faktiske forbraendingsstart (SOC2)
naermer sig det gnskede forbraendingscentrum (COC1) og/eller den gnskede
forbraendingsstart (SOC1);

2. Fremgangsmade ifalge krav 1, hvor udledning af
forbraendingshastighedsprofilen (604, 604c, 606, 606¢) endvidere omfatter:
middelvaerdibestemmelse af den relative forbraendingshastighedsprofil
(606) og den kumulative forbraendingshastighedsprofil (606c) | lgbet af en flerhed
af forbraendingscykler, for eksempel over mindst 2 forbreendingscykler, sasom 20
forbraendingscykler, med henblik pa at tage hajde for variationer fra cyklus til

cyklus for den faktiske forbraendingshastighedsprofil (606, 606c).

3. Fremgangsmade ifalge kravene 1 til 2, hvor udledning af et
forbreendingscentrum (COC1, COC2) endvidere omfatter:

bestemmelse af et midtpunkt for den kumulative
forbreendingshastighedsprofil (604c, 606c¢) pa et tidspunkt svarende til 50 % af
en maksimal kumulativ forbraendingshastighedsvaerdi; og

associering af midtpunktet med forbraendingscentret (COC1, COC2).

4. Fremgangsmade ifalge kravene 1 til 3, hvor tilpasning (trin 414A) af en

teendingsindstilling omfatter:
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bestemmelse af, at det faktiske forbraendingscentrum (COC2) svarer til
tidspunkter efter (far) det gnskede forbraendingscentrum (COC1); og

fremrykning (forsinkelse) af teendingsindstillingen for en cylinder (9),
associeret med bestemmelsen af, at det faktiske forbraendingscentrum (COC2)

svarer til tidspunkter efter (for) det anskede forbraendingscentrum (COC1).

D. Fremgangsmade ifglge kravene 1 til 4, hvor tilpasning (trin 408B) af en
anden driftsparameter omfatter:

udledning (trin 410B) ud fra den kumulative forbraendingshastighedsprofil
(606c) af en faktisk forbreendingsvarighed (DOC2);

bestemmelse (trin 412B) af en forskel mellem den faktiske
forbreendingsvarighed (DOC2) og en gnsket forbraendingsvarighed (DOC1) for
den gnskede kumulative forbraendingshastighedsprofil (604c); og

tilpasning (trin 414B) af et forhold mellem luft og breendstof, saledes at den
faktiske forbreendingsvarighed (DOC2) naermer sig den gnskede
forbraendingsvarighed (DOC1).

6. Fremgangsmade ifglge krav 5, hvor udledning af en
forbreendingsvarighed (DOC1, DOC2) endvidere omfatter:

bestemmelse af en forbreendingsstart (SOC1, SOC2) og en
forbreendingsafslutning (EOC) for den kumulative forbreendingshastighedsprofil
(604c, 606cC); og

associering af tidsrummet mellem forbreendingsstarten (SOC1, SOC2) og
forbreendingsaftslutningen (EOC1, EOC2) med forbraendingsvarigheden (DOCT,
DOC2), hvor

forbraendingsstarten (SOC1, SOC2) er pa et tidspunkt svarende til den
kumulative forbraendingshastighedsprofil (604c, 606c¢) inden for et interval fra
0 % til 25 % af en maksimal kumulativ forbraendingshastighedsveaerdi, sasom
10 % af den maksimale kumulative forbraendingshastighedsvaerdi; og

forbreendingsafslutningen (EOC1, EOC2) er pa et tidspunkt svarende til
den kumulative forbraendingshastighedsprofil (604c, 606¢) inden for et interval
fra 75 % til 100 % af en maksimal kumulativ forbraendingshastighedsveerdi,

sasom 90 % af den maksimale kumulative forbraendingshastighedsveerdi.
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/. Fremgangsmade ifglge krav 5 eller 6, hvor tilpasning (trin 414B) af et
forhold mellem luft og braendstot omfatter:
bestemmelse af, at den faktiske forbreendingsvarighed (DOC2) er
lzengere (kortere) end den gnskede forbreendingsvarighed (DOC1); og
formindskelse (forggelse) af et forhold mellem luft og braendstof for en
cylinder (9), associeret med bestemmelsen af, at den faktiske forbraendingsvarighed

(DOC?2) er leengere (kortere) end den gnskede forbreendingsvarighed (DOC1).

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
fremgangsmaden udfgres cylinderspecifikt eller for en flerhed af cylindre (9); og/eller
hvor passende veerdier for tilpasning af driftsparameteren sasom
teendingsindstillingen og/eller forholdet mellem luft og braendstof tilvejebringes
baseret pa foruddefinerede egenskabskort, som er tilvejebragt for individuelle
cylindre eller for en flerhed af cylindre; og/eller

hvor de foruddefinerede egenskabskort athaenger af yderligere
driftsparametre for den interne forbraendingsmotor (100), sasom af en belastning,
en hastighed eller NOx-emissioner; og/eller

hvor tilpasning af driftsparameteren sasom taendingsindstillingen og/eller
forholdet mellem luft og braendstof udtares trinvis 1 lgbet af en flerhed af

indstillingstrin.

9. Fremgangsmade ifaglge et hvilket som helst af de foregaende krav, der
endvidere omfatter:

bestemmelse af et omfang af tilpasningen af driftsparameteren baseret
pa en analyse af mindst én af fglgende forbraendingshastighedsprofilparametre:

en maksimal forbreendingshastighed (610, 612);

en tidsmaessig position for den maksimale forbraendingshastighed (614, 616);

en maksimal forbraendingshastighedsftorggelse (618, 620);

en tidsmaessig position for den maksimale
forbraendingshastighedsforggelse (622, 624);

en forbreendingsstart (SOC2, SOC1);

et forbreendingscentrum (COC2, SOC1);

en forbreendingsafslutning (EOC2, EOC1); og

en forbraendingsvarighed (DOC2, DOC1).
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10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
bestemmelse (trin 406) af, at en anden forbreendingshastighedsprofil (606, 606c¢)
adskiller sig fra den gnskede forbraendingshastighedsprofil (604, 604c) omfatter:

bestemmelse af en forskel mellem den anden forbraendingshastighedsprofil
(606, 606¢) 0g den gnskede forbraendingshastighedsprofil (604, 604c); og

bestemmelse af, at forskellen er ud over en toruddefineret taerskelveerdi.

11. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, der
endvidere omfatter:

drift (trin 402) af den interne forbraendingsmotor (100) med de farste
driftsparametre pa den fgrste gassammensaetning;

monitorering af en tidsmaessig udvikling af en
forbraendingshastighedsprofil | lgbet af et tidsrum, hvor der optradte en variation |
gassammensaetning fra den fgrste gassammensastning til den anden
gassammenseaetning, saledes at den interne forbraendingsmotor (100) drives pa

den anden gassammensaetning, mens de farste driftsparametre opretholdes.

12. Intern forbraendingsmotor (100) til drift pa mindst delvist gasformigt
braendstof, idet den interne forbraendingsmotor (100) omfatter:

en tryksensor (77), der er konfigureret til at detektere en
cylindertryksprofil (504, 506) for den interne forbraendingsmotor (100); og

en styreenhed (76), som er forbundet med tryksensoren (77) og konfigureret

til at udfare fremgangsmaden ifglge et hvilket som helst af de foregaende krav.
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