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INTERNAL COMBUSTION ENGINE

The present invention concerns an internal combustion engine with the features of the

preamble of claim 1, and a genset comprising such an internal combustion engine.

Turbochargers have long been used to compress air, a fuel-air mixture or pure fuel to a
higher pressure level before being fed to the combustion chambers of the internal

combustion engine.

The surge line of the compressor of the turbocharger indicates that limit at which, in the
event of exceeding it, an unstable operation, e.g. a flow reversal, occurs through the
compressor. Within this document the expression “surge line” and "medium barrier” are

Synonymous.

The choke line of the compressor of the turbocharger indicates that limit at which there is

no mass flow through the compressor in case of reaching the limit.

External and internal influences can lead to the position of the operating point of the
compressor changing, and even to the surge line being reached or exceeded. Aging of the

turbocharger can also lead to such a behaviour.

If the internal combustion engine is coupled with a generator to a genset, an important
example of an external influence is a net fault in a power supply net connected to the
genset. This can be for example a short circuit in at least one phase of the power supply
net. This leads to an undervoltage and an overcurrent, which causes strong and rapid
load changes with respect to the genset. Various national legal systems stipulate that the
genset must remain connected to the energy supply net at least for a certain time in the
event of a net (,low voltage ride through” - LVRT). Without protective measures, there

may be disadvantageous effects on the genset.

Examples of internal influences are a damage at the turbocharger, misfiring with respect

to at least one combustion chamber of the internal combustion engine, etc.
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Various methods are known by the state of the art to prevent a crossing of the surge limit

(DE 10 2007 051845 A1, DE 100 43 760 A1, DE 100 07 669 A1, WO 2004/038229 A1,
DE 43 16 202 A1).

Also methods for preventing a crossing of the surge line for internal combustion engines
coupled to generators (genset) during grid faults are known (EP 2 860 377 A2, WO
2011/088483 A1).

The object of the invention is to provide an internal combustion engine, which allows, even
in case of influences, which, in the state of the art, cause the surge line of the compressor
to be reached or exceeded, a stable operation of the turbocharger, and a genset with such

an internal combustion engine.

This object is solved by an internal combustion engine with the features of claim 1, and a
genset with such an internal combustion engine. Advantageous embodiments of the

iInvention are defined in the dependent claims.

As the closed loop or open loop control device is designed to regulate or control the at
least one actuator in such a way that reaching the surge line is prevented by the operating
point of the at least one compressor, stable operation of the turbocharger is possible even
in case of negative external or internal influences.

The closed loop or open loop control device may, for example, be a central closed loop or

open loop control device of the internal combustion engine.

Naturally, the possible positions of the operating point in the compressor map are limited
by the maximum mechanical limits of the turbocharger.

It is preferably provided that the at least two operating parameters of the turbocharger,
which are measured by the measuring device, are selected as follows:

- pressure ratio across the compressor

- volume flow or mass flow through the compressor

- rotation speed of the turbocharger

or parameters derived from these parameters.
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It is preferably provided that at least one actuator is designed as a bypass valve,

wastegate, variable valve train, throttle valve, inlet valve for air or a mixture after the
compressor, as a variable turbine geometry, as an actuator for influencing the point of
time of ignition, or for the shutdown of ignition devices for the combustion chambers, or as
an actuator for influencing the quantity or point of time of injecting liquid or gaseous fuel

INnto the combustion chambers.

It is preferably provided that the closed loop or open loop control device is designed In
such a way that, if the operating point moves caused by external influences, reaching the
surge line by the operating point Is prevented.

According to the invention a signalling device is provided, which is connectable to a power
supply net, and is designed to send a signal to the closed loop or open loop control device
when a net fault of the power supply net is detected, whereby the closed loop or open
loop control device is designed in such a way that, when such a signal is received, an
activation of the at least one actuator is to be carried out as to prevent the operating point
from reaching the surge line due to measures taken by the closed loop or open loop
control device which serve to handle the net fault (in general: reduction of the output of the

internal combustion engine, e.g. suspension of ignition or setting the ignition to “late”).

This bears a number of advantages:

- The probability of reaching or exceeding the surge line during the LVRT is reduced.

- The negative effects of a net fault during an LVRT regarding the turbocharger are
reduced.

- Longer durations of the LVRT are possible.

- During the LVRT there is a lower power loss of the internal combustion engine as the
functionality of the turbocharger is less impaired.

- Generators with a lower moment of inertia than previously possible can be used.

It is preferably provided that the closed loop or open loop control device is designed to
prevent the surge line being reached by the operating point if the operating point moves
caused by an internal influence (e.g. damage at the turbocharger, misfire with respect to

at least one combustion chamber of the internal combustion engine).
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It is preferably provided that the closed loop or open loop control device is designed to

prevent the surge line being reached by the operating point if the operating point moves

caused by ageing of the compressor.

It is preferably provided that the closed loop or open loop control device is designed to
cause the operating point to move along a predetermined path in the compressor map via

the at least one actuator.

It may thereby be provided that the closed loop or open loop control device Is designed to
cause the operating point to move along a predetermined path in the compressor map at
least approximately parallel to the surge line via the at least one actuator. The closer the
operating point remains to the surge line, the lower is the drop in output of the
turbocharger, and thus of the internal combustion engine, because the boost pressure of
the air, the fuel-air mixture or the pure fuel (depending on the design of the internal
combustion engine, e.g. gas engine with mixture charging, gas engine with port injection,
internal combustion engine with injection of liquid fuel, dual-fuel internal combustion

engine) drops less strongly.

It may be provided that the closed loop or open loop control device Is designed to cause
the operating point to move along a predetermined path within a corridor arranged in front
of the surge line, preferably over a safety zone, via at least one actuator.

It is preferably provided that the closed loop or open loop control device is designed to

calculate the activation of the at least one actuator in dependence on a compressor

model. The way of calculation is taught, for example, in the following text books:

- Hermann Hiereth, Peter Prenninger, Aufladung der Verbrennungskraftmaschine — Der
Fahrzeugantrieb / chapter 5, 2003, published by Springer / Vienna

- Gunther P. Merker, Rudiger Teichmann, Grundlagen Verbrennungsmotoren
(Funktionsweise — Simulation — Messtechnik) / chapter 5 (Aufladesysteme), /th,
completely revised edition, 2014, published by Springer / Vienna

- QGunther P. Merker, Christian Schwarz, Grundlagen Verbrennungsmotoren (Simulation
der Gemischbildung, Verbrennung, Schadstoftbildung und Aufladung) / chapter 8
(Aufladung von Verbrennungsmotoren) 4th, revised and updated edition Vieweg +
Teubner, GWV Fachverlage GmbH, Wiesbaden 2009
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It is preferably provided that the closed loop or open loop control device is designed to

activate the at least one actuator depending on a pre-defined table. The table can be
based on empirical values or created on a test stand.

The invention can preferably be used with a stationary internal combustion engine, for
marine applications or mobile applications, such as so-called "non-road mobile
machinery” (NRMM), preferably in each case designed as a reciprocating piston engine.
The internal combustion engine — not according to the invention — can serve as a
mechanical drive, e.g. for operating compressor systems, or can be coupled with a
generator to form a genset for generating electrical power. The internal combustion
engine preferably has a large number of combustion chambers.

Embodiments of the invention are discussed using the figures. They show:

Fig. 1 a schematic illustration of an internal combustion engine according to the invention
Fig. 2 a compressor map of a turbocharger of an internal combustion engine according to

the invention.

Fig. 1 shows an internal combustion engine 10 with a plurality 15 of combustion chambers
(if necessary connected with pre-chambers) shown only schematically, with not shown
fuel supply facilities to the individual combustion chambers (e.g. inlet valves or active gas
valves, port injection valves, injectors for liquid fuel, etc.), a turbocharger, which has a
compressor 1 and an exhaust turbine 2, etc. An inlet tract 16 and an outlet tract 17 for air

or a fuel-air mixture are shown.

Actuators for setting an operating point 4 of the turbochargers in the compressor map are
shown examplatory, namely a throttle valve 12, a bypass valve 13, an inlet valve 14, and
a wastegate 3. Further actuators can be provided with respect to the plurality 15 of
combustion chambers (e.g. actuators for influencing the point of time of ignition or for
shutdown of ignition devices for the combustion chambers, actuators for influencing the
quantity or point of time of injecting liquid or gaseous fuel into the combustion chambers).

A measuring device 5 is provided for measuring at least two operating parameters of the

turbocharger (here: pressure ratio across compressor 1, volume flow or mass flow through
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compressor 1 or rotational speed of the turbocharger) by means of which a position of an

operating point 4 of the turbocharger in the compressor map is determinable.

A closed loop or open loop control device 6 Is connected to the measuring device 5 (the
connections are not shown), and designed to activate the actuators 3. The closed loop or
open loop control device 6 Is designed here as the central closed loop or open loop
control unit for the entire internal combustion engine 10, and can also receive measured
data from the plurality 15 of combustion chambers (including the assigned components
such as active gas valves, pressure in supply lines, etc.), as well as issue commands to

the plurality 15 of combustion chambers or the assigned components, respectively.

For generating power, the internal combustion engine 10 iIs mechanically connected (via a
shaft) to a generator 9 to form a genset, and is electrically connected to a three-phase
power supply net 8. A signalling device 7 is provided, which Is connected or connectable
to the power supply net 8, and Is designed to transmit a signal to the closed loop or open
loop control device 6 upon detection of a net fault of the power supply net 8, whereby the
closed loop or open loop control device 6 Is designed to activate the at least one actuator
upon receiving such a signal in such a way that reaching the surge limit by the operating
point is prevented which could be caused by means of measures (see the explanations to
Fig. 2), which serve the handling of the net fault, in particular with respect to the LVRT (in
general: reduction of the output of the internal combustion engine, e.g. suspension of
ignition or setting of ignition to "late").

Fig. 2 shows a compressor map of compressor 1 of the turbocharger (ordinate: pressure
ratio T over compressor 1, abscissa: temperature- and pressure-compensated mass flow
mMred, Whereby it can be seen that compressor 1 can be operated stably in a stable
operating range, which stable operating range is limited by a surge line P on the one
hand, and by a choke line S on the other hand. The dotted lines show isoreduced
rotational speed lines (i.e. rotational speeds of the turbocharger compensated by the input
temperature). Other than shown, the ordinate can also be plotted with the temperature-

and pressure-compensated volume flow.

The operating point 4 is plotted in a position which is given in stable operation before a net
fault occurs. Not shown are minor movements of the operating point 4 around the stable
position, which can also occur during stable operation of the turbocharger.
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If the signalling device 7 detects a net fault of the power supply net 8, it reports this to the
closed loop or open loop control device 6. The closed loop or open loop control device 6 Is
designed to regulate or control the actuators in such a way as to prevent the surge line P
being reached by the operating point 4 of compressor 1 of the at least one turbocharger
despite the measures taken by the closed loop or open loop control device 6 for handling

the net fault), and in particular with respect to the LVRT.

If the operating point 4 reaches corridor B, the closed loop or open loop control device 6,
via the actuators, causes the operating point 4 to move along a specified path within
corridor B, which over a safety area A is located in front of the surge line P. Corridor B,
and thus the path, run at least approximately parallel to the surge line P. When the net

fault has ceased, operating point 4 returns to its original position in the compressor map.

Safety zone A is selected in such a way that, on the one hand, a safe distance from the
surge line P Is maintained, and at the same time, on the other hand, not more boost
pressure than necessary is reduced, so that sufficient boost pressure is available again
after the net fault.

If the net fault lasts too long (e.g. if the so-called "clearing time" is exceeded), the
connection between the genset and the power supply net 8 can be disconnected by a net
switch 11.
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list of reference signs:

compressor of the turbocharger

exhaust turbine of the turbocharger

wastegate

operating point of the turbocharger in the compressor
measuring device for measuring at least two operating parameters of the
turbocharger

closed loop or open loop control device

signalling device connected to the power supply net
power supply net

generator

Internal combustion engine

power switch

throttle valve

bypass valve

Inlet valve

plurality of combustion chambers

Inlet tract

exhaust tract
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Patentkrav

1. Forbraendingskraftmaskine (10) med:

- mindst en turbolader, som har en kompressor (1) og en rgggasturbine

(2), og som kan drives stabilt i et stabilt driftsomrade af en

kompressorkurve af den mindst ene kompressor (1), hvilket stabile

driftsomrade er begraenset af en pumpegraense (P) pa den ene side og af

en stopgraense (S) pa den anden side,

- mindst en aktuator til indstilling af et driftspunkt (4) af den mindst ene

kompressor (1) i kompressorkurven,

- en maleindretning (5) til maling af mindst to driftsparametre af

turboladeren, ved hjaelp af hvilken en position af et driftspunkt (4) af den

mindst ene kompressor (1) kan bestemmes i kompressorkurven

Samt

- en regulerings- og styreindretning (6) som er forbundet med

maleindretningen (5) og er udformet til styring af den mindst ene aktuator,
hvor regulerings- og styreindretningen (6) er udformet til mindst at regulere eller
styre den mindst ene aktuator, saledes at det forhindres, at pumpegraensen (P)
via driftspunktet (4) af den mindst ene kompressor (1) nas, og hvor en
signalindretning (7) er tilvejebragt, som er forbundet med eller kan forbindes med
et energiforsyningsnet (8) og er udformet til at sende et signal til regulerings- og
styreindretningen (6) ved detektering af en netvaerksfejl i energiforsyningsnettet
(8), kendetegnet ved, at regulerings- og styreindretningen (6) er udformet til
ved modtagelse af et sadant signal at foretage en styring af den mindst ene
aktuator, saledes at det forhindres, at pumpegraensen (P) via driftspunktet (4),
betinget af foranstaltninger af regulerings- og styreindretningen (6), som tjener til

at handtere netvaerksfejl, nas.

2. Forbraendingskraftmaskine ifglge krav 1, hvor de mindst to driftsparametre af
turboladeren er valgt fra:

- trykforhold over kompressoren (1)

- volumen- eller massestrgm gennem kompressoren (1)

- turboladerens omdrejningshastighed

eller parametre afledt af disse parametre.
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3. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor den
mindst ene aktuator er udformet som en omlgbsventil (13), wastegate (3),
variabelt ventiltog, drosselspjeeld (12), indblaesningsventil (14) for luft eller
blanding nedstrgms for kompressoren (1), som variabel turbinegeometri, aktuator
til pavirkning af tidspunktet for taendingen eller for afbrydelsen af
taendingsanordninger for forbraendingskamrene, eller som en aktuator til
pavirkning af maangden eller tidspunktet for tilfgrsel af flydende eller gasformig

braendstof i forbraendingskamrene.

4. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- eller styreindretningen (6) er udformet til at forhindre, at
pumpegransen (P) via driftspunktet (4) nas, nar driftspunktet (4) bevaeger sig

forarsaget af eksterne pavirkninger.

5. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- eller styreindretningen (6) er udformet til at forhindre, at
pumpegransen (P) via driftspunktet (4) nas, nar driftspunktet (4) bevaeger sig

forarsaget af en intern pavirkning.

6. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- eller styreindretningen (6) er udformet til at forhindre, at
pumpegransen (P) via driftspunktet (4) nas, nar driftspunktet (4) bevaeger sig

forarsaget af sldning af kompressoren (1).

7. Forbreendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- eller styreindretningen (6) er udformet til at forarsage, at
driftspunktet (4) bevaeger sig langs en forudbestemt sti i kompressorkurven via

den mindst ene aktuator.

8. Forbraendingskraftmaskine ifglge det foregaende krav, hvor regulerings- eller
styreindretningen (6) er udformet til at forarsage at driftspunktet (4) bevaeger sig
langs en forudbestemt sti i kompressorkurven mindst omtrent parallelt med

pumpegraensen (P) via den mindst ene aktuator.
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9. Forbraendingskraftmaskine ifglge mindst et af de to foregaende krav, hvor
regulerings- og styreindretningen (6) er udformet til at forarsage, at driftspunktet
(4) bevaeger sig langs en forudbestemt sti inde i en korridor (B), som - fortrinsvis
over et sikkerhedsomrade (A) - er placeret foran pumpegraensen (P) via den
mindst ene aktuator.

10. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- og styreindretningen (6) er udformet til at beregne styringen af den

mindst ene aktuator som en funktion af en kompressormodel.

11. Forbraendingskraftmaskine ifglge mindst et af de foregaende krav, hvor
regulerings- eller styreindretningen (6) er udformet til at foretage en styring af

den mindst ene aktuator som en funktion af en foruddefineret tabel.

12. Genset med en generator (9) og en forbraendingskraftmaskine (1) ifglge

mindst et af de foregaende krav og mekanisk forbundet med generatoren (9).
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