EP 2 503 138 A1

Patent Office

e revers (11) EP 2 503 138 A1

(1 9) ’ o Hllm”‘ ‘llH H“‘ Hll‘ ‘l“l |‘|H Hll‘ |”H |H‘| |”H |H|‘ |”’| |H‘| Hll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.
26.09.2012 Bulletin 2012/39 F02M 47/02 (2006.01) FO2M 61/04 (2006.01)

FO2M 61/10 (2006.01) F02M 63/00 (2006.01)
(21) Application number: 11159584.9

(22) Date of filing: 24.03.2011

(84) Designated Contracting States: (72) Inventors:

ALATBEBGCHCY CZDEDKEEESFIFRGB ¢ Coppo, Marco

GRHRHUIEISITLILTLULV MC MK MT NL NO 10126 Torino (IT)

PL PT RO RS SE SI SK SM TR ¢ Negri, Claudio

Designated Extension States: 13100 Vercelli (IT)

BA ME

(74) Representative: Marchitelli, Mauro

(71) Applicant: OMT Officine Meccaniche Torino S.p.A. Via Maria Vittoria 18

10090 Cascine Vica - Rivoli TO (IT) 10123 Torino (IT)

(54) Electrically-controlled fuel injector for large diesel engines

(57)  An electrically controlled fuel injector for large
diesel engines, comprising:

- a body (22) having a delivery chamber (24) connected
to afuel supply line (26) and provided with a conical valve
seat (28);

- a needle (30) extending through said delivery chamber
(24) and having a conical sealing surface (32) cooperat-
ing with said valve seat (28), the needle (30) being mov-
able along a longitudinal axis (A) between a closed po-
sition wherein said conical sealing surface (32) abuts
against said conical valve seat (28) and an open position
wherein said conical sealing surface (32) is spaced apart
from said conical valve seat (28), wherein the hydraulic
pressure into said delivery chamber (24) generates afirst
hydraulic force pushing the needle (30) towards its open
position;

- a control chamber (44) connected to said fuel supply
line (26) through an inlet flow restrictor (48) and connect-
ed toadischarge line (50) through an outlet flow restrictor
(52), wherein the hydraulic pressure into said control
chamber (44) generates a second hydraulic force push-
ing the needle (30) towards its closed position;

- an electrically-operated control valve (54) for selectively
opening and closing hydraulic communication between
said control chamber (44) and a low pressure volume
(14);

wherein said inlet flow restrictor (48) includes a variable
choking section (60), movable between a choked position
corresponding to a fully closed position of the needle (30)
an un-choked position corresponding to an initial opening
of the needle (30).
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Description
Background of the invention

[0001] The presentinvention relates to an electrically-
controlled fuel injector for large diesel engines. The in-
vention relates in particular to a fuel injector for common-
rail injection systems for large two-stroke diesel engines,
such as diesel engines for marine propulsion.

[0002] A common-rail high-pressure injection system
comprises a pump, usually with a fixed displacement,
designed to pressurize the fuel in a high-pressure accu-
mulator (common-rail), which supplies the injectors. The
injectors are equipped with a valve seat and with aneedle
which can move in the injector body between a closed
position and an open position. The position of the needle
is determined by the intensity of two hydraulic forces,
which are generated by the action of pressurized fluid on
appropriate surfaces of influence.

[0003] The pressurized fuel in a delivery chamber up-
stream of the valve seat acts in the direction of raising
the needle from its seat and hence in the opening direc-
tion. An electrically-operated control valve modulates the
hydraulic pressure in a control chamber, which generates
a force acting in the direction of closing the injector. The
activation of the control valve causes a reduction of the
pressure in the control chamber to the point where the
force acting to open the injector seat prevails over the
force acting to close the injector seat, causing the needle
to rise from the valve seat and hence fuel injection.
[0004] The working principle of an electrically-control-
led injector envisages that the control chamber is con-
nected to the high-pressure line by means of an inlet flow
restrictor and to a discharge line by means of an outlet
flow restrictor.

[0005] The sizes of the inlet and outlet flow restrictors
must be chosen so that, when the control valve is opened,
the pressure in the control chamber can drop to values
low enough to make sure that the force in the closing
direction becomes smaller than the one in the opening
direction. Once this happens, the needle opens the in-
jector seat, thus enabling fuel passage to the chamber
downstream of the injector seat (the so-called sac), from
which fuel is injected in the combustion chamber through
the injection holes.

[0006] When the injector opens the sac is pressurised
to a considerable fraction of the available rail pressure,
thus incrementing the force that acts in the opening di-
rection, because now the surface of influence of the high
pressure fuel encompasses the full cross section area of
the needle.

[0007] Whentheinjector needs to be closed the control
valve position is reset, thereby disabling the connection
between the control chamber and the low pressure fuel
line. The control chamber pressure rises again but, for
the reasons explained above, it needs to reach a much
higher value than the one necessary to initiate the open-
ing phase before the needle starts moving again towards
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its seat.

[0008] The needle speed during the closing phase is
constrained by technical requirements, and the desired
value can be achieved with the right sizing of the inlet
flow restrictor in relation to the cross section area of the
needle in the control chamber.

[0009] It follows that the only parameter that can be
tuned to achieve the required depressurisation of the
control chamber to initiate injector opening is the size of
the outlet flow restrictor. The larger the difference be-
tween pressure influence areas in the opening and clos-
ing direction when the needle is closed, the larger the
outlet flow restrictor should be.

[0010] This implies that the size of the outlet flow re-
strictor increases as the needle seat diameter to control
chamber diameter ratio approaches unity.

[0011] A larger outlet flow restrictor poses more prob-
lems in terms of control valve design and injector effi-
ciency because in two-way poppet valves commonly
used in these applications the control chamber pressure
acts in the direction of opening the valve. A larger outlet
flow restrictor requires a larger poppet (otherwise the
passage through the valve becomes the mainrestriction),
and this leads to larger surfaces of influence of the control
chamber pressure. In the end, this increases the force
demands on the spring (to keep the valve closed in ab-
sence of the command signal) and on the actuator that
needs to overcome the spring force. This also implies
that larger components must be used, and this is not
always acceptable due to geometrical constraints on the
engine, and control valve speed requirements (for exam-
ple, larger and stronger solenoids are usually slower).
[0012] In addition, a larger outlet flow restrictor leads
to a higher flow rate discharged by the injector for per-
forming injection control. Clearly this is a cause of effi-
ciency loss, as the energy spent to pressurise this fuel
is wasted by expanding it through the control circuit.
[0013] These problems become even more serious in
large two-stroke diesel engines because the seat diam-
eter to control chamber diameter ratio is quite high, due
to the presence on the needle of a slide valve used to
reduce unburnt hydrocarbons (UHC) and particulate
emissions, which forces the seat diameter to be larger
than the slide valve diameter. This leads to the choice of
a larger outlet flow restrictor, which involves larger dis-
charged flow rates.

[0014] These issues make it difficult to apply the prov-
en common rail technology to injectors for large two-
stroke engines.

Summary of the invention

[0015] The object of the present invention is to provide
a solution to the problems described above.

[0016] In accordance with the present invention, this
object is achieved by a fuel injector having the features
of claim 1.

[0017] The present invention allows to optimise the
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performance of electronic injectors for large diesel en-
gines. In particular, the invention allows to minimise the
control flow rate that the electronic control valve needs
to discharge to keep the injector open during the injection

cycle.
[0018] The reduction in control flow brings two main
advantages:

(i) it is possible to use smaller and faster electronic
actuators (solenoids or piezoelectric stacks), which
can be incorporated in the injector body, and

(ii) the injector efficiency increases; this leads to an
increase in the overall engine efficiency as the aux-
iliary power demand decreases.

Brief description of the drawings

[0019] Further characteristics and advantages of the
present invention will become clear in the course of the
detailed description which follows, given purely by way
of non-limiting example, with reference to the annexed
drawings, wherein:

- figure 1 is a schematic diagram showing the operat-
ing principle of an injector according to the present
invention,

- figure 2 is an axial cross-section of a first embodi-
ment of an injector according to the present inven-
tion,

- figure 3 is an enlarged view of the part indicated by
the arrow lll in figure 1,

- figure 4 is an axial cross-section of a second embod-
iment of an injector according to the present inven-
tion,

- figure 5 is an enlarged view of the part indicated by
the arrow V in figure 4, and

- figure 6 is an enlarged view of the part indicated by
the arrow VI in figure 5.

Description of the embodiments of the invention

[0020] Referring to figure 1, an injection system for a
diesel engine is indicated by the reference number 10.
The injection system comprises a feed pump 12 which
intakes fuel from a low pressure fuel tank 14 and delivers
pressurized fuel to a high-pressure common rail 16. The
common rail 16 is connected to a plurality of high-pres-
sure pipes 18 (only one of which is shown in figure 1),
each of which is connected to a respective injector 20.
[0021] The injector 20 comprises a body 22 having a
delivery chamber 24 connected to the high-pressure pipe
18 through a fuel supply line 26. The delivery chamber
24 is provided with a conical valve seat 28.

[0022] The injector 20 comprises a needle 30 extend-
ing through the delivery chamber 24 and having a conical
sealing surface 32 cooperating with the valve seat 28.
The needle 30 is movable along a longitudinal axis A
between a closed position and an open position. In the
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closed position the sealing surface 32 abuts against the
valve seat 28 and in the open position the sealing surface
32 is spaced apart from the valve seat 28. A spring 34
pushes the injector needle 30 towards the closed posi-
tion. The hydraulic pressure of the fuel contained in the
delivery chamber 24 generates a first hydraulic force
pushing the injector needle 30 towards its open position.
[0023] The body 22 comprises an atomizer 36 having
a longitudinal bore or sac 38 in fluid communication with
the delivery chamber 24 through the valve seat 28. The
atomizer has one or more injection holes 40. The needle
30 has a slide valve 42 which extends into the sac 38.
[0024] Theinjector 20 has a control chamber 44 sealed
from the delivery chamber 24. The control chamber 44
is connected to the fuel supply line 26 through an inlet
line 46 including an inlet flow restrictor 48. The control
chamber 44 is also connected to a discharge line 50 in-
cluding an outlet flow restrictor 52. The hydraulic pres-
sure into the control chamber 44 generates a second
hydraulic force pushing the injector needle 30 towards
its closed position.

[0025] An electrically-operated two-way control valve
54 selectively opens and closes hydraulic communica-
tion between the control chamber 44 and a low pressure
volume, for instance formed by the tank reservoir 14. The
control valve 54 is controlled by an electric actuator 56,
which receives control signals by an electronic control
unit 58.

[0026] When the control valve 54 is closed, the pres-
sure in the control chamber 44 and in the delivery cham-
ber 24 is equal to the rail pressure. Given that the surface
of influence of the pressure in the control chamber 44 is
larger than the one in the delivery chamber 24, the force
pushingthe needle 30 towards its closed position is great-
er than the force pushing the needle 30 towards its open
position. When the control valve 54 is open, the pressure
in the control chamber 44 is reduced and the force push-
ing the needle 30 towards its open position becomes
greater than the force pushing the needle 30 towards its
closed position. Hence, the needle 30 moves away from
the valve seat 28, the pressurized fuel contained in the
delivery chamber 24 is admitted into the sac 38 of the
atomizer 36 and it is injected through the injection holes
40 once the needle has been lifted enough for the slide
valve to uncover them.

[0027] In order to initiate the opening of the needle 30
itis necessary toreduce the pressure in the control cham-
ber 44 to a value that is considerably lower than the one
which is sufficient to keep the needle 30 in the open po-
sition after the needle 30 has lifted enough to pressurise
the sac 38.

[0028] In accordance with the prior art, this would re-
quire a large outlet flow restrictor 52. However, a large
size of the outlet flow restrictor 52 is actually required
only during a tiny fraction of the injection phase. As a
matter of fact, as soon as the needle 30 lifts enough to
pressurise the sac 38, the force pushing the needle 30
towards its open position increases greatly and the pres-
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sure in the control chamber 44 can be kept at a higher
level.

[0029] On the basis of these considerations, the
presentinvention provides a design in which the inlet flow
restrictor 48 includes a variable choking section, movable
between a choked position corresponding to a fully
closed position of the injection needle 30 an un-choked
position corresponding to a position of initial opening of
the needle 30. Therefore, the inlet flow restrictor 48 is
considerably choked when the needle 30 abuts against
the valve seat 28. The choking is then reduced and even-
tually eliminated in the first stage of the needle stroke.
[0030] In figure 1 the arrow 60 schematically repre-
sents the variable choking section of the inlet flow restric-
tor 48 and the dotted line 62 represents the fact that the
variable choking section 60 is controlled by the move-
ment of the needle 30.

[0031] In preferred embodiments of the invention the
inlet flow restrictor 48 comprises at least one orifice mov-
able with the needle 30 and the variable choking section
60 comprises a gap formed between a first surface mov-
able with the needle 30 and a second surface fixed with
respect to the body 22.

[0032] In the solution according to the invention a
smaller outlet flow restrictor 52 is enough to bring the
pressure in the control chamber 52 to a level sufficient
to trigger the injector opening. Ideally, if the inlet flow
restrictor 48 were completely choked, any size of the out-
let flow restrictor 52 would be sufficient to completely
discharge the control chamber 44 (it would only be a mat-
ter of time). Then, when the needle 30 lifts and the open-
ing force increases due to sac pressurisation, the inlet
flow restrictor 48 opens fully and the pressure of the con-
trol chamber 44 stabilises at a value closer to the level
at which the closing phase would begin.

[0033] Inaddition to solving the problem of a large fuel
flow rate discharged through alarge outlet flow restrictor,
the solution according to the present invention has the
additional benefit of reducing the injector switching time,
because the pressure level in the control chamber 44
during the injection is kept close to the level necessary
to trigger injector closure, which is important in multi-shot
and ultra low load operation.

[0034] A first embodiment of the present invention is
shown in Figure 2.

[0035] Inthe example represented in figure 2 the body
22 comprises a locking nut 64, a lower body portion 66,
an intermediate body portion 68 and an upper body por-
tion 70. The body portions 66 and 68 are fixed to the
upper body portion 70 by means of the locking nut 64.
The atomizer 36 is fixed to the lower body portion 66 by
means of a threaded bush 72.

[0036] In the following description and in the claims
the reference to "lower", "upper”, "above", "below" and
the like refer to the position of the injector shown in the
drawings and generally corresponding to the position of
use. It is however understood that the injector can be
mounted in any position and that the reference to spatial
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positions is not intended to limit the scope of the inven-
tion.

[0037] An upper portion of the needle 30 is slidably
guided into a bushing 74 carried by the lower body portion
66. The spring 34 is housed into the delivery chamber
24 and is compressed between the bushing 74 and a
radial shoulder of the needle 30.

[0038] The control chamber 44 is contoured by a top
front surface of the needle 30, a cylindrical wall portion
of the bushing 74 and a front surface of the intermediate
portion 68. The outlet flow restrictor is formed by an orifice
52 formed in the intermediate body portion.

[0039] The control valve 54 comprises an axially mov-
able stem 76 which is slidable into a guide bore 78 of the
intermediate body portion 68. In this exemplary embod-
iment the electric actuator 56 includes a magnetic core
80 and a coil 82.

[0040] The inlet flow restrictor 48 comprises one or
more orifices 84 formed in the area of the needle 30 bear-
ing the conical sealing surface 32. The or each orifice 84
has aradially inner end communicating with an elongated
bore 86 formed into the needle 30. The upper end of the
elongated bore 86 opens into the control chamber 44.
[0041] As better shown in the enlarged detail of figure
3, the radially outer end of the or each orifice 84 is open
on the conical sealing surface 32 of the needle 30, im-
mediately above the area where the sealing surface 32
abuts the valve seat 28.

[0042] The variable choking section 60 is formed by a
gap 88 formed between the sealing surface 32 of the
needle 30 and the valve seat 28. The size of the gap 88
is minimum when the needle 30 is closed and increases
as the needle moves away from the valve seat 28. Ac-
cordingly, the or each orifice 84 is choked when the nee-
dle is closed and becomes un-choked after an initial
opening of the needle 30.

[0043] The elongated bore that connects the inlet flow
restrictor 48 to the control chamber 44 plays an active
role in ensuring the proper functionality of the invention
by delaying the response of the inlet flow restrictor 48 to
a drop of pressure in the control chamber 44 by the time
it takes for the depression wavefront to travel from the
control chamber 44 to the inlet flow restrictor 48 outlet
and back. This allows enough time for pressurisation of
the sac 38, thereby managing to open the needle 30 with
the smallest possible size of the outlet flow restrictor 52.
[0044] A remarkable advantage of this solution is that
its cost of implementation is negligible as it uses a seat
that is already present in the injector.

[0045] Compared to a traditional configuration, an in-
jector using the present invention can operate with up to
60% less control flow rate which, in terms of overall en-
gine efficiency, is equivalent to a 0.26% increase.
[0046] The main benefit to be gained by such optimi-
sation is the reduction of the forces needed to seal and
operate the control valve 44, which allows to use fast and
compact actuators that can be integrated in the injector
body. This is essential for obtaining an injector that can
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operate with the fast switching times required in multi-
shot mode.

[0047] A second embodiment of the present invention
is shown in figure 4. The elements corresponding to the
ones previously disclosed are indicated by the same ref-
erence numbers.

[0048] The solution shown in figure 4 is a more con-
ventional common rail injector arrangement in which a
separate control piston 90 is used to keep the needle 30
closed. The lower end of the control piston 90 abuts
against the upper end of the needle 30. The control piston
90 moves axially together with the needle 30. The body
22 comprises a sleeve 92 set between the lower body
portion 66 and the intermediate body portion 68. The
spring 34 is set in a low pressure chamber formed be-
tween the sleeve 92 and the control piston 90.

[0049] The control chamber 44 is contoured by a top
front surface of the control piston 90, a cylindrical wall
portion of the sleeve 92 and a front surface of the inter-
mediate portion 68. The outlet flow restrictor is formed
by an orifice 52 formed in the intermediate body portion
68. The control valve 54 remains unchanged with respect
to the first embodiment.

[0050] As better showninfigure 5, the inlet flow restric-
tor 48 comprises a first annular groove 94 formed on a
cylindrical inner surface 96 of the sleeve 92 and a second
annular groove 98 formed on a cylindrical outer surface
100 of the control piston 90. The first annular groove 94
is connected to the fuel supply line 26 by a first orifice
102 formed in the sleeve 92. The second annular groove
98 is connected to the control chamber 44 by means of
second and third orifices 104 and 106 formed in the con-
trol piston 90.

[0051] When the needle 30 is closed the first and sec-
ond annular grooves 94, 98 are offset from each other,
as shown in figure 5. When the control piston 90 moves
upwardly the first and second annular grooves 94, 98 are
at least partially overlapped.

[0052] Asbetter showninfigure 6, the variable choking
section 60 is formed by an annular gap 108 formed be-
tween the cylindrical inner surface 96 of the sleeve 92
and the cylindrical outer surface 100 of the control piston
90. When the needle 30 is closed the control chamber
44 communicates with the fuel supply line 26 through two
paths: one including the annular gap 108, the firstannular
groove 94 and the first orifice 102, the other including the
third and second orifices 106 and 104, the second annu-
lar groove 98, the annular gap 108, the first annular
groove 94 and the first orifice 102.

[0053] The annular gap 108 chokes the inlet flow re-
strictor 48 in the closed position of the needle 30. During
the initial opening of the needle 30 the choking of the
inlet flow restrictor is eliminated as the first and second
annular grooves 94, 98 overlap.

[0054] The size of the annular gap 108 and the length
of overlap between the first and second annular grooves
94, 98 are conveniently chosen to allow the pressurisa-
tion of the sac 38 before a significant flow rate through
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the inlet flow restrictor 48 is established.

[0055] The second embodimentis simplerin construc-
tion and offers the additional flexibility of choosing differ-
ent diameters for needle 30 and control chamber 44.
Compared to the first embodiment, the second embodi-
ment has the disadvantage that high pressure fuel leak-
ages occur when the injector is closed, due to the fuel
flow within the clearances between needle, control piston
and their respective sleeves, that ends up in the spring
chamber and, from there, it is discharged to tank.

Claims

1. An electrically controlled fuel injector for large diesel
engines, comprising:

- a body (22) having a delivery chamber (24)
connected to afuel supply line (26) and provided
with a conical valve seat (28);

- a needle (30) extending through said delivery
chamber (24) and having a conical sealing sur-
face (32) cooperating with said valve seat (28),
the needle (30) being movable along a longitu-
dinal axis (A) between a closed position wherein
said conical sealing surface (32) abuts against
said conical valve seat (28) and an open position
wherein said conical sealing surface (32) is
spaced apart from said conical valve seat (28),
wherein the hydraulic pressure into said delivery
chamber (24) generates a first hydraulic force
pushing the needle (30) towards its open posi-
tion;

- a control chamber (44) connected to said fuel
supply line (26) through an inlet flow restrictor
(48) and connected to a discharge line (50)
through an outlet flow restrictor (52), wherein
the hydraulic pressure into said control chamber
(44) generates a second hydraulic force pushing
the needle (30) towards its closed position;

- an electrically-operated control valve (54) for
selectively opening and closing hydraulic com-
munication between said control chamber (44)
and a low pressure volume (14) through the dis-
charge line 50;

characterized in that said inlet flow restrictor
(48) includes a variable choking section (60),
movable between a choked position corre-
sponding to a fully closed position of the needle
(30) an un-choked position corresponding to an
initial opening of the needle (30).

2. A fuel injector according to claim 1, characterized
in that said inlet flow restrictor (48) comprises at
least one orifice (84; 104, 106) movable with the nee-
dle (30) and that said variable choking section (60)
comprises a gap (88; 108) formed between a surface
(32; 100) movable with the needle (30) and a surface
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(28; 96) fixed with respect to the body (22).

A fuel injector according to claim 2, characterized
in that said inlet flow restrictor (48) comprises at
least one orifice (84) formed in an area of the needle
(30) bearing said conical sealing surface (32).

A fuel injector according to claim 3, characterized
in that said orifice (84) has a radially inner end com-
municating with an elongated bore (86) formed into
the needle (30), the elongated bore (86) having an
upper end open into said control chamber (44).

A fuel injector according to claim 3, characterized
in that said orifice (84) has a radially outer end open
onthe conical sealing surface (32) of the needle (30),
immediately above the area where the sealing sur-
face (32) abuts the valve seat (28).

A fuelinjector according to any of claims 2 to 5, char-
acterized in that said variable choking section (60)
is formed by a gap (88) formed between the conical
sealing surface (32) of the needle (30) and the con-
ical valve seat (28).

A fuel injector according to claim 2, characterized
in that a control piston (90) is slidably guided into a
sleeve (92) and is movable with the needle (30), the
control piston (90) being set between the control
chamber (44) and the needle (30).

A fuel injector according to claim 7, characterized
in that the inlet flow restrictor (48) comprises a first
annular groove (94) formed on a cylindrical inner sur-
face (96) of said sleeve (92) and a second annular
groove (98) formed on a cylindrical outer surface
(100) of the control piston (90).

A fuel injector according to claim 8, characterized
in that the first annular groove (94) is connected to
the fuel supply line (26) by a first orifice (102) formed
in the sleeve (92) and the second annular groove
(98) is connected to the control chamber (44) by
means of second and third orifices (104, 106) formed
in the control piston (90).

A fuel injector according to claim 9, characterized
in that in the closed position of the needle (30) the
first and second annular grooves (94, 98) are offset
from each other, and in a position of initial opening
of the needle (30) the first and second annular
grooves (94, 98) are at least partially overlapped.

A fuel injector according to any of claims 8 to 10,
characterized in that the variable choking section
(60) is formed by an annular gap (108) formed be-
tween the cylindrical inner surface (96) of the sleeve
(92) and the cylindrical outer surface (100) of the
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control piston (90).
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