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DESCRIPTION

Description

[0001] The invention relates to a method and a system for controlling the operation of a large
reciprocating piston combustion engine of the diesel type according to the preamble of claim 1
and claim 9, respectively, to a retrofit set for controlling the operation of a large reciprocating
piston combustion engine of the diesel type according to claim 10 and to a large reciprocating
piston combustion engine of the diesel type according to claim 11.

[0002] In large reciprocating piston combustion engines of the diesel type and particularly in
two-stroke large reciprocating piston combustion engines of the diesel type nozzles are used
for injecting fuel into a combustion space which is arranged in each cylinder of the engine. As a
rule, the injection timing is optimized to yield maximum efficiency at full load. At partial load the
efficiency of the engine usually decreases. In modern large reciprocating piston combustion
engines of the diesel type so-called variable injection timing is therefore applied in a partial
load range in order to compensate the decrease in efficiency occurring at partial load. In the
partial load range in which variable injection timing is applied the value of the injection begin
angle is automatically advanced depending on engine load and optionally on the scavenge air
pressure.

[0003] In addition, an adjustable Fuel Quality Setting can be provided for compensating poor
fuel ignition properties by advancing the value of the injection begin angle.

[0004] In document EP 0 781 907 A1 a method and an apparatus for operating a self-igniting
reciprocating piston combustion engine in a partial load range are described in which at least
one state variable or at least two state variables of the reciprocating piston combustion engine
are measured with a sensor each and both the start of fuel injection as well as the start of the
opening and/or closing of an inlet or exhaust valve are regulated in response to the measured
state variables in such a manner that the maximum compression pressure in the combustion
chamber as a function of the load in an upper partial load range remains constant or nearly
constant. The state variable or state variables can be any of the following variables:
turbocharger boost pressure, maximum pressure in the cylinder, pressure at a given
crankshaft angle in the cylinder, engine power, rotational speed of the engine, rotational speed
of the turbocharger, temperature after the compressor, temperature after the boost air cooler,
amount of combustion air, exhaust gas temperature before the turbocharger, exhaust gas
temperature after the turbocharger or the amount of fuel.

[0005] Further large reciprocating piston combustion engines are disclosed in documents
DE19937139C1 and US2005145222.
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[0006] In large reciprocating piston combustion engines of the diesel type operated on low
engine load for a prolonged period of time piston rings could adopt their shape to the specific
conditions, i.e. to low combustion pressure and low gas forces. If after such a period of time
the engine load is increased, e.g. by accelerating the engine speed, the piston rings might not
immediately be able to seal properly, and it might not be possible to maintain an oil film
between the piston rings and the cylinder liner. The risk of scuffing between piston rings and
cylinder liner is therefore increased during acceleration of engine speed.

[0007] It is an object of the present invention to provide a method, a system and a retrofit set
for controlling the operation of a large reciprocating piston combustion engine of the diesel
type and to provide a large reciprocating piston combustion engine of the diesel type including
such a system or such a retrofit set which assist in reducing scuffing and in increasing service
life of piston rings and cylinder liners.

[0008] This object is satisfied in accordance with the invention by the method, and the system
defined in claims 1, and 9 respectively, by the retrofit set defined in claim 10 and by the large
reciprocating piston combustion engine of the diesel type defined in claim 11.

[0009] The method according to the invention for controlling the operation of a large
reciprocating piston combustion engine of the diesel type includes injecting fuel into a
combustion chamber of the reciprocating piston combustion engine and applying so-called
variable injection timing in a partial load range by advancing the value of the injection begin
angle depending on engine load or engine speed. The method additionally includes detecting
an increase in engine load or engine speed, comparing the detected increase with a
predetermined value and shifting the injection begin caused by the variable timing to zero if the
detected increase exceeds the predetermined value, and advancing the value of the injection
begin angle to the value given by variable injection timing under steady state conditions after
stabilization of the engine load or engine speed, wherein the stabilization of the engine load or
engine speed, is defined as being established after a predefined stabilization time between 30
and 60 minutes or longer.

[0010] The value of the injection begin angle is advantageously advanced with a
predetermined ramp up time to the value given by variable injection timing under steady state
conditions after stabilization of the engine load or engine speed.

[0011] Upon detection of an increase in engine load or engine speed, the advance in the
injection begin angle caused by variable injection timing is advantageously shifted to zero with
a predetermined ramp down time if the detected increase exceeds the predetermined value.

[0012] The partial load range in which variable injection timing is applied typically extends from
about 60 % to 95 % of full engine load or full engine speed.

[0013] In an advantageous embodiment the increase in engine load or engine speed is
detected in a time interval, in particular a time interval of 10 minutes maximum or 20 minutes
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maximum or 30 minutes maximum, and wherein the advance in the injection begin angle
caused by variable injection timing is kept unchanged or shifted to zero if the detected increase
exceeds the predetermined value in this time interval.

[0014] The predetermined value with which the detected increase is compared can e.g. be at
least 1.5 % or 2 % of the full engine load or engine speed and can optionally depend on the
engine load and/or on the size of the engine.

[0015] In a further advantageous embodiment of the method an operator adjustable Fuel
Quality Setting is provided for compensating poor fuel ignition properties by advancing or
retarding the value of the injection begin angle, and the advance or retard in the injection begin
angle caused by Fuel Quality Setting is either kept unchanged or shifted to zero if the detected
increase exceeds the predetermined value.

[0016] In an advantageous embodiment variant, after stabilization of the engine load or engine
speed, in particular after a predefined stabilization time between 30 and 60 minutes or longer,
the advance or retard in the injection begin angle caused by Fuel Quality Setting is shifted to
the value it had before the detected increase exceeded the predetermined value.

[0017] The system according to the invention for controlling the operation of a large
reciprocating piston combustion engine of the diesel type includes an injection nozzle for
injecting fuel into a combustion chamber of the reciprocating piston combustion engine and a
control unit for applying so-called variable injection timing in a partial load range by advancing
the value of the injection begin angle depending on engine load or engine speed. The system
additionally includes a detector for detecting an increase in engine load or engine speed or in
the engine load or engine speed setting, wherein the system is capable and/or configured to
compare the detected increase with a predetermined value and to keep the advance in the
injection begin angle caused by variable injection timing unchanged or to shift it to zero if the
detected increase exceeds the predetermined value, and wherein the system is capable and/or
configured to advance the value of the injection begin angle to the value given by variable
injection timing under steady state conditions after stabilization of the engine load or engine
speed, in particular after a predefined stabilization time between 30 and 60 minutes or longer.

[0018] In a further advantageous embodiment the system contains a software according to the
description given above, wherein the software is loaded into the control unit and/or system
memory for system operation.

[0019] The invention further includes a retrofit set which contains a control unit for
implementing a system according to one or several of the embodiments or embodiment
variants described above for controling the operation of a large reciprocating piston
combustion engine of the diesel type. In an advantageous embodiment variant the retrofit set
is implemented as a modification of a remote control set for controlling the operation of a large
reciprocating piston combustion engine of the diesel type.
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[0020] The large reciprocating piston combustion engine of the diesel type according to the
invention includes at least one combustion chamber and a system according one or several of
the embodiments or embodiment variants described above or a retrofit set according to one or
several of the embodiments or embodiment variants described above for controlling the
operation of the reciprocating piston combustion engine.

[0021] The method, system and retrofit set according to the invention are suitable for the
operation of stationary and mobile two-stroke and four-stroke large reciprocating piston
combustion engines of the diesel type, in particular for four-stroke diesel engines with a
cylinder bore of greater than 160 mm or greater than 200 mm or for two-stroke diesel engines
with a cylinder bore of greater than 270 mm or greater than 300 mm diameter.

[0022] The method, system and retrofit set according to the invention and the large
reciprocating piston combustion engine of the diesel type according to the invention have the
advantage that they reduce the combustion pressure pcomp and the gradient dp.omp/da , which

describes how fast the combustion pressure rises, due to advanced injection begin. This
minimizes the combustion pressure impact on the piston rings. The piston rings will have better
chances to be properly pressed against the liner wall and to properly seal. Elimination of the
variable injection timing effect and optionally of the Fuel Quality Setting effect during engine
load up increases the safety margin of piston running also due to the fact that with retarded
injection begin angle the energy of the exhaust gases is higher and turbocharger speed,
scavenge air pressure and mass flow is consequently increased. Thus, an increase in the
maximum temperature of "hot parts" caused by an increased amount of fuel injected for engine
load up is avoided or limited by the increased scavenge air flow. Moreover, emissions are
reduced during engine load up due to better scavenging of the cylinders.

[0023] The above description of the embodiments and variants serves merely as an example.
Further advantageous embodiments can be seen from the dependent claims and the drawing.
Moreover, in the context of the present invention, individual features from the described or
illustrated embodiments and from the described or illustrated variants can be combined with
one another in order to form new embodiments.

[0024] In the following the invention will be explained in more detail with reference to the
specific embodiment and with reference to the drawing.

Fig. 1
is an embodiment of a large reciprocating piston combustion engine of the diesel type
according to the present invention;

Fig. 2
is a schematic view of an embodiment of a system for controlling the operation of a large
reciprocating piston combustion engine of the diesel type according to the present
invention;

Fig. 3
is an exemplary diagram of the advance of the injection begin angle as a function of the
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engine load for a large reciprocating piston combustion engine of the diesel type
according to the present invention;

Fig. 4A,B
are exemplary diagrams of the pressure in the cylinder of a large reciprocating piston
combustion engine of the diesel type according to the present invention as a function of
the crankshaft angle, without and with variable injection timing respectively;

Fig. 5A
is an exemplary diagram of the variation of the engine load for a large reciprocating
piston combustion engine of the diesel type according to the present invention as a
function of time; and

Fig. 5B
is an exemplary diagram of the so-called "dead band" width of the engine load for a
large reciprocating piston combustion engine of the diesel type according to the present
invention as a function of the engine load.

[0025] Fig. 1 shows an embodiment of a large reciprocating piston combustion engine of the
diesel type 1 and particularly a two-stroke large reciprocating piston combustion engine of the
diesel type according to the present invention. The engine 1 typically contains a crankshaft 2
which is rotatably journalled in a crankshaft housing, a plurality of cylinders and a piston 10
each, which is movably arranged in a cylinder liner 11. The piston 10 is usually connected to a
respective crosshead 8 via a piston rod 9 and the crosshead 8 is connected to the crankshaft 2
via a connecting rod to drive the crankshaft. The cylinder liner 11 is upwardly closed by a
cylinder cover so that a combustion space 3 is respectively formed in the cylinder between the
piston and the cylinder cover.

[0026] In the embodiment shown in Fig. 1 the cooperation between the crankshaft 2 and the
fuel supply is advantageously controlled electronically by a control unit 20. The fuel can e.g. be
supplied to an injection nozzle 12 with a high pressure pump 4 via a tube line 6 and via an
injection device 7. In an advantageous embodiment variant the cooperation between the
crankshaft 2 and outlet valve 13 is also controlled electronically by the control unit 20. A
hydraulic system comprising a pressure pump 14, a tube line 16 and a control valve 17 allows
to open and to close the outlet valve 13. The control unit 20 is advantageously connected to
either or both of the injection device 7 and the control valve 17 via control lines 19a, 19b
respectively. Moreover, either or both of the tube line or tube lines 6, 16 can be connected to
an optional accumulator 5, 15 respectively.

[0027] The large reciprocating piston combustion engine of the diesel type can optionally
include a turbocharger 18 through which the exhaust gas coming from the outlet valve 13 is
passed in order to increase the efficiency of the large reciprocating piston combustion engine
of the diesel type.

[0028] In an advantageous embodiment variant the large reciprocating piston combustion
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engine 1 is implemented as a longitudinally scavenged two-stroke diesel engine which has a
centrally arranged outlet valve 13 and a plurality of injection nozzles 12 which are arranged
peripherally at the cylinder cover. Usually a two-stroke diesel engine 1 of this kind has two to
four injection nozzles 12 for fuel injection.

[0029] In addition the large reciprocating piston combustion engine of the diesel type 1
includes a system according to the invention for controlling the operation of the engine. This
system is explained in detail in connection with the description of Fig. 2 below.

[0030] Fig. 2 shows a schematic view of an embodiment of a system according to the present
invention for controlling the operation of a large reciprocating piston combustion engine of the
diesel type. The system 30 shown includes at least one injection nozzle 32.1, 32.2 for injecting
fuel into a combustion chamber 23 of the reciprocating piston combustion engine and a control
unit 20 for applying so-called variable injection timing in a partial load range by advancing the
value of the injection begin angle depending on engine load or engine speed. The system
additionally includes a detector 21 for detecting an increase in engine load or engine speed or
in the engine load or engine speed setting, wherein the system is configured to compare the
detected increase with a predetermined value and to keep the advance in the injection begin
angle caused by variable injection timing unchanged or to shift it to zero if the detected
increase exceeds the predetermined value, and wherein the system advances the value of the
injection begin angle to the value given by variable injection timing under steady state
conditions after stabilization of the engine load or engine speed, in particular after a predefined
stabilization time between 30 and 60 minutes or longer.

[0031] The detector 21 is advantageously connected to the control unit 20, for example via a
line 21a, and can e.g. be implemented and arranged to detect the angle of the crankshaft 22
or of an axis driven by the crankshaft.

[0032] In an advantageous embodiment variant the system includes injection devices 27.1,
27.2 and a fuel supply including a tube line or tube lines 26 connected to the injection devices.
The control unit 20 is favorably connected to each of the injection devices 27.1, 27.2 via control
lines 29.1, 29.2 respectively. Moreover, the injection devices 27.1, 27.2 are usually connected
to the injection nozzles 32.1, 32.2 via feed lines 28.1, 28.2 respectively.

[0033] In another advantageous embodiment variant of the system the injection nozzle or
nozzles 32.1, 32.2 of a known type of construction each have a nozzle needle 34.1, 34.2 which
is pressed against a seat area by the action of a closing spring 35.1, 35.2. Beneath the seat
area a blind hole is arranged in the nozzle housing, from which injection holes 33.1, 33.2 lead
into the combustion chamber 23. A pressure chamber 31.1, 31.2 is each arranged in the
nozzle housing above the seat area and is connected to the feed lines 28.1, 28.2 respectively.
During the injection phase of the injection nozzle 32.1, 32.2 the pressure of the fuel supplied to
the pressure chamber 31.1, 31.2 is so great that the closing force of the spring 35.1, 35.2 is
overcome and the nozzle needle 34.1, 34.2 is lifted off the seat area so that the fuel is let into
the blind hole and is ejected into the combustion chamber 23 through the injection holes 33.1,
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33.2. A line 25 can be connected to the housing of the injection nozzles 32.1, 32.2 for
conveying off leakage fuel.

[0034] For better understanding the piston 10, the cylinder liner 11 and the cylinder cover 11
are schematically indicated in Fig. 2 by dashed lines.

[0035] An embodiment of the method in accordance with the invention for controlling the
operation of a large reciprocating piston combustion engine of the diesel type 1 will be
described in the following with reference to Figures 1 and 2. The method includes injecting fuel
into a combustion chamber 3, 23 of the reciprocating piston combustion engine 1 and applying
so-called variable injection timing in a partial load range by advancing the value of the injection
begin angle depending on engine load or engine speed. The method additionally includes
detecting an increase in engine load or engine speed, comparing the detected increase with a
predetermined value and keeping the advance in the injection begin angle caused by variable
injection timing either unchanged or shifting it to zero if the detected increase exceeds the
predetermined value, and advancing the value of the injection begin angle to the value given
by variable injection timing under steady state conditions after stabilization of the engine load
or engine speed, for example after a predefined stabilization time between 30 and 60 minutes
or longer.

[0036] The value of the injection begin angle is advantageously advanced with a
predetermined ramp up time to the value given by variable injection timing under steady state
conditions after stabilization of the engine load or engine speed.

[0037] Upon detection of an increase in engine load or engine speed, the advance in the
injection begin angle caused by variable injection timing is advantageously shifted to zero with
a predetermined ramp down time if the detected increase exceeds the predetermined value.

[0038] In an advantageous embodiment the increase in engine load or engine speed is
detected in a time interval, in particular a time interval of 10 minutes maximum or 20 minutes
maximum or 30 minutes maximum, and wherein the advance in the injection begin angle
caused by variable injection timing is kept unchanged or shifted to zero if the detected increase
exceeds the predetermined value in this time interval.

[0039] The partial load range in which variable injection timing is applied typically extends from
about 60 % to 95 % of full engine load or full engine speed.

[0040] The predetermined value with which the detected increase is compared can e.g. be at
least 1.5 % or 2 % of the full engine load or engine speed and can optionally depend on the
size of the engine.

[0041] In a further advantageous embodiment of the method an operator adjustable Fuel
Quality Setting is provided for compensating poor fuel ignition properties by advancing or
retarding the value of the injection begin angle, for example by a manually input value, and the



DK/EP 2565432 T3

advance or retard in the injection begin angle caused by Fuel Quality Setting is either kept
unchanged or shifted to zero if the detected increase exceeds the predetermined value.

[0042] In an advantageous embodiment variant, after stabilization of the engine load or engine
speed, in particular after a predefined stabilization time between 30 and 60 minutes or longer,
the advance or retard in the injection begin angle caused by Fuel Quality Setting is shifted to
the value it had before the detected increase exceeded the predetermined value.

[0043] Fig. 3 shows an exemplary diagram of the advance Aa of the injection begin angle as a
function of the engine load P under steady state conditions for a large reciprocating piston
combustion engine of the diesel type according to the present invention which is controlled by
applying variable injection timing. Above 50 % engine load the advance Aa of the injection
begin angle starts to increase from zero as indicated by the full line 36 to a maximum value
which is reached at about 90 % engine load. Above 90 % engine load the advance Aa of the
injection begin angle steeply decreases to zero which is reached above 95 % engine load.

[0044] When operator adjustable Fuel Quality Setting is provided the value of the injection
begin angle is usually advanced manually by a constant value in order to compensate poor fuel
ignition properties. Above 50 % engine load the advance Aa of the injection begin angle starts
to increase from the constant value as indicated by the dashed line 36' to a maximum value
which is reached at about 90 % engine load. Above 90 % engine load the advance Aa of the
injection begin angle steeply decreases to the constant value which is reached above 95 %
engine load. When adjustable Fuel Quality Setting is applied, the advance Aa of the injection
begin angle is usually just shifted by a constant value compared to the advance Aa of the
injection begin angle when only variable injection timing is applied.

[0045] Fig. 4A and B show exemplary diagrams of the pressure p.omp in the cylinder of a large

reciprocating piston combustion engine of the diesel type according to the present invention as
a function of the crankshaft angle a. Fig. 4A shows the course 40 of the pressure p.omp in the

cylinder at partial load without variable injection timing while Fig. 4B shows the course 40’ of
the pressure peomp in the cylinder at the same partial load with variable injection timing. The

maximum of the pressure p.omp With variable injection timing is clearly higher than the
maximum of the pressure p.omp Without variable injection timing as can be seen easily when
comparing Figures 4A and 4B.

[0046] Moreover, a tangent 41, 41' each has been drawn to the course 40, 40' of the pressure
Pcomb iN the cylinder shown in Figures 4A and 4B. The gradients dp.omp/da characterized by

an elevation ¢ and ¢' describe how fast the combustion pressure peomp rises. As can be seen
easily when comparing Figures 4A and 4B, the combustion pressure p.omp rises faster when
variable injection timing is applied compared to the rise of the combustion pressure psomb

when no variable injection timing is applied.

[0047] Fig. 5A shows an exemplary diagram of the variation of the engine load P for a large
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reciprocating piston combustion engine of the diesel type according to the present invention as
a function of time t. In the first half of the diagram the variation of the engine load is within a so
called dead band, i.e. the variation is smaller than the width b of the dead band and variable
injection timing is applied as e.g. indicated in Fig. 3. Than the engine load increases and the
variation of the engine load exceeds the width b of the dead band.

[0048] In an advantageous embodiment the width b of the dead band corresponds to the
predetermined value used in the system and method according to the invention, wherein the
method includes detecting an increase in engine load, comparing the detected increase with
the predetermined value and keeping the advance in the injection begin angle caused by
variable injection timing either unchanged or shifting it to zero if the detected increase exceeds
the predetermined value, and advancing the value of the injection begin angle to the value
given by variable injection timing after stabilization of the engine load or engine speed, for
example after a predefined stabilization time between 30 and 60 minutes or longer.

[0049] As shown in Fig. 5A the engine load starts to stabilize after a certain time, e.g. after 15
minutes.

[0050] Fig. 5B shows an exemplary diagram of the so-called dead band width b of the engine
load for a large reciprocating piston combustion engine of the diesel type as a function of the
engine load P. The width b of the dead band starts, as shown in Fig 5B, at about 50 % engine
load with a comparatively high value of typically 5 to 8 % of full engine load and decreases to
typically 1.5 to 3 % at 100 % engine load.

[0051] The invention further includes a retrofit set which contains a control unit for
implementing a system according to one or several of the embodiments or embodiment
variants described above for controling the operation of a large reciprocating piston
combustion engine of the diesel type. In an advantageous embodiment variant the retrofit set
is implemented as a modification of a remote control set for controlling the operation of a large
reciprocating piston combustion engine of the diesel type.

[0052] The method, system and retrofit set according to the invention can in the same way
include further control functions such as variable exhaust valve opening and/or variable
exhaust valve closing in order to increase the efficiency of the large reciprocating piston
combustion engine of the diesel type in a partial load range. These further control functions
can be disabled in the same way as the variable injection timing and the Fuel Quality Setting
described above during an increase in engine load or engine speed During an increase in
engine load or engine speed a slightly lower efficiency is achieved when using the method,
software, system and retrofit set according to the invention for controlling the operation of a
large reciprocating piston combustion engine of the diesel type due to temporarily disabling the
variable injection timing, Fuel Quality Setting or other control functions intended for increasing
efficiency in a partial load range. The temporary disabling of these control functions is,
however, short and negligible compared to the whole operation time of the large reciprocating
piston combustion engine of the diesel type. The method, system and retrofit set according to
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the invention and the large reciprocating piston combustion engine of the diesel type according
to the invention have, on the other hand, the advantage that they assist in reducing scuffing
and that the service life of piston rings and cylinder liners is increased. Seen from an overall
economic point, these advantages clearly outweigh the slightly lower efficiency during engine
load up.
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PATENTKRAYV

1. Fremgangsmade til styring af driften af en stor forbreendingsmotor (1) med frem-
og tilbagegaende stempel af diseltypen, hvilken fremgangsmade indbefatter
indsprejtning af breendstof i et forbreendingskammer (3, 23) i forbraendingsmotoren
med frem- og tilbagegédende stempel og anvendelse af en variabel
indsprgjtningstiming under stabile forhold ved at fremskynde en veerdi af
indsprejtningsstartvinklen ved hjeelp af en fremskyndelsesveerdi (Aa) af indsprajt-
ningsstartvinklen i et delbelastningsomrade, afheengigt af motorbelastning eller
motorhastighed for at kompensere for et fald i virkningsgraden, som forekommer
ved delbelastning, hvor en stigning i motorbelastningen eller motorhastigheden
detekteres, hvor den detekterede stigning | motorbelastningen eller
motorhastigheden sammenlignes med en forudbestemt veerdi, og hvis den
detekterede stigning i motorbelastningen eller motorhastigheden er lig med eller
mindre end den forudbestemte veerdi, bibeholdes fremskyndelsesmaengden (Aa)
af indsprejtningsstartvinklen forarsaget af den variable indsprajtnings-
timing, kendetegnet ved, at hvis den detekterede stigning i motorbelastningen
eller motorhastigheden overstiger den forudbestemte veerdi, forskydes
fremskyndelsesmaengden (Aa) af indsprejtningsstartvinklen forarsaget af den
variable indsprajtningstiming til nul indtil efter stabilisering af motorbelastningen
eller motorhastigheden, nar veerdien af indsprejtningsstartvinklen fremskyndes
ved hjeelp af fremskyndelsesmaengden (Aa) i indsprgjtningsstartvinklen givet af
den variable indsprgjtningstiming under stabile forhold, afheengigt af
motorbelastningen  eller  motorhastigheden, hvor  stabiliseringen  af
motorbelastningen eller motorhastigheden er defineret som etableret efter en

foruddefineret stabiliseringstid mellem 30 og 60 minutter eller lsengere.

2. Fremgangsmade ifglge krav 1, hvor stigningen i motorbelastningen eller
motorhastigheden detekteres i et tidsinterval, iseer et tidsinterval pa maksimalt 10

minutter eller maksimalt 20 minutter eller maksimalt 30 minutter, og hvor
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fremskyndelsesmaengden (Aa) i indsprejtningsstartvinklen forarsaget af den
variable indsprejtningstiming forskydes til nul, hvis den detekterede stigning

overstiger den forudbestemte veerdi i dette tidsinterval.

3. Fremgangsmade ifelge krav 1 eller 2, hvor delbelastningsomradet, inden for
hvilket den variable indsprgjtningstiming anvendes, streekker sig fra ca. 60 % til

95 % af den fulde motorbelastning eller den fulde motorhastighed.

4. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 3, hvor
fremskyndelsesmaengden (Aa) i indsprejtningsstartvinklen, som er forarsaget af
den variable indsprgjtningstiming, ved detektering af en stigning |
motorbelastningen eller motorhastigheden forskydes til nul med en forudbestemt
nedrampningstid, hvis den detekterede stigning overstiger den forudbestemte

veerdi.

5. Fremgangsmade ifslge et hvilket som helst af kravene 2 til 4, hvor veerdien af
indsprejtningsstartvinklen fremskyndes med en forudbestemt oprampningstid til
veerdien givet af den variable indsprgjtningstiming under stabile forhold efter

stabilisering af motorbelastningen eller motorhastigheden.

6. Fremgangsmade ifelge et af de foregéende krav, hvor den forudbestemte
veerdi, hvormed den detekterede stigning sammenlignes, er mindst 1,5 % eller 2
% af den fulde motorbelastning eller motorhastighed og iseer afhaenger af

motorens starrelse.

7. Fremgangsmade ifelge et af de foregaende krav, hvor der er tilvejebragt en
operaterjusterbar braendstofkvalitetsindstilling til at kompensere for darlige

braendstofteendingsegenskaber ved at fremskynde eller forsinke veerdien af
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indsprgjtningsstartvinklen, og hvor fremskyndelsen eller forsinkelsen i
indsprajtningsstartvinklen forarsaget af braendstofkvalitetsindstillingen enten
bibeholdes eller forskydes til nul, hvis den detekterede stigning overstiger den

forudbestemte veerdi.

8. Fremgangsmade ifelge krav 7, hvor fremskyndelsen eller forsinkelsen i
indsprajtningsstartvinklen forarsaget af breendstofkvalitetsindstillingen efter
stabilisering af motorbelastningen eller motorhastigheden, iseer efter en
foruddefineret stabiliseringstid mellem 30 og 60 minutter eller lzengere, forskydes
til den veerdi, som den havde, fer den detekterede stigning oversteg den

forudbestemte veerdi.

9. System (30) konfigureret til at styre driften af en stor forbraendingsmotor (1) med
frem- og tilbagegaende stempel af dieseltypen, hvilket system indbefatter en
indsprejtningsdyse (12, 32.1, 32.2) til indsprajtning af breendstof i et forbreendings-
kammer (2, 23) i forbreendingsmotoren med frem- og tilbagegaende stempel og
en styreenhed (20) til anvendelse af en variabel indsprgjtningstiming under stabile
forhold ved at fremskynde en veerdi af indsprgjtningsstartvinklen ved hjeelp af en
fremskyndelsesveerdi (Aa) af indsprejtningsstartvinklen i et delbelastningsomrade
afhaengigt af motorbelastningen eller motorhastigheden for at kompensere for et
fald i virkningsgraden, der forekommer ved delbelastning, hvor der detekteres en
stigning 1 motorbelastningen eller motorhastigheden, hvor den detekterede
stigning i motorbelastningen eller motorhastigheden sammenlignes med en
forudbestemt veerdi, og hvis den detekterede stigning i motorbelastningen eller
motorhastigheden er lig med eller mindre end den forudbestemte veerdi,
bibeholdes fremskyndelsesveerdien (Aa) af indsprejtningsstartvinklen forarsaget
af den variable indsprgjtningstiming, kendetegnet ved, at hvis den detekterede
stigning | motorbelastningen eller motorhastigheden overstiger den forudbestemte
veerdi, forskydes fremskyndelsesveerdien (Aa) af indsprgjtningsstartvinklen

forarsaget af den variable indsprejtningstiming til nul indtil efter stabilisering af
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motorbelastningen eller motorhastigheden, nar veerdien af indsprejtnings-
startvinklen fremskyndes ved hjeelp af fremskyndelsesveerdien (Aa) i indsprajt-
ningsstartvinklen givet af den variable indsprgjtningstiming under stabile forhold,
afhaengigt af motorbelastningen eller motorhastigheden, hvor stabiliseringen af
motorbelastningen eller motorhastigheden er defineret som etableret iseer efter en

foruddefineret stabiliseringstid mellem 30 og 60 minutter eller leengere.

10. Eftermonteringsseet indeholdende en styreenhed til et system ifelge krav 9 til
styring af driften af en stor forbreendingsmotor med frem- og tilbagegaende

stempel af dieseltypen.

11. Stor forbreendingsmotor (1) med frem- og tilbbagegaende stempel af
dieseltypen indbefattende mindst et forbreendingskammer (3, 23) og et system
(30) ifelge krav 9 eller et eftermonteringssaet ifglge krav 10 til styring af driften af

forbreendingsmotoren med frem- og tilbagegaende stempel.
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