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Description
Technical field

[0001] The presentinvention relates to a common rail
fuel injection system for a multicylinder internal combus-
tion piston engine according to the preamble of claim 1.
[0002] The present invention relates to a method of
upgrading a fuel injection system in a multicylinder inter-
nal combustion piston engine comprising fuel delivering
high-pressure parts including fuel injector in each one of
the cylinders of the engine, fuel pressure accumulators
and fuel supply line connecting the pressure accumula-
tors to the injectors, high-pressure fuel pumps connected
to the fuel supply line.

[0003] The present invention relates to an internal
combustion piston engine comprising a common rail fuel
injection system.

Background art

[0004] A so called common rail fuel injection system is
commonly used in internal combustion piston engines
for use with various types of fuels. The common rail fuel
injection systems have been used particularly in connec-
tion with diesel engines, but are applicable to piston en-
gines configured to operation using also other types of
cycles. The common rail fuel injection system has inde-
pendently operable fuel pressure generation and injec-
tion timing control for each cylinder of the engine, and
therefore it provides very versatile and precise control of
the fuel injection and combustion of the fuel.

[0005] Some arrangements of such a common rail fuel
injection system are described in the following prior art
documents.

[0006] GB2341637 A discloses a common rail fuel in-
jection system in which the injectors are provided with a
dedicated pressure accumulator which is arranged im-
mediately upstream to the injector. The accumulators are
connected with each other and to a high-pressure injec-
tion pump.

[0007] WO9842978A1 discloses acommon rail fuelin-
jection system where each injector is provided with aded-
icated accumulator in the fuel feed pipe and the accumu-
lators are arranged parallel to each other having a volume
of 80 - 300 times the maximal fuel injection amount.
[0008] EP1612405A1disclosesafuelinjection system
which comprises a tank for the fuel; a compressor as-
sembly for making available the fuel at a high-pressure
to a storage volume; a plurality of electro-injectors fluid-
ically connected to the storage volume for taking in the
fuel at a high-pressure from the storage volume itself and
injecting it into respective combustion chambers of the
engine. There is also a pressure regulator for correcting
the value of the injection pressure with respect to the
operating conditions of the engine i.e., for adjusting the
pressure of the fuel inside the storage volume given the
same pressure of the fuel delivered by the compressor
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assembly to the storage volume itself. The storage vol-
ume is splitinto a plurality of distinct elementary storage
volumes, which are fluidically connected to one another
and which supplies fuel to a respective electro-injector.
The storage volumes may also be arranged in the re-
spective electro-injector.

[0009] EP0959245 A2 discloses a fuel feeding system
for an engine with several cylinders in which the fuel is
fed from a fuel tank by means of high-pressure pumps
into two separate accumulators, from which it is fed fur-
ther by means of injectors into the cylinders of the engine.
Each one of the accumulators is connected to at least
two injectors and the accumulators are provided with a
high-pressure pump of their own. The pressure spaces
of the pressure accumulator units also are continuously
in connectionwith each other. In addition, one of the pres-
sure accumulator units of the system is provided with a
valve, by means of which a pressure space of the accu-
mulator and at the same time the pressure spaces con-
nected thereto can be connected to the fuel tank.
[0010] WO2012107633 A2 discloses a fuel injection
system for a reciprocating engine. The fuel injection sys-
tem comprises injectors for injecting pressurized fuel into
the cylinders of the engine, a high-pressure pump for
pressurizing fuel to be injected, a supply pipe for feeding
fuel from the high-pressure pump towards the injectors
and feed pipes for feeding fuel from the supply pipe to
the injectors, wherein the first ends of the feed pipes are
connected to the injectors, the second ends of the feed
pipes are connected to the supply pipe, and each fuel
injector is provided with a pressure accumulator, which
is an integral part of the injector. This kind of an arrange-
ment may lead to increase size of the injector because
the accumulation volume is mainly, if not solely, in the
injectors.

[0011] An object of the invention is to provide a com-
mon rail fuel injection system in which the performance,
particularly with regard to stable pressure conditions, is
considerably improved compared to the prior art solu-
tions.

Disclosure of the Invention

[0012] Objects of the invention can be met substantial-
ly as is disclosed in the independent claims and in the
other claims describing more details of different embod-
iments of the invention.

[0013] According to an embodiment of the invention a
common rail fuel injection system for a multicylinder in-
ternal combustion piston engine, comprising

at least two fuel injectors, wherein each one of the injec-
tors is provided with a first accumulator space,

a fuel supply line arranged in flow communication with
each one of the first accumulator spaces,

at least two high-pressure pump units, wherein

each one of the high-pressure pump units comprises a
high-pressure pump and a second accumulator space,
the high-pressure fuel pump having its high-pressure out-
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let connected to the second accumulator space,

the second accumulator spaces being in flow connection
with each other, forming an array of second accumulator
spaces such that the first one of the second accumulator
spaces is at a first end of the array and a last one of the
second accumulator spaces is at a second end of the
array, and

wherein the array of second accumulator spaces is in
flow communication with the fuel supply line.

[0014] By means of the common rail fuel injection sys-
tem for a multicylinder internal combustion piston engine,
a compact and effective design is obtained which damp-
ens and stabilizes the pressure waves in the common
rail fuel injection system. Furthermore, the presented
common rail fuel injection system for multicylinder inter-
nal combustion piston engine stabilizes the fuel injection
quantities between injectors, thus beneficially effecting
on the stability of the combustion process.

[0015] According to an embodiment of the invention
the array of second accumulator spaces is in connection
with the fuel supply line through only one of the second
accumulator spaces.

[0016] According to an embodiment of the invention
the array of second accumulator spaces is in connection
with the fuel supply line through only one of the second
accumulator spaces at the end in the array of second
accumulator spaces.

[0017] According to an embodiment of the invention
the array of second accumulator spaces is in connection
with each one of the first accumulator spaces via a con-
nection from its second end.

[0018] According to an embodiment of the invention a
second end of the fuel supply line is provided with a safety
valve, by means of which the fuel supply line is connect-
able in flow connection with a fuel tank.

[0019] According to an embodiment of the invention a
second end of the fuel supply line is provided with circu-
lation valve by means of which the fuel supply line is
connectable in flow connection with a fuel tank.

[0020] According to an embodiment of the invention
the common rail fuel injection system the number of high-
pressure pump units is at least half of the number of the
fuel injectors.

[0021] According to an embodiment of the invention
the common rail fuel injection system the number of high-
pressure pump units is half of the number of the fuel
injectors.

[0022] According to an embodiment of the invention
the volume of the first accumulator space is 10 - 30 times
the maximum injection quantity of the injector. It has been
found out by the inventors that this range results in ef-
fective wave dampening in the fuel injection system, yet
simultaneously making possible to effectively utilize the
available space in and in vicinity of cylinder heads of the
engine.

[0023] According to an embodiment of the invention
the first accumulator space is 18 - 22 times the maximum
injection quantity of the injector.
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[0024] According to an embodiment of the invention
the volume of the second accumulator space is 0,1 - 0,2
times the volume of the first accumulator space. Accord-
ing to the studies this range is the most feasible for pres-
sure wave dampening of the fuel when size and com-
plexity of the components are considered.

[0025] According to an embodiment of the invention
the common rail fuel injection system comprises a low-
pressure pump configured to supply fuel to each one of
the high-pressure pumps, fuel inlets of which high-pres-
sure pumps are coupled parallel to each other and to the
low-pressure pump by a fuel transfer line.

[0026] According to an embodiment of the invention
the common rail fuel injection system is configured such
that the volume flow of fuel which exits from a specific
second fuel accumulator space 34 consist of fuel volume
flow from each one of the preceding high-pressure pump
units 30.2 in the array, and the fuel volume flow from the
high-pressure pump of the specific high-pressure pump
unit.

[0027] According to an embodiment of the invention
second accumulator space comprises cylindrical volume
having a diameter and a length, and the length/diameter
ratio of the second accumulator space is 7,5 to 8,5. This
provides effective pressure wave dampening with
straightforward structure and manufacturing process of
the second accumulator space.

[0028] According to an embodiment of the invention
second accumulator space comprises cylindrical volume
having a diameter and a length, and that the length/di-
ameter ratio of the second accumulator space is 7,5 to
8,5, and the first accumulator space is 18 - 22 times the
maximum injection quantity of the injector, and the vol-
ume of the second accumulator space is 0,1 - 0,2 times
the volume of the first accumulator space.

[0029] According to an embodiment of the invention
the cylindrical second accumulator space comprises a
first end and a second end, and comprising a first flow
port at the first end, a second flow port at the second and
a third flow port between the first end and the second
end and the first flow port is a fuel outlet connected to
either to a second flow port of another cylindrical second
accumulator space, or to the fuel supply line, and that
second flow port is a first fuel inlet, and the third flow port
is a second fuel inlet connected to the high-pressure out-
let of the high-pressure fuel pump.

[0030] Method of upgrading a fuel injection system in
amulticylinder internal combustion piston engine, the en-
gine comprising fuel delivering high-pressure parts in-
cluding fuel injector in each one of the cylinders of the
engine, fuel pressure accumulators and fuel supply line
connecting the pressure accumulators to the injectors,
high-pressure fuel pumps connected to the fuel supply
line, comprising:

disassembling at least following fuel supply high-
pressure parts from the engine:
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fuel injectors from each one of the cylinders of
the engine,

fuel supply lines connected to the injectors,
high-pressure fuel accumulators connected to
the fuel supply line

and thereafter

assembling fuel injectors provided with a first accu-
mulator space,

assembling accumulators, each provided with a sec-
ond accumulator space, in flow connection with each
one of the high-pressure pumps,

connecting the second accumulators in flow commu-
nication with each other forming an array of second
accumulator spaces, and

connecting the array of second accumulator spaces
in flow communication by means the fuel supply line
first accumulator spaces.

[0031] By means of the invention it is possible to ef-
fectively replace a bulky, old common rail accumulators
of the first generation in the hotbox of the engine. The
retrofit injectors provided with major part of the needed
accumulator volume as the first accumulator space, can
be installed to replace the old ones in easy way while the
old single plunger pumps of the common rail first gener-
ation are complemented with accumulators with a second
accumulator space.

[0032] According to an embodiment of the invention
the method further comprising:

assembling the fuel injector provided with a first ac-
cumulator space, having volume which is 10 - 30
times the maximum injection quantity of the injector
to each one of the cylinders,

assembling the accumulators, provided with the sec-
ond accumulator space, having volume which is 0,1
- 0,2 times the volume of the first accumulator space.

[0033] According to an embodiment of the invention
the method comprising: disassembling high-pressure
pumps connected to the fuel supply line, assembling a
common rail fuel injection system to the engine, by as-
sembling at least two high-pressure pumps and connect-
ing each high-pressure fuel pump to one second accu-
mulator space.

[0034] According to an embodiment of the invention
the method comprising assembling accumulators, each
provided with a cylindrical second accumulator space, in
flow connection with each one of the high-pressure
pumps, wherein the cylindrical volume having a diameter
and a length, and the length/diameter ratio of the second
accumulator space is 7,5 to 8,5.

[0035] Internal combustion piston engine comprising
a fuel injection system according to anyone of the claims
1-9.

[0036] By means of various embodiments of the inven-
tion, following advantageous effects can be obtained: a
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compact and effective design which dampens and sta-
bilizes the pressure waves in the common rail fuel injec-
tion system in a hotbox of the engine, more economical
design for pump connection as regards to accumulators,
better serviceability and easier maintenance, improved
stability on fuel injection quantities between injectors and
thus more stable combustion process.

[0037] The exemplary embodiments of the invention
presented in this patent application are not to be inter-
preted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" is used in this
patent application as an open limitation that does not
exclude the existence of also unrecited features. The fea-
tures recited in depending claims are mutually freely
combinable unless otherwise explicitly stated. The novel
features which are considered as characteristic of the
invention are set forth in particular in the appended
claims.

Brief Description of Drawings

[0038] In the following, the invention will be described
with reference to the accompanying exemplary, sche-
matic drawings, in which

Figure 1 illustrates a common rail fuel injection sys-
tem according to an embodiment of the invention,

Figure 2 illustrates a common rail fuel injection sys-
tem according to another embodiment of the inven-
tion, and

Figure 3 illustrates a high-pressure pump unit ac-
cording to an embodiment of the invention.

Detailed Description of Drawings

[0039] Figure 1 depicts schematically a common rail
fuelinjection system 10 for an internal combustion piston
engine 11, of which a sections of cylinder heads 12 are
depicted, for clarity reasons. The internal combustion pis-
ton engine is well known to a skilled person in the art.
The common rail fuel injection system 10 for a multicyl-
inder internal combustion piston engine 11 according to
the embodiment shown in the figure 1 comprise at least
two fuel injectors 14, one injector per each cylinder of the
engine. In this connection the injector 14 comprises nec-
essary means, including valve needle and injection ori-
fice(s) (not shown), for metering fuel into a combustion
chamber of the engine under control of a computer, often
referred to as electronic controller unit ECU. In some
practical application the injector 14, more precisely, the
same injector body may include second means for me-
tering (injection valve assembly) second fuel to the com-
bustion chamber, separated from the present invention.
The injectors are provided with leak fuel conduits for re-
turning so called leak fuel back to a source of fuel 20,
such as a fuel tank. The leak fuel conduits are not shown
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here for clarity reasons. Number of cylinders in the engine
may vary and therefore also the number of injectors vary
accordingly.

[0040] Each one of the injectors is provided with a first
accumulator space 16 within the body of the injector,
which facilitates fuel delivery for each injection, such that
adequate amount of fuel with adequate injection pressure
is available for each injection occurrence. The injectors
are connected with each other by a fuel supply line 18,
which runs along the length of a row of cylinders in an
engine, when the injectors and the fuel supply line 18 are
assembled to the engine. High-pressure fuel is supplied
by means of the fuel supply line 18 to each one of the
injectors 14 and therefore also to the first accumulator
spaces 16 of the injectors. The injectors are connected
successively one after the other to the fuel supply line
18, such that the fuel for each one of the injectors is in-
troduced at a first end of the fuel supply line 18. The fuel
supply line 18 comprises pipe sections 26 which are con-
nected with each other by a connector piece 24. Or, in
other words, the connector pieces 24 are connected with
each other by the pipe sections 26. The first accumulator
spaces 16 in the injectors 14 are connected to the fuel
supply line 18 by a branch line 22, which may be referred
to as quill pipe delivering fuel to the injector through a
cylinder head of the engine (not shown in the figure 1).
Thebranchline 22 is connected to arespective connector
piece 24. There is preferably a flow fuse 28 arranged to
the branch line 22 or to the connector piece 24, effecting
to the flow of fuel into the branch line 22 and to the injector
14. The flow fuse 28 prevents excess amount of fuel
(more than a predetermined amount of fuel) flow from
the fuel supply line 18 to the injector at a time, in case of
malfunction of the injector, for example when the valve
needle fails to close properly. Flow fuse and its operation
is known to a skilled personin the art as such, areference
is made for example to WO2016024038 A1, paragraphs
[0022] and [0023].

[0041] Atthe second end of the fuel supply line 18, that
is, after the last connector piece 24 in the fuel supply line
18, in the flow direction of the fuel, there is a fuel return
line 40 arranged, which connects the last connector piece
to the tank 20, or other source of fuel. The fuel injection
system comprises a safety valve 46 in flow connection
with the second end of the fuel supply line 18, which is
configured to open ata predetermined pressure and relief
excess pressure to the return line 40. The fuel injection
system comprises also a circulation valve 52 in flow con-
nection with the second end of the fuel supply line 18, by
means of which fuel may be arranged to flow, i.e., circu-
late in the fuel injection system.

[0042] Forthe safety valve 46 and the circulation valve
52, the return line 40 comprises a section having two
parallel flow lines 42, 44. The safety valve 46 is arranged
to the first flow line 42 and the circulation valve 52 is
arranged to the second flow line 44 such that the valves
can be operated independently from each other. The first
flow line 42 is provided also with an expansion tank 48
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downstream to the safety valve 46, to allow rapid de-
crease of the pressure in the fuel supply line 18, when
needed. There is also an orifice 50 for limiting the flow
rate of the fuel in the return line 40 back to the tank 20.
Typically, the circulation valve 52 provides a proportional
control of the fuel flow, whereas the safety valve may be
of on-off type valve.

[0043] The common rail fuel injection system 10 com-
prises further at least two high-pressure pump units, here
there are a first high-pressure pump unit 30.1 and a sec-
ond high-pressure pump unit 30.2. Each one of the high-
pressure pump units 30 comprises a high-pressure pump
32 and a second accumulator space 34. The high-pres-
sure fuel pump 32 has its high-pressure fuel outlet 36
connected to the second accumulator space 34 via a
connection pipe 35. Thus, advantageously the high-pres-
sure pump 32 and the second accumulator space 34 are
separate parts but fluidly connected with each other. Still
further, in the common rail fuel injection system 10 the
second accumulator spaces 34 are in direct flow connec-
tion with each other, forming an array of second accu-
mulator spaces 38. The array 38 is formed such that the
first one of the second accumulator spaces 34 is at a first
end 38.1 of the array 38 and a last one of the second
accumulator spaces 34 is at a second end 38.2 of the
array 38. The array 38 of second accumulator spaces is
in flow communication with the fuel supply line 18 at its
end.

[0044] In the array 38 of second accumulator spaces,
the second accumulator spaces 34 are connected with
each other by a connection lines 31, and in the figure1
there is only shown the first connection line 31.1. The
first high-pressure pump unit 30.1 feeds the fuel from the
second accumulator space 34 to the first connection line
31.1 via which the fuel is fed to the second accumulator
space 34 of the second high-pressure pump unit 34. In
the embodiment shown in the figure 1 the fuel supply
line18 is configured, and connected so as, to transfer the
total fuel flow generated by all of the high-pressure pump
units 30.1, 30.2 to the injectors 14.

[0045] The common rail fuel injection system compris-
es a fuel transfer line 54 which is configured to transfer
fuel from the fuel tank 20 or a source of fuel, to the inlet
side of the high-pressure pumps 32. The fuel transfer line
54 comprises a delivery line 56 which has its first end
arranged in the tank 20. The delivery line 56 is provided
with a low-pressure pump 58 as a fuel feed pump. The
low-pressure pump 58 is configured to supply fuel to each
one of the high-pressure pumps 32, fuel inlets of which
high-pressure pumps are coupled parallel to each other
and to the low-pressure pump by the fuel transfer line 54.
[0046] There is also a return line 60 provided, which is
connected to the delivery line 56 by a pressure regulating
valve 62 via which the delivery line is optionally connect-
able back to a source of the fuel 20. When the common
rail fuel injection system is in use, the high-pressure
pumps 32, when pressurizing and pumping the fuel, tend
to generate pressure pulsation into the system. This is
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the case because the high-pressure pump 32 is advan-
tageously a jerk pump, in its simplest form a single plung-
er jerk pump.

[0047] In the system, pressure pulsation is attenuated
firstly by the second accumulator space 34 associated
with the specific pump, which is connected to the second
accumulator space 34 via the in the connection pipe 35.
This way the high-pressure unit 30.2 attenuates pressure
pulsation near to the origin of the pulsation. Itis important
to the function of the common rail fuel injection system
according to the invention that the total volume flow of
the fuel is divided to be produced by several high-pres-
sure pump units 30 and thus created pulsation is atten-
uated at the proximity to the origin of the pulsation. In the
common rail fuel injection system, the number of high-
pressure pump units is at least half of the number of the
fuel injectors, even if in the figure 1 the number of high-
pressure pump units is equal to the number of the fuel
injectors 14. In fact, it is also important that a total fuel
accumulator space in the system is divided to several
partial volumes, which are partly located in the injectors
14, at immediate proximity to the injection valve and in
the high-pressure pump units 30, atimmediate proximity
to the high-pressure pump. In terms of the maximum fuel
injection quantity during one injection, that is, during one
combustion occurrence in the cylinder, the volume of the
first accumulator space is 10 - 30 times the maximum
injection quantity of the injector, preferably the first ac-
cumulator space is 18 - 22 times the maximum injection
quantity of the injector. Respectively, the volume of the
second accumulator space is 0,1 - 0,2 times the volume
of the first accumulator space.

[0048] As can be seen in the figure 1 the array 38 of
second accumulator spaces is in connection with the fuel
supply line 18 through only one of the second accumu-
lator spaces 34, which is here the second accumulator
space of the second high-pressure pump unit 30.2, at
the end of the array. The second accumulator space 34
of the second high-pressure pump unit 30.2 is configured
to receive fuel from the second accumulator space of the
first high-pressure pump unit 30.1 and from the high-
pressure pump 32 of the second high-pressure pump
unit 30.2, and to deliver the fuel further to the fuel supply
line 18. This way the array 38 of second accumulator
spaces is in connection with each one of the first accu-
mulator spaces 16 via a connection from its second end
38.2 only. The second accumulator space 34 is thus con-
nected to a first end of the fuel supply line 18.

[0049] In general terms, the common rail fuel injection
system is configured such that the volume flow of fuel
which exits from a specific second fuel accumulator
space 34 consist of fuel volume flow from each one of
the preceding high-pressure pump units 30.2 in the array,
and the fuel volume flow from the high-pressure pump
of the specific high-pressure pump unit.

[0050] Figure 2 discloses a common rail fuel injection
system according to another embodiment of the invention
configured for a multicylinder engine. Figure 2 depicts
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schematically a common rail fuel injection system 10
which is practically similar to that shown in the figure 1,
with the exception that in the figure 2 the common rail
fuel injection system engine is adapted to deliver fuel to
six cylinders. In other respect, all features disclosed and
explained in connection with the figure 1 are applicable
to the system in the figure 2. As is often the case, large
piston engines configured to produce power for generat-
ing electricity or propulsion power have more than six
cylinders, in which case a row of cylinders having more
than six cylinders is provided with more than one of the
common rail fuel injection system according to embodi-
ment of the figure 2. In the embodiment shown in the
figure 2 the number of high-pressure pump units 30 is
half of the number of the fuel injectors 14. There are six
injectors and three high-pressure pump units 30 in the
system. Practically each one of the second accumulator
spaces 34 effect on the pulsation of the fuel pressure in
each one of the first accumulator spaces 16.

[0051] A high-pressure pump unit 30 according to an
embodiment of the invention is illustrated in the figure 3
in more detailed manner. The high-pressure pump unit
30 in the figure 3 is a detailed presentation of the one
shown in the figures 1 and 2. The second accumulator
space 34 is arranged to a fuel accumulator body 33 which
encloses the second accumulator space 34. The body
33 is preferably an assembly of more than one parts. The
second accumulator space 34 is a cylindrical volume hav-
ing a diameter D and a length L. The length/diameter
ratio of the second accumulator space is 7,5 to 8,5. This
alone provides a considerably attenuation of fuel pres-
sure pulsation is obtained in the common rail fuel injection
system according to the invention where at least two fuel
injectors 14 provided with a first accumulator space are
connected by the fuel supply line 18 with at least two
high-pressure pump units 30 having the second accu-
mulator spaces 34 in flow connection with each other,
forming an array of second accumulator spaces.

[0052] The cylindrical second accumulator space 34
has a longitudinal axis and it has a first end 64 and a
second end 66 opposite to each other. There is a first
flow port 68 at the first end 64 of the second accumulator
space 34, a second flow port 70 at the second end of the
accumulator space, and a third flow port 72 between the
first end 64 and the second end 66 of the cylindrical sec-
ond accumulator space. The first flow port 68 is a fuel
outlet connected to either to a second flow port 70 of
another cylindrical second accumulator space 34 in a
succeeding high-pressure pump units in the array 38, or
if it the last one of the second accumulators 34 in the
array 38, to the fuel supply line 18. The second flow port
70 is a first fuel inlet, connected to a first flow port 68 of
another cylindrical second accumulator space 34 pre-
ceding in the array 38, to receive fuel flow from the pre-
ceding high-pressure pump units. And the third flow port
72 is a second fuel inlet connected to the high-pressure
outlet 36 of the high-pressure fuel pump 32. Having the
flow ports arranged as described above, the second ac-
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cumulator space 34 is a cylindrical volume having a di-
ameter D and a length L, wherein the length/diameter
ratio of the second accumulator space is 7,5t0 8,5. It has
been found that usually the ratio value of substantially 8
provides goods results. Advantageously the volume of
the first accumulator space 34 is 10 - 30 times the max-
imum injection quantity of the and the volume of the sec-
ond accumulator space is 0,1 - 0,2 times the volume of
the first accumulator space. Particularly, when applied
to the system described in the figure 2 there is provided
one distinct second accumulator space 34 for two first
accumulator spaces 16 in the injector.

[0053] Thisway even more effective attenuation of fuel
pressure pulsation is obtained in the common rail fuel
injection system according to the invention where at least
two fuel injectors 14 provided with a first accumulator
space are connected by the fuel supply line 18 with at
least two high-pressure pump units 30 having the second
accumulator spaces 34 in flow connection with each oth-
er, forming an array of second accumulator spaces.
[0054] In the figure 3 the high-pressure pump unit 30
comprises a jerk pump 32. Even if a jerk pump is prone
to produce pressure waves in the system, the common
rail fuel injection system according to the invention atten-
uates such pressure waves effectively. The jerk pump
32hasaplunger32.1 assembledtoa cylinder 32.2 where
a pumping space 32.3 is arranged above/behind an end
of the plunger 32.1. The pumping space 32.3 is connect-
ed to a fuel inlet 35 via a check valve 32.4 and to the fuel
outlet 36 via a second check valve 35.5 which facilitates
the flow of pressurized fuel to only one direction and filling
of the space with low-pressure fuel and preventing back
and forth flow of the fuel, while the plunger 32.1 is recip-
rocating in the cylinder. The plunger 32.1 of the pump is
driven by an accessory shaft, which usually is acam shaft
of the engine, directly or indirectly.

[0055] While the invention has been described herein
by way of examples in connection with what are, at
present, considered to be the most preferred embodi-
ments, it is to be understood that the invention is not
limited to the disclosed embodiments, but is intended to
cover various combinations or modifications of its fea-
tures, and several other applications included within the
scope of the invention, as defined in the appended
claims. The details mentioned in connection with any em-
bodiment above may be used in connection with another
embodiment when such combination is technically fea-
sible.

Numbered list of embodiments
[0056]

1. A common rail fuel injection system for a multicyl-
inder internal combustion piston engine, comprising
at least two fuel injectors, wherein each one of the
injectors is provided with a first accumulator space,
a fuel supply line arranged in flow communication
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with each one of the first accumulator spaces,
and
at least two high-pressure pump units, wherein

a. each one of the high-pressure pump units
comprises a high-pressure pump and a second
accumulator space, the high-pressure fuel
pump having its high-pressure outlet connected
to the second accumulator space,

b. the second accumulator spaces being in flow
connection with each other, forming an array of
second accumulator spaces such that the first
one of the second accumulator spaces is at a
firstend of the array and a last one of the second
accumulator spaces is at a second end of the
array, and

wherein the array of second accumulator spaces is
in flow communication with the fuel supply line.

2. A common rail fuel injection system according to
the embodiment 1, wherein the high-pressure pump
unit comprises a fuel accumulator body in which the
second accumulator space is arranged, and the
high-pressure outlet of the pump is connected to the
fuel accumulator body by a connection pipe.

3. A common rail fuel injection system according to
the embodiment 1, wherein the array of second ac-
cumulator spaces is in connection with the fuel sup-
ply line through only one of the second accumulator
spaces.

4. A common rail fuel injection system according to
the embodiment 1 or 3, wherein the array of second
accumulator spaces is in connection with the fuel
supply line through only one of the second accumu-
lator spaces at the end in the array of second accu-
mulator spaces.

5. A common rail fuel injection system according to
the embodiment 1, 3 or 4, wherein the array of sec-
ond accumulator spaces is in connection with each
one of the first accumulator spaces via a connection
from its second end.

6. A common rail fuel injection system according to
the embodiment 3, wherein a second end of the fuel
supply line is provided with a safety valve, by means
of which the fuel supply line is connectable in flow
connection with a fuel tank.

7. A common rail fuel injection system according to
the embodiment 3 or 6, wherein a second end of the
fuel supply line is provided with circulation valve by
means of which the fuel supply line is connectable
in flow connection with a fuel tank.

8. A common rail fuel injection system according to
the embodiment 1, wherein in the common rail fuel
injection system the number of high-pressure pump
units is atleast half of the number of the fuel injectors.
9. A common rail fuel injection system according to
the embodiment 8, wherein in the common rail fuel
injection system the number of high-pressure pump



13 EP 4 030 049 A1 14

units is half of the number of the fuel injectors.

10. A common rail fuel injection system according to
the embodiment 1, wherein the volume of the first
accumulator space is 10 - 30 times the maximum
injection quantity of the injector.

11. A common rail fuel injection system according to
the embodiment 10, wherein the first accumulator
spaceis 18-22 times the maximum injection quantity
of the injector.

12. A common rail fuel injection system according to
anyone of the preceding embodiments, wherein the
volume of the second accumulator space is 0,1-0,2
times the volume of the first accumulator space.
13. A common rail fuel injection system according to
the embodiment 1, wherein the common rail fuel in-
jection system comprises a low-pressure pump con-
figured to supply fuel to each one of the high-pres-
sure pumps, fuel inlets of which high-pressure
pumps are coupled parallel to each other and to the
low-pressure pump by a fuel transfer line.

14. A common rail fuel injection system according to
the embodiment 1, wherein delivery line is provided
with a pressure regulation valve via which the fuel
transfer line is optionally connectable back to a
source of the fuel.

15. A common rail fuel injection system according to
the embodiment 1, wherein the high-pressure pump
is a single plunger jerk pump.

16. A common rail fuel injection system according to
anyone of the preceding embodiments, wherein the
common rail fuel injection system is configured such
that the volume flow of fuel which exits from a specific
second fuel accumulator space consist of fuel vol-
ume flow from each one of the preceding high-pres-
sure pump units in the array, and the fuel volume
flow from the high-pressure pump of the specific
high-pressure pump unit.

17. A common rail fuel injection system according to
anyone of the preceding embodiments, wherein sec-
ond accumulator space comprises cylindrical vol-
ume having a diameter and a length, and that the
length/diameter ratio of the second accumulator
space is 7,5 to 8,5.

18. A common rail fuel injection system according to
the embodiment 17, wherein the cylindrical second
accumulator space comprises a first end and a sec-
ond end, and comprising a first flow port at the first
end, a second flow port at the second and a third
flow port between the first end and the second end.
19. A common rail fuel injection system according to
the embodiment 18, wherein the first flow port is a
fuel outlet connected to either to a second flow port
of another cylindrical second accumulator space, or
to the fuel supply line, and that second flow port is a
first fuel inlet, and the third flow port is a second fuel
inlet connected to the high-pressure outlet of the
high-pressure fuel pump.

20. Method of upgrading a fuel injection system in a
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multicylinder internal combustion piston engine, the
engine comprising fuel delivering high-pressure
parts including fuel injector in each one of the cylin-
ders of the engine, fuel pressure accumulators and
fuel supply line connecting the pressure accumula-
tors to the injectors, high-pressure fuel pumps con-
nected to the fuel supply line,

the method comprising:

disassembling at least following fuel supply high-
pressure parts from the engine:

- fuel injectors from each one of the cylinders of
the engine,

- fuel supply lines connected to the injectors,

- high-pressure fuel accumulators connected to
the fuel supply line and thereafter

- assembling fuel injectors provided with a first
accumulator space,

- assembling accumulators, each provided with a
second accumulator space, in flow connection
with each one of the high-pressure pumps,

- connecting the second accumulators in flow
communication with each other forming an array
of second accumulator spaces,

- connecting the array of second accumulator
spaces in flow communication by means of the
fuel supply line with the first accumulator spaces

21. Method of upgrading a fuel injection system in a
multicylinder internal combustion piston engine ac-
cording to the embodiment, the method comprising:

assembling the fuel injector provided with a first
accumulator space, having volume which is 10
- 30 times the maximum injection quantity of the
injector to each one of the cylinders,
assembling the accumulators, provided with the
second accumulator space, having volume
which is 0,1 - 0,2 times the volume of the first
accumulator space.

22. Method of upgrading a fuel injection system in a
multicylinder internal combustion piston engine ac-
cording to the embodiment, the method comprising:

- Disassembling high-pressure pumps connected
to the fuel supply line,

assembling a common rail fuel injection system to
the engine, by assembling

- Atleast two high-pressure pumps and connect-
ing each high-pressure fuel pump to one second
accumulator space.

23. Method of upgrading a fuel injection system in a
multicylinder internal combustion piston engine ac-
cording to embodiment, wherein the method com-
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prising assembling accumulators, each provided
with a cylindrical second accumulator space, in flow
connection with each one of the high-pressure
pumps, wherein the cylindrical volume having a di-
ameter and a length, and the length/diameter ratio
of the second accumulator space is 7,5 to 8,5.

24. Method of upgrading a fuel injection system in a
multicylinder internal combustion piston engine ac-
cording to the embodiment, wherein the method
comprising:

disassembling at least following fuel supply high-
pressure parts from the engine:

- Fuel injectors from each one of the cylinders of
the engine,

- Fuel supply lines connected to the injectors,

- High-pressure fuel accumulators connected to
the fuel supply line assembling a common rail
fuel injection system according to anyone of the
embodiments 1 - 19 to the engine.

25. Internal combustion piston engine comprising a
common rail fuel injection system according to any-
one of the preceding embodiments 1 - 19.

Claims

A common rail fuel injection system (10) for a multi-
cylinder internal combustion piston engine (11),
comprising

at least two fuel injectors (14), wherein each one of
the injectors (14) is provided with a first accumulator
space (16),

a fuel supply line (18) arranged in flow communica-
tion with each one of the first accumulator spaces
(16),

characterized by

at least two high-pressure pump units (30), wherein

a. each one of the high-pressure pump units (30)
comprises a high-pressure pump (32) and a sec-
ond accumulator space (34), the high-pressure
fuel pump having its high-pressure outlet (36)
connected to the second accumulator space
(34),

b. the second accumulator spaces (34) being in
flow connection with each other, forming an ar-
ray (38) of second accumulator spaces (34)
such that the first one of the second accumulator
spaces (34) is at a first end (38.1) of the array
(38) and a last one of the second accumulator
spaces (34)is ata second end (38.2) of the array
(38), and

wherein the array (38) of second accumulator spac-
es (34) is in flow communication with the fuel supply
line (18).
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2,

A common rail fuel injection system (10) according
to claim 1, characterized in that the array (38) of
second accumulator spaces (34) is in connection
with the fuel supply line (18) through only one of the
second accumulator spaces (34).

A common rail fuel injection system (10) according
to claim 1 or 2, characterized in that the array (38)
of second accumulator spaces (34) is in connection
with the fuel supply line (18) through only one of the
second accumulator spaces (34) at the end in the
array (38) of second accumulator spaces (34).

A common rail fuel injection system (10) according
to claim 1, characterized in that in the common rail
fuel injection system (10) the number of high-pres-
sure pump units (30) is at least half of the number
of the fuel injectors (14).

A common rail fuel injection system (10) according
to claim 4, characterized in that in the common rail
fuel injection system (10) the number of high-pres-
sure pump units (30) is half of the number of the fuel
injectors (14).

A common rail fuel injection system (10) according
to anyone of the preceding claims characterized in
that the volume of the first accumulator space (16)
is 10 - 30 times the maximum injection quantity of
the injector (14), and the volume of the second ac-
cumulator space (34) is 0,1 - 0,2 times the volume
of the first accumulator space (16).

A common rail fuel injection system (10) according
to anyone of the preceding claims, characterized in
that the common rail fuel injection system (10) is
configured such that the volume flow of fuel which
exits from a specific second fuel accumulator space
(34) consist of fuel volume flow from each one of the
preceding high-pressure pump units (30) in the array
(38), and the fuel volume flow from the high-pressure
pump (32) of the specific high-pressure pump unit.

A common rail fuel injection system (10) according
to anyone of the preceding claims, characterized in
that second accumulator space (34) comprises cy-
lindrical volume having a diameter and a length, and
that the length/diameter ratio of the second accumu-
lator space (34) is 7,5 to 8,5.

A common rail fuel injection system (10) according
to claim 8, characterized in that the cylindrical sec-
ond accumulator space (34) comprises a first end
(64) and a second end (66), and comprising a first
flow port (68) at the first end, a second flow port (70)
at the second and a third flow port (72) between the
first end (64) and the second end (66), wherein the
first flow port (68) is a fuel outlet connected to either
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to a second flow port (70) of another cylindrical sec-
ond accumulator space (34), or to the fuel supply
line (18), and that second flow port (70) is a first fuel
inlet, and the third flow port (72) is a second fuel inlet
connected to the high-pressure outlet (36) of the
high-pressure fuel pump (32).

Method of upgrading a fuel injection system in a mul-
ticylinder internal combustion piston engine (11), the
engine (11) comprising fuel delivering high-pressure
parts including fuel injector (14) in each one of the
cylinders of the engine (11), fuel pressure accumu-
lators and fuel supply line (18) connecting the pres-
sure accumulators to the injectors (14), high-pres-
sure fuel pumps connected to the fuel supply line
(18),

the method comprising:

disassembling at least following fuel supply high-
pressure parts from the engine (11):

- fuel injectors from each one of the cylinders of
the engine (11),

- fuel supply lines connected to the injectors,

- high-pressure fuel accumulators connected to
the fuel supply line and thereafter

- assembling fuel injectors (14) provided with a
first accumulator space (16),

- assembling accumulators, each provided with
a second accumulator space (34), in flow con-
nection with each one of the high-pressure
pumps (32),

- connecting the second accumulators in flow
communication with each otherforming an array
(38) of second accumulator spaces (34),

- connecting the array (38) of second accumu-
lator spaces (34) in flow communication by
means of the fuel supply line (18) with the first
accumulator spaces (16).

Method of upgrading a fuel injection system in a mul-
ticylinder internal combustion piston engine (11) ac-
cording to the claim 10, the method comprising:

assembling the fuel injector (14) provided with
a first accumulator space (16), having volume
which is 10 - 30 times the maximum injection
quantity of the injector (14) to each one of the
cylinders,

assembling the accumulators, provided with the
second accumulator space (34), having volume
which is 0,1 - 0,2 times the volume of the first
accumulator space (16).

Method of upgrading a fuel injection system in a mul-
ticylinder internal combustion piston engine (11) ac-

cording to the claim 10 or 11, the method comprising:

- disassembling high-pressure fuel pumps con-

10

15

20

25

30

35

40

45

50

55

10

EP 4 030 049 A1

13.

14.

18
nected to the fuel supply line,

assembling a common rail fuel injection system (10)
to the engine (11), by assembling

- at least two high-pressure fuel pumps (32) and
connecting each high-pressure fuel pumptoone
second accumulator space (34)

Method of upgrading afuel injection system in a mul-
ticylinder internal combustion piston engine (11) ac-
cording to claim 10 or 11, wherein the method com-
prising assembling accumulators, each provided
with a cylindrical second accumulator space (34), in
flow connection with each one of the high-pressure
pumps (32), wherein the cylindrical volume having
a diameter and a length, and the length/diameter ra-
tio of the second accumulator space (34)is 7,5t0 8,5.

Internal combustion piston engine (11) comprising a
common rail fuel injection system (10) according to
anyone of the preceding claims 1 - 9.
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