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(67)  The invention relates to a fuel injection system
(1) for injecting a fuel (2) into a cylinder (3) of a recipro-
cating internal combustion engine, in particular two-
stroke large diesel engine. Said fuel injection system (1)
includes a fuel injector (4) comprising an injector control
means (41) for controlling the injection of the fuel (2) into
the cylinder (3). The fuel injector (4) is fluidly connected
by means of a high pressure pipe (5) to an outlet (62) of
a pressure amplifier (6), and the pressure amplifier (6)
has an inlet (61) for receiving the fuel (2) being provided
under a low inlet pressure (PL) and transforming the low

inlet pressure (PL) of the fuel (2) to a high outlet pressure
(PH) being provided at the outlet (62) of the pressure
amplifier (6). According to the invention, the pressure am-
plifier (6) is connected to and driven by a hydraulic servo
oil (7) being provided under an intermediate pressure
(PI) being higher than the low inlet pressure (PL) and
lower than the high outlet pressure (PH). Furthermore,
the invention relates to a method for injecting a fuel (2)
into a cylinder (3) of a reciprocating internal combustion
engine as well as a reciprocating internal combustion en-
gine, in particular two-stroke large diesel engine.

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 568 156 A1 2

Description

[0001] The invention relates to a fuel injection system
for injecting a fuel into a cylinder of a reciprocating com-
bustion engine, a method for injecting a fuel, as well as
an internal combustion engine, in particular two-stroke
large diesel engine in accordance with the pre-charac-
terising part of the respective independent claims.
[0002] Large diesel engines are often used as power
units for ships or also in stationary operation, for example
for driving large generators for the production of electrical
power. Here as a rule the engines are in constant oper-
ation over a considerable period of time which makes
high demands on the operating reliability and availability.
For this reason, for the operators, long intervals between
services, low degrees of wear and, in particular, an eco-
nomical use of fuel and operating materials are central
criteria for the operation of the machines. Among other
things, improving the running properties of the engine as
such, the reduction of emissions as well as the reduction
of the fuel consumption is always a challenging topic.
[0003] Regarding the operating state of an internal
combustion engine, for example a two-stroke large diesel
engine, the fuel is injected only in a narrow range of crank
angle degrees of the whole working cycle. Of course, the
same is true for other types of internal combustion en-
gines, for examples for four-stroke combustion engines.
The fuel injection has to be accurately controlled to have
the correct start of injection and the correct duration in
order to properly control for example the power, the max-
imum cylinder pressure, and in particular the emission
of noxious substances. More strict emission require-
ments are increasing the need to have more flexible fuel
injection systems with more accurate control.

[0004] Common rail fuel injection systems are typically
used on diesel engines today. Regarding such a well
known fuel injection system 1’ as exemplarily shown by
Fig. 1a and Fig. 1b, there is a directly engine driven high
pressure fuel oil pump 6’ delivering fuel 2’ to a fuel com-
mon rail volume 10’, the so called common rail 10’. The
fuel delivery to the rail 10’ is typically controlled by throt-
tling the fuel inlet to the pump 6’ based on the feedback
from a pressure sensor in the common rail 10’.

[0005] Please note that in the present description ref-
erence numbers carrying an inverted comma are always
related to examples known from the prior art, as shown
in Fig. 1a, Fig. 1b, and Fig. 1c. Wherein reference num-
bers referencing features of embodiments according to
the invention, as exemplarily shown by Fig. 2a and Fig.
2b, respectively, do not carry an inverted comma.
[0006] The fuel oil pump 6’ typically works with several
oscillating plungers pumping fuel 2’ to the fuel oil rail 10’.
The pump 6’ has aroller 600’ following a cam 601, giving
the plunger an oscillating movement. The pump 6’ has a
filling stroke, the downwards stroke when new fuel 2’ from
the low pressure fuel system is filled into the fuel pump
chamber and it has a delivery stroke, the upwards stroke,
when the fuel 2’ is pressed out into the high pressure
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common rail 10’. A non return valve 602’ prevents fuel 2’
to flow back from the high pressure system to the low
pressure system during the return stroke, that is during
the filling stroke of the plunger.

[0007] Thedeliveryforthe differentplungersis typically
not phased with the injection events but the high pressure
common rail volume 10’ is sized large enough to prevent
high pressure fluctuations to a certain, but not to a suffi-
cient extent. The pump 6’ is thus controlled purely based
on rail pressure feedback and not based on feedback
when the injection events into the different cylinders 3’
of the combustion engine are happening. The injection
into the cylinders itself is controlled by an electronic con-
trol unit CU’ either with an injection control unit CU’ at
directly the fuel oil rail 10’ or in the injector 4’ itself.
[0008] As can be seen from Fig. 1a or Fig. 1b, respec-
tively, the fuel injectors 4’ are typically connected to the
common rail 10’ by means of a high pressure pipe 5'.
The start and the end of the fuel injection are typically
controlled by a solenoid included with the injector 4’. The
fuel 2’ is stored in the rail volume 10’ under a given high
pressure PH’, wherein the fuel rail volume 10’ is designed
to have a relatively large volume of fuel in order to not to
have too high pressure drops during the injection events.
The control of the fuel pumps 6’ raising the pressure of
the fuel 2’ from a low pressure PL’ to the high pressure
PH’ and delivering the fuel 2’ to the common rail 10’ under
the high pressure PH’, is typically based on the feedback
from the rail pressure signal in order to keep the average
high pressure PH’ within a correct pressure range.
[0009] The injection of the fuel 2’ into the cylinders 3’
is thereby controlled by an injector control unit CU’,
wherein the known injection system 1’ according to Fig.
1b includes in addition to that presented by Fig. 1 a a
volumetric injection control VIC’ allowing a more accurate
timing and dosage of the fuel injection compared to the
more simple injection system 1’ according to Fig. 1a.
[0010] However, as can be seen by Fig. 1¢ showing
the common rail pressure variations PH’ given in bar in
dependence from the crank angle o’ given in degrees as
measured in a known fuel injection system 1’ according
to Fig. 1a or Fig. 1b, respectively, there are significant
pressure drops in the common rail storage 10’ during the
injection of fuel 2’ into the cylinders 3’ since the control
of the pump 6’ cannot cope with the very high frequency
pressure variations due to the injection events.

[0011] The object of the invention is thus to suggest
an improved fuel injection system in which the variations
of the high pressure are significantly reduced compared
with the known prior art systems, and wherein atthe same
time, the fuel injection can be controlled more accurate
resulting in a reduced fuel consumption and in signifi-
cantly reduced emissions of noxious substances.
[0012] The subject-matter of the invention which sat-
isfies these objects are characterised by the features of
the respective independent claims.

[0013] The respective dependent claims relate to par-
ticularly advantageous embodiments of the invention.
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[0014] Theinvention thus relates to afuelinjection sys-
tem for injecting a fuel into a cylinder of a reciprocating
internal combustion engine, in particular two-stroke large
diesel engine. Said fuel injection system includes a fuel
injector comprising an injector control means for control-
ling the injection of the fuel into the cylinder. The fuel
injector is fluidly connected by means of a high pressure
pipe to an outlet of a pressure amplifier, and the pressure
amplifier has an inlet for receiving the fuel being provided
under a low inlet pressure and transforming the low inlet
pressure of the fuel to a high outlet pressure being pro-
vided at the outlet of the pressure amplifier. According
to the invention, the pressure amplifier is connected to
and driven by a hydraulic servo oil being provided under
an intermediate pressure which intermediate pressure is
higher than the low inlet pressure and lower than the high
outlet pressure.

[0015] That means, the common rail system according
to the present invention has a smart control pressure
amplifier driven by an hydraulic servo oil. The pressure
amplifier is preferably electronically controlled in such a
way that it is only pumping fuel to the injectors during the
injection events. The pressure amplifier and the respec-
tive injector can be activated for example at the same
time, leading to a small pressure drop at the beginning
of the injection. Regarding another embodiment, the
pressure amplifier can be activated just before the start
of the injection in order to avoid pressure drops a the
beginning of the injection. The advantage with this design
and the intelligent control of the pressure amplifier is that
it is possible to reduce the fuel oil rail after the pressure
amplifier to a minimum. It gives as well possibility to con-
trol the injection pressure during the injection event de-
pending on when the pressure amplifier is activated in
relation to the start of the injection event.

[0016] Whatis more, the fuel injection system accord-
ing to the present invention does not compulsory require
alarge high pressure common rail storage as known from
the prior art and as exemplarily displayed by Fig. 1a or
Fig. 1b, respectively. This is because of the fact that ac-
cording to the invention the high pressure fuel is provided
just and only during a relatively small time range in which
the injection occurs. In principle, no storage of a relatively
large reservoir of high pressure fuel is required, resulting
in an injection system which is of very simple construc-
tion, which is less expensive, and which needs less main-
tenance and being more reliable in operation.

[0017] But of course, it is understood that in a special
embodimenta common rail storage for high pressure fuel
may be present in an injection system according to the
invention in order to further reduce the pressure drops in
the high pressure fuel line to an absolute minimum.
[0018] As will be below explained in greater detail,
there can also be more than one pressure amplifier feed-
ing the system as for example shown in Fig. 2b. In this
case, the pressure amplifiers can made smaller and,
thus, less expensive. At low engine loads, for example,
when less fuel is needed it is possible to operate only

10

15

20

25

30

35

40

45

50

55

with one pressure amplifier, and at increased engine load
more pressure amplifiers can additionally be switched on
to deliver more fuel. The overall efficiency of the system
will be increased by this since only the amount of fuel
needed to deliver to the system is compressed. The ac-
tivation of the different pressure amplifiers can be done
either at the same time for all amplifiers or at different
time for different amplifiers to get a different pressure
increase rate during the injection. The different pressure
amplifiers can either be identical or they may have a dif-
ferent design either different size or slightly different pres-
sure amplifying ratio. This gives more freedom for differ-
ent injection rate shapes.

[0019] Summarizing the advantages of the fuel injec-
tion system according to the invention, the correct start
and end of the fuel injection into the cylinder of the com-
bustion engine and also the correct duration can be most
accurately controlled so that a proper control for example
of the power, the control of a maximum cylinder pressure,
and in particular the control and reduction of the emission
of noxious substances is firstly properly ensured by the
present invention.

[0020] Regarding a special embodiment of a fuel in-
jection system in accordance with the present invention,
the hydraulic servo oil is provided under the intermediate
pressure in a hydraulic supply volume being fluidly con-
nected to the pressure amplifier by a hydraulic driving
pipe.

[0021] Preferably, the pressure amplifier includes a
pressure amplifier piston for transforming the low inlet
pressure to the high outlet pressure, wherein the pres-
sure amplifier in practice may include a hydraulic control
means for actuating and controlling the pressure ampli-
fier piston.

[0022] In order to achieve a maximum of flexibility, a
plurality of pressure amplifiers may be provided, wherein
the hydraulic supply volume is preferably a hydraulic
common rail volume, most preferably being connected
to all pressure amplifiers being present in the fuel injec-
tion system and providing the hydraulic servo oil to all
pressure amplifiers being presentin the fuel injection sys-
tem.

[0023] Regarding a very special embodiment of the
present invention, a fuel common rail volume may be
provided between the fuel injector and the outlet of the
pressure amplifier in order to reduce pressure drops in
the high pressure pipe to an absolute minimum.

[0024] Itisunderstood, thatmost preferably the injector
control means and / or the pressure amplifier is electron-
ically controllable, in particular independently electroni-
cally controllable in order to ensure a maximum of flexi-
bility regarding the injection of the fuel into the cylinder
of the combustion engine.

[0025] The present invention relates furthermore to a
method for injecting a fuel into a cylinder of a reciprocat-
ing internal combustion engine, in particular two-stroke
large diesel engine. The fuel is injected into the cylinder
by means of a fuel injection system including a fuel in-
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jector comprising an injector control means for controlling
the injection of the fuel into the cylinder. Thereby, the fuel
injector is fluidly connected by means of a high pressure
pipe to an outlet of a pressure amplifier, the pressure
amplifier having an inlet for receiving the fuel being pro-
vided under a low inlet pressure and transforming the
low inlet pressure of the fuel to a high outlet pressure and
providing the high outlet pressure at the outlet of the pres-
sure amplifier. According to the invention, the pressure
amplifier is connected to and driven by a hydraulic servo
oil being provided under anintermediate pressure where-
in the intermediate pressure is chosen higher than the
low inlet pressure and lower than the high outlet pressure.
[0026] Regarding a special embodiment of a method
according to the invention, the low inlet pressure is trans-
formedtothe high outlet pressure by means of a pressure
amplifier piston, wherein the pressure amplifier piston is
preferably actuated and controlled by a hydraulic control
means.

[0027] Preferably, a plurality of pressure amplifiers is
provided, wherein in particular a hydraulic supply volume
is provided and designed as a hydraulic common rail vol-
ume, being connected to and providing the hydraulic ser-
vo oil to all pressure amplifiers being present in the fuel
injection system used for working the method of the in-
vention.

[0028] Regarding another special embodiment of a
method in accordance with the invention which is very
important in practise, the injector control means and / or
the pressure amplifier is electronically controlled, prefer-
ably independently electronically controlled, wherein the
pressure amplifier and the fuel injector are activated at
the same time and / or wherein the pressure amplifier is
activated before the fuel injector is started.

[0029] In case that a plurality of pressure amplifiers is
present in the fuel injection system, in a low load opera-
tion state of the combustion engine at least one pressure
amplifier of the fuel injection system may be deactivated
in order to reduce the fuel consumption. By increasing
the load and / or the engine speed, the number of pres-
sure amplifiers being in operation may be increased suc-
cessively, respectively.

[0030] Inaddition, the inventionis related to an internal
combustion engine, in particular to a two-stroke large die-
sel engine comprising a fuel injection system as de-
scribed and / or being operated using a method in ac-
cordance with the present invention.

[0031] The invention will be described more closely
with the help of the schematic drawings which show:

Fig. 1a a first example of a known fuel injection sys-
tem from the prior art;

Fig. 1b  asecond example according to Fig. 1 a hav-
ing a volumetric injection control;

Fig. 1c  common rail pressure variations measured in

a known fuel injection system according to
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Fig. 1 aor Fig. 1 b;

Fig. 2a a first embodiment of a fuel injection system
according to the invention;

Fig. 2b A second embodiment according to Fig. 2a
having a plurality of pressure amplifiers.

[0032] Fig. 1a, Fig1b, and Fig. 1c, respectively, show

examples known from the prior art which have been dis-
cussed above in great detail, already, and thus, do not
need any further consideration.

[0033] Regarding Fig. 2a and Fig. 2b, two special em-
bodiments of fuel injection systems 1 for an internal com-
bustion engine are displayed, wherein the fuel injection
system 1 according to Fig. 2 has a plurality of pressure
amplifiers 6 of which, for reasons of clarity, two pressure
amplifiers 6 are shown, only.

[0034] The fuel injection system 1 for injecting a fuel 2
into a cylinder 3 of a reciprocating internal combustion
engine, which is in the present examples of Fig. 2a and
Fig. 2b a two-stroke large diesel engine for a vessel, in-
cludes a fuel injector 4 comprising an injector control
means 41 for controlling the injection of the fuel 2 into
the cylinder 3. The fuel injector 4 is fluidly connected by
means of a high pressure pipe 5 to an outlet 62 of a
pressure amplifier 6. The pressure amplifier 6 has an
inlet 61 for receiving the fuel 2 being provided under a
low inlet pressure PL and increases the low inlet pressure
PL of the fuel 2 to a high outlet pressure PH being pro-
vided at the outlet 62 of the pressure amplifier 6. Thereby,
the pressure amplifier 6 is connected to and driven by a
hydraulic servo oil 7 being provided under an intermedi-
ate pressure Pl being higher than the low inlet pressure
PL and lower than the high outlet pressure PH.

[0035] The hydraulic servo oil 7 is provided under the
intermediate pressure Pl in a hydraulic supply volume 8,
81 which is fluidly connected to the pressure amplifier 6
by a hydraulic driving pipe 9.

[0036] The pressure amplifier 6 as such includes a
pressure amplifier piston 63 for transforming the low inlet
pressure PL to the high outlet pressure PH in a per se
known manner. In addition, the pressure amplifier 6 in-
cludes a hydraulic control means 64 for actuating and
controlling the pressure amplifier piston 63, wherein the
control means 64 is connected to and supplied from the
hydraulic supply volume 8, 81 with the hydraulic servo
oil 7.

[0037] Regarding the special embodiment of Fig. 2b,
a plurality of pressure amplifiers 6 is provided of which
for reasons of clarity of the drawing two pressure ampli-
fiers 6 are shown, only. The hydraulic supply volume 8,
81 according to Fig. 2a and Fig. 2b, respectively, is a
hydraulic common rail volume 81, which is in the embod-
iment according to Fig. 2b connected to all pressure am-
plifiers 6 being present in the fuel injection system 1 and,
thus, providing the hydraulic servo oil 7 to all pressure
amplifiers 6 being present in the fuel injection system 1
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at the same time.

[0038] In the special embodiments according to Fig.
2a and Fig. 2b, a fuel common rail volume 10 is provided
between the fuel injector 4 and the outlet 62 of the pres-
sure amplifier 6, which is not necessarily compulsory.
[0039] Itis understood, that the injector control means
41 as well as the pressure amplifier 4 is electronically
controllable, preferably independently electronically con-
trollable by an electronic control means not explicitly
shown in Fig. 2a or Fig. 2b.

Claims

1. Fuel injection system for injecting a fuel (2) into a
cylinder (3) of a reciprocating internal combustion
engine, in particular two-stroke large diesel engine,
said fuel injection system including a fuel injector (4)
comprising an injector control means (41) for con-
trolling the injection of the fuel (2) into the cylinder
(3), wherein the fuel injector (4) is fluidly connected
by means of a high pressure pipe (5) to an outlet (62)
of a pressure amplifier (6), the pressure amplifier (6)
having an inlet (61) for receiving the fuel (2) being
provided under a low inlet pressure (PL) and trans-
forming the low inlet pressure (PL) of the fuel (2) to
a high outlet pressure (PH) being provided at the
outlet (62) of the pressure amplifier (6), character-
ized in that the pressure amplifier (6) is connected
to and driven by a hydraulic servo oil (7) being pro-
vided under an intermediate pressure (Pl) being
higher than the low inlet pressure (PL) and lower
than the high outlet pressure (PH).

2. Fuel injection system in accordance with claim 1,
wherein the hydraulic servo oil (7) is provided under
the intermediate pressure (Pl) in a hydraulic supply
volume (8, 81) being fluidly connected to the pres-
sure amplifier (6) by a hydraulic driving pipe (9).

3. Fuel injection system in accordance with anyone of
claims 1 or 2, wherein the pressure amplifier (6) in-
cludes a pressure amplifier piston (63) for transform-
ing the low inlet pressure (PL) to the high outlet pres-
sure (PH).

4. Fuel injection system in accordance with claim 3,
wherein the pressure amplifier (6) includes a hydrau-
lic control means (64) for actuating and controlling
the pressure amplifier piston (63).

5. Fuel injection system in accordance with anyone of
the preceding claims, wherein a plurality of pressure
amplifiers (6) is provided.

6. Fuel injection system in accordance with claim 5,
wherein the hydraulic supply volume (8, 81) is a hy-
draulic common rail volume (81), preferably being
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10.

1.

12.

13.

connected to all pressure amplifiers (6) being
presentin the fuel injection system and providing the
hydraulic servo oil (7) to all pressure amplifiers (6)
being present in the fuel injection system.

Fuel injection system in accordance with anyone of
the preceding claims, wherein a fuel common rail
volume (10) is provided between the fuel injector (4)
and the outlet (62) of the pressure amplifier (6).

Fuel injection system in accordance with anyone of
the preceding claims, wherein the injector control
means (41) and / or the pressure amplifier (4) is elec-
tronically controllable, preferably independently
electronically controllable.

Method for injecting a fuel (2) into a cylinder (3) of a
reciprocating internal combustion engine, in partic-
ular two-stroke large diesel engine, wherein the fuel
(2) is injected into the cylinder (3) by means of a fuel
injection system (1) including a fuel injector (4) com-
prising an injector control means (41) for controlling
the injection of the fuel (2) into the cylinder (3), and
wherein the fuel injector (4) is fluidly connected by
means of a high pressure pipe (5) to an outlet (62)
of a pressure amplifier (6), the pressure amplifier (6)
having an inlet (61) for receiving the fuel (2) being
provided under a low inlet pressure (PL) and trans-
forming the low inlet pressure (PL) of the fuel (2) to
a high outlet pressure (PH) and providing the high
outlet pressure (PH) at the outlet (62) of the pressure
amplifier (6), characterized in that the pressure am-
plifier (6) is connected to and driven by a hydraulic
servo oil (7) being provided under an intermediate
pressure (Pl) wherein the intermediate pressure (PI)
is chosen higher than the low inlet pressure (PL) and
lower than the high outlet pressure (PH).

Method in accordance with claim 9, wherein the low
inlet pressure (PL) is transformed to the high outlet
pressure (PH) by means of a pressure amplifier pis-
ton (63), wherein the pressure amplifier piston (63)
is preferably actuated and controlled by a hydraulic
control means (64).

Method in accordance with anyone of claims 9 or 10,
wherein a plurality of pressure amplifiers (6) is pro-
vided.

Method in accordance with claim 11, wherein a hy-
draulic supply volume (8, 81) is provided and de-
signed as a hydraulic common rail volume (81), be-
ing connected to and providing the hydraulic servo
oil (7) to all pressure amplifiers (6) being present in
the fuel injection system (1).

Method in accordance with anyone of claims 9to 12,
wherein the injector control means (41) and / or the
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pressure amplifier (6) is electronically controlled,
preferably independently electronically controlled,
wherein the pressure amplifier (6) and the fuel injec-
tor (4) are activated at the same time and / or wherein
the pressure amplifier (6) is activated before the fuel
injector (4) is started.

Method in accordance with anyone of claims 9to 13,
wherein in a low load operation state at least one
pressure amplifier (6) of the fuel injection system (1)
is deactivated.

Internal combustion engine, in particular two-stroke
large diesel engine comprising a fuel injection sys-
tem (1) in accordance with anyone of claims 1 to 8
and / or being operated using a method in accord-
ance with anyone of claims 9 to 14.
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