EP 3 146 195 B1

Patent Office

e brvess (11) EP 3 146 195 B1

(1 9) ’ e Hllm”“l”m||m||‘|”H|H‘|H|‘|‘| |H|Hm|‘l‘l‘lmmll‘“l”ll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: F02M 55/02 (2006.01) FO02M 63/02 (2006.01)

24.07.2019 Bulletin 2019/30
(86) International application number:

(21) Application number: 14732255.6 PCT/F12014/050396

(22) Date of filing: 22.05.2014 (87) International publication number:
WO 2015/177399 (26.11.2015 Gazette 2015/47)

(54) CONNECTING ELEMENT FOR FUEL INJECTION SYSTEM
VERBINDUNGSELEMENT FUR EINSPRITZSYSTEM
ELEMENT DE RACCORDEMENT POUR SYSTEM D’INJECTION.

(84) Designated Contracting States: e ZUANIGH, Luca
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 1-34018 Trieste (IT)
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR (74) Representative: Berggren Oy, Helsinki & Oulu
P.O. Box 16
(43) Date of publication of application: Eteldinen Rautatiekatu 10A
29.03.2017 Bulletin 2017/13 00101 Helsinki (FI)
(73) Proprietor: Wartsila Finland Oy (56) References cited:
65100 Vaasa (FI) EP-A1-2 423 498 WO-A1-2004/063558
WO-A1-2005/071251 WO-A1-2014/001637
(72) Inventors: DE-A1- 4 344 190 DE-A1-19 747 092
* WINTERSTELLER, Anton DE-A1-102005 036 780 US-A-3 780 716

134018 Trieste (IT)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 146 195 B1 2

Description
Technical field of the invention

[0001] The present invention relates to a connecting
element for connecting a fuel injector of a piston engine
to a fuel rail in accordance with the preamble of claim 1.

Background of the invention

[0002] Inacommon rail system of a piston engine sev-
eral fuel injectors are connected to a fuel rail, in which
fuel is stored in a high pressure. The pressure in the fuel
rail may be up to 3000 bar. The fuel injectors are typically
operated electrically and comprise a valve needle for
opening and closing fluid communication between the
fuel rail and the cylinder. Because of the very high pres-
sure in the fuel system, even a small damage can cause
leaking of a fuel injector. Since all the fuel injectors are
continuously connected to the fuel rail, a malfunctioning
fuel injector can cause constant leakage into a cylinder
of the engine. The leaking fuel can cause damage in the
cylinder and also leak further to the surroundings of the
engine. DE4344190 shows a connection arrangement.

Summary of the invention

[0003] An object of the present invention is to provide
a connecting element which can be used for connecting
afuelinjector of a piston engine to afuelrailand to prevent
leakages caused by a fuel injector failure. The charac-
terizing features of the fuel injection system according to
the invention are given in the characterizing part of claim
1.

[0004] The fuel injection system according to the in-
vention comprises a connecting block for receiving fuel
from a fuel rail, and a fuel pipe that is attached to the
connecting block for supplying fuel to a fuel injector. The
connecting block is provided with a fuel inlet for receiving
fuel from the fuel rail and with a fuel outlet that is con-
nected to the fuel pipe. The fuel pipe is provided with a
flow fuse for preventing fuel supply to a leaking fuel in-
jector.

[0005] The flow fuse prevents flow to a fuel injector,
where the valve needle is stuck in an open position. Dam-
agestothecylinder and fuelleakages to the surroundings
of an engine can thus be prevented. Since the flow fuse
is integrated in the fuel pipe, the number of parts in the
fuel injection system can be reduced. Also, less space
for the fuel injection system around the cylinder heads
of the engine is needed. Because the number of connec-
tions between different parts of the fuel injection system
is reduced, also the risk of leakages is reduced.

Brief description of the drawings

[0006] Embodimentsoftheinventionare described be-
low in more detail with reference to the accompanying
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drawings, in which

Fig. 1 shows schematically a fuel injection system
of a piston engine, and

Fig. 2 shows a connecting element for a fuel injection
system according to an embodiment of the invention.

Description of embodiments of the invention

[0007] In figure 1 is shown schematically a fuel injec-
tion system of a piston engine 1. The engine is a large
internal combustion engine, such as a main or an auxil-
iary engine of a ship or an engine that is used at a power
plant for producing electricity. The fuel injection system
is acommon rail system, where pressurized fuelis stored
in a fuel rail 4 before being introduced into fuel injectors
3. In addition to the common rail fuel injection system of
figure 1, the engine 1 can comprise one or more addi-
tional fuel injection systems. For instance, the fuel injec-
tion system of figure 1 could be used for injecting liquid
pilot fuel that is used for igniting gaseous fuel that is in-
troduced into the intake system of the engine 1. The en-
gine 1 could thus be provided with an additional fuel in-
jection system for gaseous fuel and also with an addi-
tional fuel injection system for liquid main fuel.

[0008] The engine 1 comprises a plurality of cylinders
2. Each cylinder 2 of the engine 1 is provided with at least
one fuel injector 3. Each fuel injector 3 is arranged to
inject fuel into a cylinder 2 of the engine 1. The fuel in-
jection system comprises a low-pressure pump 6, which
supplies fuel to a high-pressure pump 5. The high-pres-
sure pump 5 supplies the fuel at a high-pressure into a
fuel rail 4. The pressure in the fuel rail 4 is typically 700
to 3000 bar. In the embodiment of figure 1, all the fuel
injectors 3 of the engine 1 are connected to the same
fuel rail 4. However, the fuel injection system could be
provided with two or more fuel rails 4, in which case only
some of the fuel injectors 3 would be connected to each
fuel rail 4. The fuel injection system could also be pro-
vided with two or more low-pressure pumps 6 and/or
high-pressure pumps 5. For instance, one low-pressure
pump 6 and one high-pressure pump 5 could be provided
for each fuel rail 4 of the engine 1, or several pumps 5,
6 could supply fuel to each fuel rail 4. Each fuel injector
3 is connected to the fuel rail 4 via a connecting element
10. The connecting element 10 is connected to the fuel
rail 4 via a connecting duct 7. The connecting element
comprises a fuel pipe 12 and a connecting block 11 to
which the fuel pipe 12 and the connecting duct 7 are
connected.

[0009] Figure 2 shows a connecting element 10 ac-
cording to an embodiment of the invention. The main
parts of the connecting element 10 are a connecting block
11 and afuel pipe 12. The connecting block 11 is provided
with a fuel inlet 13, which can be connected to the con-
necting duct 7 for introducing the pressurized fuel from
the fuel rail 4 into the connecting element 10. The con-
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necting block 11 is further provided with a fuel outlet 14,
to which the fuel pipe 12 is attached. The fuel pipe 12
and the connecting block 11 are separate parts. The con-
necting block 11 is provided with an internal thread 19,
which is engaged with an external thread 20 that is ar-
ranged at a first end of the fuel pipe 12. The other end
of the fuel pipe 12 can be inserted into a cylinder head,
where it is connected to a fuel injector 3.

[0010] The connecting element 10 further comprises
a flow fuse 15. A flow fuse is generally used as a safety
device infuel injection apparatuses and usually disposed
between the pressure accumulator and the injection
valve. The flow fuse prevents an uncontrolled fuel leak-
age to the combustion space of the cylinder, which may
take place, by limiting the fuel flow rate. The flow fuse,
also called as a flow limiting valve, is a device that is
designed to be triggered in certain predetermined con-
ditions to prevent flow through it. The flow fuse 15 is used
for preventing flow from the fuel rail 4 to the fuel injector
3 in the case the valve needle of the fuel injector 3 is
stuck in an open position. The flow fuse 15 thus functions
as a safety device that prevents fuel leakage through a
malfunctioning fuel injector 3. The flow fuse 15 is ar-
ranged inside the fuel pipe 12. The fuel pipe 12 forms
the body of the flow fuse 15. The flow fuse 15 comprises
a piston 17 and a spring 16. The piston 17 is arranged
completely inside the fuel pipe 12 and can move in the
longitudinal direction of the fuel pipe 12. The spring 16
is arranged to push the piston 17 against a valve seat
18. The valve seat 18 surrounds the fuel outlet 14 of the
connecting block 11. When the fuel injector 3 opens, a
pressure difference over the piston 17 is created and the
fuel pressure inthe fuelrail 4 pushes the piston 17 against
the spring force and moves the piston 17 towards the
fuel injector end of the fuel pipe 12. Fuel flow from the
fuel outlet 14 of the connecting block 11 into the fuel pipe
12 is thus allowed. When the valve needle of the fuel
injector 3 returns to the closed position, the pressure dif-
ference over the piston 17 disappears and the spring 16
pushes the piston 17 against the valve seat 18. During
each injection cycle, the piston 17 thus moves towards
the fuel injector 3 and returns back to the initial position.
[0011] If the fuel injector 3 is not closed properly, a
pressure difference over the piston 17 remains. The pis-
ton 17 thus keeps moving towards the fuel injector end
of the fuel pipe 12 until it reaches a stopper surface 21
and closes the fluid communication between the con-
necting block 11 and the fuel injector 3. The pressure of
the fuel rail 4 keeps the piston 17 in this position and
prevents flow to the malfunctioning fuel injector 3. Dam-
age to the engine 1 and leaking of the fuel to the sur-
roundings is thus prevented. During normal fuel injection,
the piston 17 does not move the full distance against the
stopper surface 21, but the flow fuse 15 is configured so
that the fuel injection is terminated before the piston 17
has moved the full stroke from the initial position to the
flow blocking position. The piston 17 has a channel (not
shown) or a clearance (not shown), through which the
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flow is permitted for example when the piston is at half-
way of the stroke but not permitted when the piston 17
is at its injector side end. Because the flow fuse 15 is
integrated into the fuel pipe 12, the arrangement is space
saving and reduces joints between the parts of the fuel
injection system.

[0012] It will be appreciated by a person skilled in the
art that the invention is not limited to the embodiments
described above, but may vary within the scope of the
appended claims.

Claims

1. A fuel injection system for a piston engine (1), the
fuel injection system comprising a fuel rail (4), a fuel
injector (3) and a connecting element (10) for con-
necting the fuel injector (3) to the fuel rail (4), the
connecting element (10) comprising a connecting
block (11) for receiving fuel from a fuel rail (4), and
a fuel pipe (12) that is attached to the connecting
block (11) for supplying fuel to the fuel injector (3),
the connecting block (11) being provided with a fuel
inlet (13) for receiving fuel from the fuel rail (4) and
with a fuel outlet (14) that is connected to the fuel
pipe (12), the fuel pipe (12) being provided with a
flow fuse (15) for preventing fuel supply to a leaking
fuel injector (3), and the fuel pipe (12) forming the
body of the flow fuse (15), characterized in that one
end of the fuel pipe (12) is inserted into a cylinder
head and connected to the fuel injector (3).

2. A fuel injection system according to claim 1, char-
acterized in that the flow fuse (15) comprises a pis-
ton (17) that is arranged inside the fuel pipe (12) and
that is movable in the longitudinal direction of the
fuel pipe (1), and a spring (16) for pushing the piston
(17) against a valve seat (18).

3. A fuel injection system according to claim 2, char-
acterized in that the valve seat (18) surrounds the
fuel outlet (14) of the connecting block (11).

4. A fuel injection system according to claim 2 or 3,
characterized in that the piston (17) is configured
to move against the spring force until it faces a stop-
per surface (21) and closes fluid communication be-
tween the fuel outlet (14) and the fuel injector (3),
when the amount of fluid flowing through the fuel
outlet (14) in a predetermined amount of time ex-
ceeds a predetermined amount.

Patentanspriiche
1. Kraftstoffeinspritzsystem fiir einen Kolbenmotor (1),

wobei das Kraftstoffeinspritzsystem einen Kraftstoff-
verteiler (4), ein Kraftstoffeinspritzventil (3) und ein
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Verbindungselement (10) zum Verbinden des Kraft-
stoffeinspritzventils (3) am Kraftstoffverteiler (4) um-
fasst, wobei das Verbindungselement (10) einen
Verbindungsblock (11) zur Aufnahme von Kraftstoff
aus einem Kraftstoffverteiler (4), und eine Kraftstoff-
leitung (12), die am Verbindungsblock (11) zum Zu-
fuhren von Kraftstoff zum Kraftstoffeinspritzventil (3)
befestigt ist, wobei der Verbindungsblock (11) zur
Aufnahme von Kraftstoff vom Kraftstoffverteiler (4)
mit einem Kraftstoffeinlass (13) und mit einem Kraft-
stoffauslass (14) versehen ist, der an die Kraftstoff-
leitung (12) angeschlossen ist, wobei die Kraftstoff-
leitung (12) mit einer Strdomungssicherung (15) ver-
sehen ist, um die Kraftstoffzufuhr zu einem undich-
ten Kraftstoffeinspritzventil (3) zu verhindern, und
die Kraftstoffleitung (12) den Kérper der Strémungs-
sicherung (15) bildet, dadurch gekennzeichnet,
dass ein Ende der Kraftstoffleitung (12) in einen Zy-
linderkopf eingesetzt und mit dem Kraftstoffein-
spritzventil (3) verbunden ist.

Kraftstoffeinspritzsystem nach Anspruch 1, da-
durch gekennzeichnet, dass die Strémungssiche-
rung (15) einen Kolben (17), der innerhalb der Kraft-
stoffleitung (12) angeordnetist, und derin der Langs-
richtung der Kraftstoffleitung (1) beweglich ist, und
eine Feder (16) zum Schieben des Kolbens (17) ge-
gen einen Ventilsitz (18), umfasst.

Kraftstoffeinspritzsystem nach Anspruch 2, da-
durch gekennzeichnet, dass der Ventilsitz (18)
den Kraftstoffauslass (14) des Verbindungsblocks
(11) umgibt.

Kraftstoffeinspritzsystem nach Anspruch 2 oder 3,
dadurch gekennzeichnet, dass der Kolben (17)
konfiguriert ist, um sich gegen die Federkraft zu be-
wegen, bis er einer Anschlagflache (21) zugewandt
ist und die Strémungsverbindung zwischen dem
Kraftstoffauslass (14) und dem Kraftstoffeinspritz-
ventil (3) schlie3t, wenn die Menge an Flussigkeit,
die durch den Kraftstoffauslass (14) in einer vorbe-
stimmten Zeitdauer flief3t, eine vorbestimmte Menge
Uberschreitet.

Revendications

Systeme d’injection de carburant pour moteur a pis-
ton (1), ce systéme d’injection de carburant compre-
nant un rail a carburant (4), un injecteur de carburant
(3) et un élément de connexion (10) pour connecter
l'injecteur de carburant (3) au rail a carburant (4),
I'élément de connexion (10) comprenant un bloc de
connexion (11) pour recevoir du carburant en pro-
venance d’un rail a carburant (4), et un tuyau a car-
burant (12) qui est fixé au bloc de connexion (11)
pour fournir du carburant a I'injecteur de carburant

10

15

20

25

30

35

40

45

50

55

(3), le bloc de connexion (11) étant pourvu d’'une
admission de carburant (13) pour recevoir du carbu-
rant en provenance du rail a carburant (4) et d’'une
sortie de carburant (14) qui est connectée au tuyau
acarburant(12), letuyau a carburant (12) étant pour-
vu d’un fusible d’écoulement (15) pour empécher la
fourniture de carburant a un injecteur de carburant
qui fuit (3), et le tuyau a carburant (12) formant le
corps du fusible d’écoulement (15), caractérisé en
ce qu’une extrémité du tuyau a carburant (12) est
insérée dans une téte de cylindre et connectée a
I'injecteur de carburant (3).

Systeme d’injection de carburant selon la revendi-
cation 1, caractérisé en ce que le fusible d’écoule-
ment (15) comprend un piston (17) qui est disposé
dans le tuyau a carburant (12) et qui est mobile dans
le sens longitudinal du tuyau a carburant (1), et un
ressort (16) pour pousser le piston (17) contre un
siége de vanne (18).

Systeme d’injection de carburant selon la revendi-
cation 2, caractérisé en ce que le siege de vanne
(18) entoure la sortie de carburant (14) du bloc de
connexion (11).

Systeme d’injection de carburant selon la revendi-
cation 2 ou 3, caractérisé en ce que le piston (17)
est congu pour se déplacer contre la force de ressort
jusqu’a ce qu’il soit face a face avec une surface
d’arrét(21) etferme lacommunication fluidique entre
la sortie de carburant (14) et I'injecteur de carburant
(3) lorsque le volume de fluide s’écoulant par la sortie
de carburant (14) dans un laps de temps prédéter-
miné excéde un volume prédéterminé.
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