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(57) Sammendrag:
A fuel valve (1) for injecting fuel into the combustion chamber of a large turbocharged two stroke diesel
engine, with a resiliently biased and axially movable valve needle (20) cooperating with a valve seat (22)
including a hollow cut-off shaft (40), a plurality of nozzle holes (35) distributed axially and radially over the
nozzle (30), whereby the nunber of nozzle holes (35) that is open increases with increased lift of the axially
movable valve needle (20) and the hollow cut-off shaft (40) so that the amount of lift of the axially movable
valve needle (20) determines how many nozz holes (35) are open during fuel injection and thereby determines
the available flow through area during fuel injection. The axially movable valve needle (20) of the fuel valve (1)
is operably connected to a linear actuator (85) for providing lift of the axially movable valve needle (20)
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A FUEL VALVE FOR LARGE TURBOCHARGED TWO STROKE DIESEL

ENGINES

The present invention relates to a fuel valve for large
turbocharged two-stoke diesel engines, in particular to
en electronically controlled fuel valve for the large
turbocharged inflow two stroke diesel engines with cross

heads.

BACKGROUND OF THE INVENTION

Large turbocharged two-stroke diesel engines with cross-
heads are typically used as prime movers in large ocean

going ships, such as container ships or in power plants.

These engines are typically provided with two or three
fuel valves arranged in each cylinder cover. The fuel
valve is provided with a spring biased axially movable
valve needle that acts as a movable valve member. When
the pressure of the fuel (typically heavy fuel o0il)
exceeds a preset pressure (typically 350 Bar) the axially
movable valve needle is lifted from its seat and the fuel
is allowed to flow into the combustion chamber via a

nozzle at the front of the fuel valve.

A conventional nozzle has a longitudinal axis that 1is
arranged roughly at an angle of 10 to 15 deg to the
direction of the movement of the piston in the cylinder
of the engine and the nozzle is provided with a central
bore and a plurality of nozzle bores that direct the fuel
away from the cylinder walls and into the combustion
chamber. Typically, there is a swirl in the air in the
combustion chamber at the moment of injection and most of

the nozzle bores are directed to inject the fuel with the
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flow of the swirl although some of the bores may be
directed to inject the fuel against the " flow of the

swirl.

A known fuel valve of this type is the MAN Diesel slide
fuel valve that has a design with a minimized sac volume
of residual fuel. This known fuel wvalve has two
positions: open with all nozzle holes in use or closed.
The position of the axially movable valve needle 1is
controiled by a pressure chamber in the valve housing
above the axially movable valve needle. The pressure
chamber 1is permanently connected a high pressure fuel
source via a throttled connection and connected to drain
via a closable throttled connection. This construction
causes substantial drain loses during valve open time and
causes relatively slow closing and opening speeds of the

fuel valve.

Ongoing demands for reduced emissions and improved
specific fuel consumption require further development of
the fuel injection system. Improved accuracy and faster

opening and closing movement are key aspects.

Dual fuel engines need injection of relatively small
amounts of fuel for pilot injection when the engine is
operated with a gaseous fuel. Present technology does not
allow an injection wvalve that 1s wused for fuel oil
operation to be used for the pilot injection and vice
versa so additional small pilot injection valves are used
for the pilot injection, which means that the duel fuel
engine has double the amount of fuel valves compared to

conventional engines that can only operate on fuel oil.
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DE 10100512 discloses an injection nozzle with a single
acting hydraulic actuator, i.e. it operates only in one
direction, so that the return of the valve needle 1is
exclusively by the force of the helical spring. The
linear hydraulic actuator is single acting with the
opening chamber always being connected to a pressure port
and the opposite “abutment” chamber being either closed
or connected to tank, depending on the position of the
pilot wvalve. The injection nozzle disclosed in DE
10100512, does not have a hydraulic valve that controls
the flow to and from the hydraulic actuator; the pilot
valve only controls the flow from the actuator, whereas
the flow direction to the actuator is always open. The
pilot wvalve of DE 10100512 <can be electrically
manipulated by a piezo-electric device that can move the
pilot wvalve o its open position or allow it to be urged
back by the spring to closed position. In DE 10100512
full 1lift if of the valve needle is obtained by opening
the pilot valve so that the valve needle closing chamber
is depressurized. A reduced valve needle lift is obtained
by closing the pilot valve so that the fuel or oil
trapped in abutment chamber is elastically compressed.
Channel of DE 10100512 cannot be permanently connected to
a source of high-pressure fuel, because this would cause
permanent lift (be it reduced 1lift) and constant flow of
fuel from the nozzle, which is not desirable. DE 10100512
requires a “fuel valve” that controls the flow of
pressurized fuel to the channel that only allows
pressurized fuel to .channel of the fuel injection nozzle

during a fuel injection event.

US 6,439,483 discloses variable orifice electronically
controlled common variable rail injector (VOECCRI) for

use 1in internal combustion engines characterized in part

DK 177420 B1
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by the provision of injection ports or orifices along a
tip portion of the nozzle housing having an internal
cylindrical surface, and which cooperates in sealing and
sliding relation with an internal hollow fuel needle
having a cylindrical outer surface. 1In seating, the
needle seats against a frusto-conical seat carried in the
closure sac at the lower tip of the assembly, whereby
leakage 1s controlled and precise opening of the
injection orifices can be effected and programmed, as
desired. The valve needle is actuated by an electrical

solenoid.

DISCLOSURE OF THE INVENTION

On this background, it 1is an object of the present
application to provide a fuel valve that is able to at
least partially meet the demands indicated above and at

least partially overcome the problems indicated above.

This object is achieved by providing a fuel valve for
injecting fuel into the combustion chamber of a large two
stroke diesel engine, the fuel valve comprising a fuel
valve housing, an elongated nozzle with an axial bore and
a closed front, a high pressure fuel inlet port for
connection to a source of high pressure fuel, a conduit
connecting the high pressure fuel inlet port to the
nozzle, a resiliently biased and axially movable wvalve
needle cooperating with a valve seat in the valve housing
and configured to control the flow of fuel from the high
pressure fuel inlet port to the nozzle, whereby 1lift of
the axially movable valve needle allows flow from the
high pressure fuel supply port to the nozzle, a plurality
of nozzle holes distributed axially and radially over the
nozzle, a cut-off shaft moving in unison with the valve

needle and received axially displaceable in the central
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bore in the nozzle for opening and closing the nozzle
holes, the plurality of nozzle holes being distributed
axially such that the number of nozzle holes that is open
increases with increased lift of the valve needle and the
cut-off shaft so that the amoﬁnt of 1lift of the axially
movable valve needle determines how many nozzle holes are
open, and an electro-hydraulic linear actuator operably
connected to said axially movable valve needle for
providing 1lift of the axially movable valve needle, the
linear actuator controls the magnitude of the 1lift of the
axially movable valve needle in response to a control
signal, the electro-hydraulic actuator comprises an
electrically operated linear motor acting on a hydraulic
valve and the hydraulic valve controls the flow to and
from a double acting linear hydraulic actuator that 1is

operably connected to the valve needle

By providing a relation between the amount of valve 1lift
and the number of nozzle holes that are open during an
injection event and by providing a linear actuator it
becomes possible to control the number of nozzle holes
that are open during an injection event. This 1is
particularly advantageous in connection with the
injection of relatively small amounts of fuel o0il for
pilot injection that is required for dual fuel engines
when they are operated with a gaseous fuel such as
natural gas. Thus, it becomes possible to use the fuel
valves of a large two stroke duel fuel diesel engine
that are wused for fuel o©il (also heavy fuel o0il)
operation for injection of pilot o0il (pilot injection)

during gas operation.

DK 177420 B1
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By wusing an electro hydraulic 1linear actuator the
position of the valve needle can be controlled swift and

accurately.

In an embodiment the linear actuator controls the
magnitude of the lift of the axially movable valve needle

in response to a control signal.

In another embodiment, the linear actuator is at least
partially integrated into the axially movable valve
needle. Hereto, the 1linear electric motor is operably
coupled to an actuation spool received in an axial bore

in the axially movable valve needle.

Preferably, the linear actuator comprises a linear
electric motor operably coupled to an actuation spool
received in an axial bore in an actuation section of the
axially movable valve needle and said actuation spool is
part of said hydraulic valve and configured to control
the flow of fluid to and from said hydraulic linear

actuator.

In an embodiment the housing of the linear electric motor
is rigidly connected to the fuel valve housing and an
output shaft of the linear electric motor is operably

connected to the actuation spool.

The fuel valve may further comprise a pressure chamber in
the wvalve housing disposed above the axially movable
valve needle for urging the axially movable valve needle
towards the valve seat when pressurized, where said
actuation spool is configured to either connect the
pressure chamber to the high pressure fuel inlet port or

to connect the pressure chamber to drain or to close off
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the pressure chamber, depending on the position of the
actuation spool relative to the axially movable valve

needle.

Preferably, the actuation spool cooperates with a
plurality of ports in the axially movable valve needle,
said ports connect the high pressure fuel inlet port, to

the drain and to the pressure chamber respectively.

In an embodiment the ports and the actuation spool are
configured such that the axially movable valve needle
follows the axial movement of the actuation spool

relative to the valve housing.
Preferably, the hydraulic valve is a proportional valve.

In an embodiment the linear electric motor provides an
output shaft position signal or wherein a position sensor
is coupled to the output shaft of the linear motor or to

the actuation spool.

In another embodiment the linear actuator provides an
output shaft position signal or wherein a position sensor
is coupled to the output shaft of the linear actuator or

to the actuation spool.

Preferably, the interior of the cut-off shaft is hollow
and the hollow interior is connected to the inlet port
of the fuel valve when the valve needle is lifted from

its seat.

Preferably the flow area through the nozzle holes 1is

determined by the amount of lift of the valve, needle.

DK 177420 B1
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In an embodiment the fuel wvalve includes a pressure
chamber in the valve housing disposed above the axially
movable valve needle for urging the axially movable valve

on needle towards the valve seat when pressurized,

the linear electric motor being operably coupled to an
actuation spool that is received in an axial bore in the
axially movable valve needle with said actuation spool
being configured to either connect the pressure chamber
to the high pressure fuel inlet port or to connect the
pressure chamber to drain or to close off the pressure
chamber, depending on the position of the actuation spool

relative to the axially movable valve needle.
Further objects, features, advantages and properties of
the fuel valve according to the present disclosure will

become apparent from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed ©portion of the present
description, the invention will be explained in more
detail with reference to the exemplary embodiments shown

in the drawings, in which:

Fig. 1 1is a longitudinal-section of an exemplary
embodiment of a fuel valve,

Fig. 2 1is a longitudinal-section of another exemplary
embodiment of a fuel valve, and

Figs. 3 and 4 show details of exemplary embodiments of

the nozzle for use in the fuel valve.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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The fuel wvalve 1 according to an exemplary embodiment
illustrated in Fig. 1 has an external housing 10 which at
its rearmost end has a fuel inlet port 16 and a fuel
outlet port 18. The inlet port 16 is to be connected to a
source P of high pressure fuel such as fuel o0il, heavy
fuel oil from a fuel pump or from a common fuel rail. The
outlet port 18 1is to be connected to a return line to

tank T.

The fuel valve 1 may in a known manner be mounted in the
cylinder cover of a large two-stroke diesel engine and be

connected with a fuel pump, not shown.

The fuel inlet port 16 is in flow connection with a duct
17. Duct 17 extends to the seat of a valve needle 20 that
is axially displaceable in an axial bore in the wvalve
housing 10. The valve needle 20 is biased to its seat 22
by a closing spring 23. The foremost part of the wvalve
housing 10 holds a nozzle 30 that projects from the valve
housing 10 and into the combustion chamber of the engine
cylinder (not shown) when the fuel valve 1 is mounted on

the cylinder cover.

Fig. 1 shows the valve needle 20 resting on the valve
seat 22. In this position, fluid flow of fuel from the
fuel o0il inlet port 16 to the nozzle 30 is blocked. A
chamber 25 above the valve seat 22 is connected to duct

17 to receive pressurized fuel.

The valve needle 20 carries a foremost cut-off shaft 40
that is thinner than the rearmost section of the wvalve
needle 20 and the cut-off shaft 40 projects into a
central bore 33 in the nozzle 30. Thus when the valve

needle 20 is axially displaced in the bore in the housing

DK 177420 B1
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10 the cut-off shaft 40 1is axially displaced in the

central bore of the nozzle 30.

The nozzle 30 is further provided with a plurality of
nozzle holes 35 through which the fuel is injected into
the combustion chamber from the central bore 33. Thus,
during a fuel injection event a jet of fuel comes from

the nozzle holes 35.

In an embodiment, the nozzle holes 35 are drilled into
the nozzle. The centerline of each nozzle hole 35 may
coincide roughly with the centerline of the central bore

33. However, the centerlines of the nozzle holes 35 do

not have to coincide exactly with the centerline of the

central bore 33.

The cut-off shaft 40 is in an exemplary embodiment made
as one piece of material with the valve needle 20. The
cut-off shaft 40 is hollow and the hollow interior of the
cut-off shaft 40 connects to the space downstream of the
valve seat 22. Thus, when the valve needle 20 is lifted
from its seat the flow path extends all the way from the
fuel o0il inlet 16 to the hollow interior of the cut-off
shaft 40. |

A duct 19 is connected to the outlet port 18 and the duct
19 collects the return oil flow as will de explained in

greater detail hereafter.

The foremost part of the cut-off shaft 40 is cylindrical

and fits exactly into the central bore 33.

In an embodiment shown in figure 3 the nozzle holes 35

are distributed over the nozzle 30 so as to distribute

DK 177420 B1
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them with a distance between the perimeters of
neighboring nozzle holes 35 in the axial direction of

(negative overlap).

In another embodiment shown in Figure 4 the nozzle holes
35 are distributed over the nozzle 30 so as to distribute
them without a distance between the perimeters of
neighboring nozzle holes 35 in the axial direction of
(positive overlap). The overlap can ih en embodiment also

be zero.

In its lowermost position the cut off shaft 40 will
always close the lowermost holes and can even have a
small overlap improving the sealing conditions. Further,
the nozzle holes 35 are spread radially and directed
radially in different directions so as to cover a wide
sector of the combustion chamber with fuel jets coming

from the nozzle holes 35 during fuel injection.

Thus, the extent of the 1lift of the valve needle 20 and
the cut-off shaft 40 determines how many of the nozzle
holes 35 are open at a given point in time, and thus the
extend of the 1lift of the valve needle 20 determines the
flow area through which the fuel is injected into the
combustion chamber in atomized form. The greater the
1lift, the more nozzle holes 35 are open (until the 1ift
has reached a stage where all nozzle holes 35 are open).
Thus the number of nozzle holes 35 that are in use during
a fuel injection event can be controlled via the extent
of the 1lift of the valve needle 20 and the cut-off shaft
40.

In an embodiment of the injection wvalve 1 that is

particularly wuseful for both pilot injection in gas
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operation and regular fuel o0il injection in fuel oil
operatiop, a first group of nozzle holes 35 that are
opened during the first part of the opening movement of
the valve needle 20, have a relatively small diameter,
and the nozzle holes 35 that are opened in the following
or second part of the opening movement of the valve
needle 20 have a larger diameter than the nozzle holes 35
of the first group. In this embodiment, a small 1lift of
the valve needle 20 opené only the first group of nozzle
holes 35 with the relatively small diameter, which
creates a small flow through area which is good for
injecting small amounts of fuel o0il for pilot injection
in gas operation of the engine and a larger 1lift of the
valve needle 20 opens both the first group of nozzle
holes 35 with the reduced diameter and the other nozzle
holes 35 with the larger diameter which creates a large
flow through area which is good for regular fuel oil
injection 1in fuel o0il operation of the engine. This
embodiment is also particularly useful in connection with
low load operation (in fuel o0il operation) for injection
the relatively small amounts of fuel o0il that are

injected at low load operation.

The valve needle 20 includes an actuation section 43. The
actuation section 43 can be an integral part of the valve
needle 20 or be connected to the valve needle 20 {(in the
shown embodiment, the actuation section is integral with
the wvalve needle 20). The actuation section 43 is a
substantially cylindrical section that is slidably
received in an axial bore 45 in the valve housing 10 so
that the actuation section 43 can act like a piston in
the valve housing 10. A pressure chamber 46 formed in the
upper part (upper as in the drawing) of the valve housing

10 is disposed above the actuation section 43. The spring

DK 177420 B1
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23 for urging the valve needle 20 onto its seat 22 is
received in the pressure chamber 46, and acts on the top
of the actuation section 43. The pressure in pressure
chamber 46 acts on the valve needle 20 to urge the latter
in the closing direction with an effective surface area

Al.

Another pressure chamber 70 for urging the valve needle
20 in the opening direction is 1located wunder the
actuation section 43 and connected via bore 72 to duct
17. Pressure chamber 70 1is therefore always pressurized
when the fuel inlet port 16 is connected to a source of
pressurized fuel (such as a fuel pump). The pressure in
pressure chamber 70 acts on the valve needle 20 to urge
the latter in the opening direction with an effective

surface area A2.

A concentric axial bore 52 is formed in the actuation
section 43. A spool member 53 is slidably received in the
axial bore 52. The spool member 53 includes three lands
54,55,56, and the position of the spool member 53
relative to the actuation section 43 controls the flow to
and from three ports 57,58,59 that open into the axial
bore 52.

Port 57 connects radially through the actuation section
43 to a port 69. Port 69 connects radially to duct 19. A
recess 67 in the inner wall of the axial bore 45 ensures
that there is a flow connection between port 57 and port

69 in a range of positions of the actuation section 43.

Port 58 connects radially through the actuation section
43 to a port 62. Port 62 connects radially to duct 17. A

recess 65 in the inner wall of the axial bore 45 ensures
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that there is a flow connection between port 58 and port

62 in a range of positions of the actuation section 43.

Port 59 has a radial section and an axial section and
connects the interior of the axial bore 52 to pressure

chamber 46.

The position of the spool member 53 relative to the
actuation section 43 and the position of the actuation
section 43 relative to the valve housing 10 determine
which of the posts 57,58 and 59 are open and connected to

the duct 17 and duct 19 respectively.

A chamber 86 below the spool member 53 is connected to a
chamber 80 via bores 83. Chamber 80 is directly connected
to duct 19 and therefore chamber 86 is connected to tank

T.

The wvalve seat area equals effective pressure area A3
Pressure area A2 is the only area urging the valve needle
20 in the 1lifting direction when the wvalve needle 20
rests on the valve seat 22 and the fuel valve 1 is
closed. When the valve needle 20 has 1lift, both effective
pressure area A2 and effective pressure are A3 urge the
valve needle 20 in the 1lift direction. In order to be
able to return the valve needle 20 to the valve seat 22
the force of the spring 46 in combination with the
hydraulic force on effective pressure surface Al must be
larger than the combined hydraulic force of effective

pressure surfaces A2 and a3.

The effective pressure area for lifting the valve needle

20 is the result of areas Al, A2 and A3, i.e. A2 + A3

DK 177420 B1
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acts in the opening direction and Al acts in the closing

direction.

The spool member 53 is connected to a linear actuator 85
via a coupling 11. The linear electric motor 85
determines the position of the spool member relative to
the valve housing 10. The linear actuator 85 is coupled
to an electronic control wunit 50, for example the
electronic control wunit of the engine. The 1linear
actuator includes a position sensor 86. In the present
embodiment the linear actuator is an electric actuator,
i.e. a linear electric motor 85. The electronic control
unit 50 receives a position signal from the position
sensor 86 in the linear actuator 85 and the electronic
control unit 50 is therefore informed of the position of
the linear actuator 85 and of the valve needle 20 and a

closed loop control circuit is formed.

The pressure 1in pressure chamber 70 acting on the
effective pressure surface A2 and when there is valve
lift also on effective pressure area A3 urge the valve
needle 20 against the action of the spring 23 in the
opening direction. Effective pressure area Al is larger

than the sum of effective pressure areas A2 and A3.

The configuration of the spool member 53, the actuation
member 43 and the various bores and ports is such that
pressure chamber 46 is connected to drain (tank T) via
bore 59, bores 57 and 67 and duct 19 when the spool
member 53 1is lifted. Thus, the pressure in pressure
chamber 46 will fall if the spool member 53 is lifted by
the linear actuator 85. When the linear actuator 85 moves
the spool member 53 down a connection is established

between duct 17 and pressure chamber 46 and the pressure

DK 177420 B1
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in the pressure chamber 46 will rise and since effective
pressure area Al 1is larger than the sum of effective
pressure areas A2 and A3 the valve needle will be urged

to close, further assisted by the spring 23.

Thus, the valve needle 20 will move the same distance and
direction as the linear actuator 85 has moved the spool

member 53 up or down.

In operation, the electronic control unit 50 determines
on the basis of various parameters such as engine load
and speed tﬁe shape (rate shaping) and timing of the next
injection event for a given cylinder. On the basis of the
calculated profile for the rate shaping the electronic
control unit determines what the extent of the 1lift of
the valve needle 20 has to be at a given point in time.
The electronic control unit instructs the linear actuator
85 to move to the determined position at a given point in
time. When the wvalve 1lift 1is to be increased the
electronic control unit commands the linear actuator 85

accordingly and vice versa.

The extent of the valve needle lift as controlled by the
electronic control unit determines how many of the nozzle
bores 35 are open during the fuel injection event or
during a portion of the fuel injection event and the
pressurized fuel is injected into the combustion chamber
through the open holes 35. During the fuel injection
event the electronic control unit commands the linear
actuator 85 to follow the determined (rate shaping) curve
until the linear actuator 85 has returned to the initial
position and the valve needle has returned to its seat 22

and the fuel injection event ends.

DK 177420 B1
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The extent of the length of the upward movement of linear
actuator 85 from the initial position determines how many
of the nozzle holes 35 are open at any point in time
during the injection event. The number of nozzle holes 35
used during a fuel injection event can thus be controlled
individually for each fuel valve 1 and for each injection
event and allows the number of nozzle holes 35 used
during an injection event to be adapted to circumstances.

Thus, the embodiment according to Figure 1 includes an
electro-hydraulic linear actuator 43,26,70,120 operably
connected to the axially movable valve needle for
providing lift of the axially movable valve needle, and
the linear actuator controls the magnitude of the 1lift of
the axially movable valve needle in response to a control
signal. The fuel valve 1 includes an electro-hydraulic
actuator that includes an electrically operated actuator
85 acting on a hydraulic valve 43,57,58,59, and the
hydraulic valve controls the flow to and from the linear
hydraulic actuator 43,46,70 like a proportional valve.
The hydraulic linear actuator is operably connected to

the valve needle 20

Fig. 2 1illustrates another exemplary embodiment of the
fuel valve 1. The fuel valve 1 illustrated in Fig. 2 has
an external housing 10 which at its rearmost end has a
fuel inlet port 16 and a fuel outlet port 18. The inlet
port 16 is to be connected to a source P of high pressure
fuel such as fuel o0il, heavy fuel o0il or gaseous fuel
such as natural gas from a fuel pump or from a common
fuel rail. The outlet port 18 is to be connected to a

return line to tank T.

DK 177420 B1
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The fuel valve 1 may in a known manner be mounted in the
cylinder cover of a large two-stroke diesel engine and be

connected with a fuel pump (not shown).

The fuel inlet port 16 is in flow connection with a duct
17. Duct 17 extends to the seat of a valve needle 20 that
is axially displaceable in an axial bore in the valve
housing 10. The valve needle 20 is biased to its seat 22
by a closing spring 23. The foremost part of the valve
housing 10 holds a nozzle 30 that projects from the valve
housing 10 and into the combustion chamber of the engine
cylinder (not shown) when the fuel valve 1 is mounted on

the cylinder cover.

Fig. 2 shows the wvalve needle 20 resting on the valve
seat 22. In this position the flow of fuel from the fuel
0il inlet port 16 to the nozzle 30 is blocked. A chamber
25 above the valve seat 22 is connected to duct 17 to

receive pressurized fuel.

The valve needle 20 carries a foremost cut-off shaft 40
that is thinner than the rearmost section of the valve
needle 20 and the cut-off shaft 40 projects into a
central bore 33 in the nozzle 30. Thus when the valve
needle is axially displaced in the bore in the housing 10
the cut-off shaft 40 is axially displaced in the central

bore of the nozzle 30.

The nozzle 30 1is further provided with a plurality of
nozzle holes 35 through which the fuel is injected into
the combustion chamber from the central bore 33. Thus,
during a fuel injection event a Jjet of fuel comes from

the nozzle holes 35.

DK 177420 B1
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In an embodiment the nozzle holes 35 are drilled into the
nozzle. The centerline of each nozzle hole 35 may
coincide roughly with the centerline of the central bore
33. However, the centerlines of the nozzle holes 35 do
not have to coincide exactly with the centerline of the

central bore 33.

The cut-off shaft 40 is in an exemplary embodiment made
as one piece of material with the valve needle 20. The
cut-off shaft 40 is hollow and the hollow interior of the
cut-off shaft 40 connects to the space downstream of the
valve seat 22. Thus, when the valve needle 20 is lifted
from its seat, the flow path 17 extends all the way from
the fuel o0il inlet 16 to the hollow interior of the cut-
off shaft 40. A duct 19 is connected to the outlet port
18 and the duct 19 collects the return oil flow as will

de explained in greater detail further hereafter.

The foremost part of the cut-off shaft 40 is cylindrical
and fits exactly into a central bore 33 in the nozzle 30.
The angular position of the valve needle 20, and thereby
the cut-off shaft 40 is fixed by a pin (not shown) that
prevents the valve needle 20 from rotating relatively to

the valve housing 10.

In an embodiment the nozzle holes 35 are distributed over
the nozzle 30 so as to distribute them with a space
between them along the longitudinal extent of the nozzle,
i.e. in an axial direction. In its lowermost position the
cut off shaft 40 will always close the lowermost holes
and can even have a small overlap improving the sealing
conditions. Further, the nozzle holes 35 are spread

radially and directed radially in different directions so



10

15

20

25

30

20

as to cover a wide sector of the combustion chamber with

fuel jets coming from the nozzle holes 35.

Thus, the extent of the 1lift of the valve needle 20 and
the cut-off shaft 40 determines how many of the nozzle
holes 35 are open at a given point in time, and thus the
extend of the 1lift of the wvalve needle 20 determines the
flow area through which the fuel is atomized. The greater
the 1lift the more nozzle holes 35 are open (until the
1ift has reached a stage where all nozzle holes 35 are
open). Thus the number of nozzle holes 35 that are in use
during a fuel injection event can be controlled via the
extent of the 1lift of the valve needle 20 and the cut-off
shaft 40.

In an embodiment of the injection wvalve 1 that is
particularly useful for both pilot injection in gas
operation and regular fuel o0il injection in fuel oil
operation a first group of nozzle holes 35 that are
opened during the first part of the opening movement of
the valve needle 20 have a relatively small diameter and
the nozzle holes 35 that are opened in the following or
second part of the opening movement of the wvalve needle
20 have a larger diameter than the nozzle holes 35 of the
first group. In this embodiment, a small 1lift of the
valve needle 20 opens only the first group of nozzle
holes 35 with the relatively small diameter, which
creates a small flow through area which is good for
injecting small amounts of fuel o0il for pilot injection
in gas operation of the engine and a larger 1lift of the
valve needle 20 opens both the first group of nozzle
holes 35 with the reduced diameter and the other nozzle
holes 35 with the larger diameter which creates a large

flow through area which 1is good for regular fuel oil
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injection in fuel o0il operation of the engine. This
embodiment is also particularly useful in connection.with
low load operation (in fuel o0il operation) for injection
the relatively small amounts of fuel o0il that are
injected at low load operation.
yThe valve needle 20 includes an actuation section 93. The
actuation section 93 can be an integral part of the valve
‘needle 20 or be connected to the valve needle 20 (in the
shown embodiment the actuation section 1is integral with
the valve needle 20). The actuation section 93 1is a
substantially <cylindrical section that is slidably
received in an axial bore 95 in the valve housing 10 so
that the actuation section 93 can act like a piston in
the valve housing 10. A chamber 96 formed in the upper
(or rear) part (upper as in the drawing) of the valve
housing 10 is disposed above the actuation section 93 and
a spring 23 for urging the valve needle 20 onto its seat
22 1is received in the chamber 96 and acts on the top of

the actuation section 93.

A pressure chamber 100 for urging the valve needle 20 in
the opening direction 1is located under the actuation
section 93 and connected via bore 102 to duct 17.
Pressure chamber 100 is therefore always pressurized when
the fuel inlet port 16 is connected to the source of
pressurized fuel (such as a fuel pump). The pressure in
pressure chamber 100 acts with an effective surface A4 on
the valve needle 20 to urge the latter in the opening
direction. For proper operation the combined hydraulic
force on effective pressure surfaces A3 and A4 must be
smaller than the combination of the hydraulic force on

effective pressure area A5 and the force applied by the
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22

spring 96, otherwise the fuel valve will not be able to

close.

The actuation section 93 1is connected to an electro
hydraulic actuator 120 via a connection shaft 110. The
electro hydraulic actuator 120 includes an actuator
housing 122. An actuation piston 124 is slidably received

in a cylindrical bore 126. The actuation piston 124 has

“also a reduced diameter section that is partially

received in a reduced diameter section of the cylindrical
bore 126. A first actuation chamber 128 is formed above
the reduced diameter section of the actuation piston 124.
The first actuation chamber 128 acts on the actuation
piston 124 with an effective surface area A5 to urge the
actuation piston in a downward direction (downward as in
the figures). A second actuation chamber 130 is formed
below the actuation piston 124. The second actuation
chamber 130 acts on the actuation piston 124 with an
effective surface area A6. The areas A5 and A6 are
variable depending on the size of the actuator, and the
effective surface area A6 of the second actuation chamber
130 1is double the area A5 of the effective surface area
of the first actuation chamber 128, i.e. A4 = %¥A5. The
connection shaft 110 extends through the actuator housing
122 and to the second actuation chamber 130 and connects

to the actuation piston 124.

The first actuation chamber 128 is permanently connected
to a source of pressure Pl (such as the fuel pump) via a
conduit 133. The second actuation chamber 130 is
connected to a proportional pilot valve 140 via a conduit
135. The proportional pilot valve 140 has two extreme
positions and one middle position. In the first extreme

position the proportional pilot wvalve 140 connects the
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second actuation chamber 130 to tank T. In the middle
position in the proportional pilot 140 is closed and in
the second extreme position the pilot valve 140 connects
the second actuation chamber 130 to the source of
pressure Pl. The proportional pilot valve 140 can shift
gradually between these three positions. The position of
the proportional pilot wvalve 1is determined by an
electronic control unit 150, such as electronic control

unit of the engine.

The electronic control wunit 150 receives information
about the position of the actuation piston via a position
sensor 152 1in the electro hydraulic actuator 120 to
establish a closed loop control circuit for controlling
the position of the electro-hydraulic actuator 120 and
thereby the position and extent of 1lift of the wvalve
needle 20.

In operation, the electronic control unit 150 determines
on the basis of various parameters such as engine load
and speed the shape (rate shaping) and timing of the next
injection event for a given cylinder. On the basis of the
calculated profile for the rate shaping the electronic
control unit 150 determines what the extent of the 1lift
of the valve needle 20 has to be at a given point in
time. The electronic control unit 150 instructs the
electro-hydraulic actuator 120 to move to the determined
position at a given point in time. When the valve lift is
to be increased the electronic control unit 150 commands
the proportional pilot wvalve 140 to connect the second
actuation chamber 130 to the source of pressure Pl until
the desired position is obtained. When the second
actuation chamber 130 is connected to thank the actuation

piston 124 will move upwards (upwards as in the drawings)
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since the effective pressure area A6 associated with the
second actuation chamber 130 that acts in the opening
direction 1is larger than the  sum of the effective
pressure areas AL associated with the first actuation
chamber 128 and the effective pressure area A4 associated

with pressure chamber 100.

Thus, the actuation piston 124 the valve needle 20 moves
up from an initial position (for éxample the closed
position of the fuel valve) a distance determined by the
electronic control unit 150 and the valve needle 20 is
lifted from its seat 22 with the same distance as
movement of the actuation piston 124 (in the initial
position of the actuation piston 124 the valve needle 20
may fest on its seat 22). The extent of the wvalve needle
lift as controlled by the electronic control unit 150
determines how many of the nozzle bores 35 are open
during the fuel injection event or during a portion of
the fuel injection event and the pressurized fuel is
injected into the combustion chamber through the open
holes 35. During the fuel injection event the electronic
control unit 150 commands the electro hydraulic actuator
120 to follow the determined curve until the actuation
piston 124 has returned to the initial position and the
valve needle has returned to its seat 22 and the fuel

injection event ends.

The extent of the length of the upward movement of the
electro-hydraulic actuator 120 from the initial position
determines how many of the nozzle holes 35 are open at
any point in time during the injection event and thereby
the flow through area through the nozzle holes 1is
determined. The number of nozzle holes 35 used during

fuel injection event can thus be controlled individually

DK 177420 B1
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for each fuel valve 1 and for each injection event and
allows the number of nozzle holes 35 used during an

injection event to be adapted to circumstances.

Thus, the fuel valve according to the embodiment shown in
Figure 2 includes an electro-hydraulic linear actuator
120,122,124,140,141, operably connected to said axially
movable valve needle 20 for providing lift of the axially
movable valve needle, whereby the linear actuator
controls the magnitude of the 1ift of the axially movable
valve needle 20 in response to a control signal. The
electro-hydraulic actuator comprises an electrically
operated actuator 141 acting on a hydraulic valve 140)
and the hydraulic valve controls the flow to and from a
linear hydraulic actuator 122,124,126,130 that is

operably connected to the valve needle 20.

The teaching of this disclosure has numerous advantages.
Different embodiments or implementations may yield one or
more of the following advantages. It should be noted that
this 1is not an exhaustive 1list and there may be other
advantages which are not described herein. One advantage
of the teaching of this disclosure is that it provides
for a fuel valve for a large two-stroke diesel engine
that allows for and optimal number of nozzle bores to be
open during an injection event. It is another advantage
of the fuel valve that it allows for precise control of a
fuel injection event. It is another advantage of the
present fuel valve that it «can be wused for pilot
injection during gaseous fuel operation and for regular
fuel injection with fuel o0il or heavy fuel oil. It is
another advantage of the present disclosure that it
provides for a fuel wvalve that allows small diameter

nozzle bores to be used with pilot injection during
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gaseous fuel operation and large diameter nozzle holes to

be used when operating on fuel oil or heavy fuel oil.

Although the teaching of this application has been
described in detail for purpose of illustration, it is
understood that such detail is solely for that purpose,
and variations can be made therein by those skilled in
the art without departing from the scope of the teaching
of this application.

The term "comprising" as used in the claims does not
exclude other elements or steps. The term "a" or "an" as
used in the claims does not exclude a plurality. The
single processor or other unit may fulfill the functions

of several means recited in the claims.

DK 177420 B1
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PATENTKRAV:

1. Brandstofventil (1) til injektion af brendstof i
forbrandingskammeret til en stor totaktsdieselmotor,

hvilken brendstofventil omfatter:
et brendstofventilhus (10),

en aflang dyse (30) med en aksial boring og en lukket

front,

en indlgbsabning (16) til brendstof under hejtryk for
tilslutning til en brendstofkilde under hejtryk (P),

en kanal, der forbinder indlgbsabningen (16) til

brendstof under hejtryk med dysen (30),

en fjedrende forspandt og aksialt bevagelig ventilnal
(20), der samvirker med et ventilsade (22) og er
konfigureret til at styre streommen af braendstof fra
indlebsabningen (16) til brendstof under hejtryk til
dysen (30), hvorved 1left af den aksialt bevaegelige
ventilnal (20) muligger stremning fra tilferselsabningen

til brendstof under hegjtryk til dysen (30),

et antal dysehuller (35), der er aksialt og radialt
fordelt over dysen (30),

en afskeringsaksel (40), der beveger sig i harmoni med

ventilnalen (20) og modtages aksialt forskydeligt i den
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centrale boring (33) i dysen (30) for 3abning og lukning
af dysens huller (35),

hvilket antal af dysehuller (35) er aksialt fordelt pad en
saddan made, at antallet af dysehuller, der er abne, @ges
med steorre legft af ventilnalen (20) og afskaringsakslen
(40), saledes at omfanget af 1legft af den aksialt
bevegelige ventilnal (20) bestemmer, hvor mange

dysehuller, der er abne, og dermed strgmningsomradet, og

en elektrohydraulisk, linezr aktuator (43, 26, 70, 120),
der er operativt forbundet med den aksialt bevagelige
ventilnal for at tilvejebringe 1left af den aksialt

bevegelige ventilnal,

den lineare aktuator styrer omfanget af 1lgft af den
aksialt bevagelige ventilndl (20) som reaktion pa et

styresignal,

den elektrohydrauliske aktuator (120) omfatter en
elektrisk drevet linear motor (85), der indvirker pa en
hydraulisk ventil (53, 57, 58, 59, 140), og den
hydrauliske ventil styrer ‘stregmmen til og fra en
dobbeltvirkende linexzr, hydraulisk aktuator (43, 46, 70,
122, 124, 126, 130), der er operativt forbundet med

ventilnalen (20).

2. Brandstofventil (1) ifelge krav 1, hvor den
elektrohydrauliske, lineare aktuator (43, 46, 70) mindst
delvis er integreret i den aksialt bevegelige ventilnal

(20) .

3. Brendstofventil (1) ifelge krav 2, hvor den

elektriske, linesre motor (85) er operativt koblet til en
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aktiveringsspole (53), der modtages 1 en aksial boring
(52) i et aktiveringsafsnit (43) af den aksialt
bevagelige ventilnal (20), og aktiveringsspolen (53)
udger en del af den hydrauliske ventil og er konfigureret
til at styre stremmen af brendstof til og fra den

hydrauliske, lineare aktuator.

4. Brendstofventil (1) ifelge krav 3, hvor huset til den
elektriske, linexzre motor (85)er stift forbundet med
brendstofventilhuset (10), og en udgangsaksel til den
elektriske, lineare motor er operativt forbundet med

aktiveringsspolen (53).

5. Brendstofventil (1) ifelge krav 4, der endvidere
omfatter et trykkammer {(46) i ventilhuset (10), der er
placeret over den aksialt bevaegelige ventilndl for at

tvinge den aksialt bevagelige ventilnal (20) i retning af

ventilsadet (22) under tryksatning, hvor
aktiveringsspolen (53) er konfigureret til enten at
forbinde trykkammeret med indlegbsabningen (16) til

brandstof under hejtryk eller til at forbinde
trykkammeret med udleb eller til at lukke for
trykkammeret, afhengigt af aktiveringsspolens position i

forhold til den aksialt bevagelige ventilnal.

0. Brandstofventil (1) ifelge krav 5, hvor
aktiveringsspolen (53) samarbejder med et antal abninger
i den aksialt bevagelige ventilnal (16), hvilke &bninger
forbinder indlebsdbningen (16) til Dbrendstof under

hgjtryk henholdsvis med aflebet og trykkammeret.

7. Brendstofventil (1) ifelge krav 6, hvor abningerne og

aktiveringsspolen er konfigureret saledes, at den aksialt
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bevaegelige ventilnal fglger den aksiale bevagelse af

aktiveringsspolen i1 forhold til ventilhuset (10).

8. Braendstofventil (1) ifelge krav 1, hvor den
hydrauliske ventil (53, 57, 58, 59, 140) er en

proportionel ventil.

9. Brzndstofventil (1) ifglge krav 3, hvor den
elektriske, linexre motor (85, 141) tilvejebringer et
signal for udgangsakslens ©position, eller hvor en
positionsfeler er koblet til udgangsakslen til den

linexre motor eller til aktiveringsspolen (53).

10. Brendstofventil (1) ifelge krav 1, hvor den lineazre
aktuator tilvejebringer et signal for udgangsakslens
position, eller hvor en positionsfegler er koblet til
udgangsakslen til den line&re aktuator eller til

aktiveringsspolen.

11. Braendstofventil (1) ifelge krav 1, hvor det indre af
afskaeringsakslen (40) er hult, og det hule 4indre er
forbundet med indlegbsdbningen (16) til brendstofventilen

(1), nar ventilndlen (20) lgftes fra sit sade (22).

12. Braendstofventil (1) ifelge krav 1, hvor
strgmningsomradet gennem dysens huller bestemmes ved

omfanget af ventilndlens lgft.

13. Brandstofventil (1) ifelge krav 1, der endvidere

omfatter:

et trykkammer (46) 1 ventilhuset (10), der er placeret

over den aksialt bevagelige ventilnal for at tvinge den
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aksialt bevagelige ventil pd& nal i retning af ventilsadet

under tryksaetning,

hvilken elektrisk, linear motor (85) operativt er koblet
til en aktiveringsspole (53), der modtages i en aksial
boring (52) i den aksialt bevagelige ventilnal (20), hvor
aktiveringsspolen (53) er konfigureret til enten at
forbinde trykkammeret (46) med indlegbsabningen (16) til
brendstof under hgjtryk eller til at forbinde
trykkammeret (46) med aflgb eller til at 1lukke for
trykkammeret (46), afhangigt af aktiveringsspolens (53)
position i forhold til den aksialt bevagelige ventilnal

(20) .
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