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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The application claims priority to U.S. Provi-
sional Application No. 60/655,301 filed February 22,
2005.

BACKGROUND OF THE INVENTION

[0002] This invention generally relates to a fuel injector
for an internal combustion engine. More particularly, this
invention relates to a fuel injector with an active closing
needle valve.
US 6 290 148 B1 discloses a nozzle needle of a fuel
injection valve is guided axially in a nozzle body, and it
points with its rear end face into a compression chamber
and is operatively connected to a damping body. The
recesses of the damping body, together with the damping
bore, form a fuel-filled damping chamber. Upon valve
opening, the fuel in the compression chamber is com-
pressed, and thus the valve opening is delayed. If the
nozzle needle exceeds the damping stroke, then the fuel
is depressurized by a communication with an outflow
chamber. The damping body is guided over at least part
of its length in the damping bore.
[0003] A fuel injection system includes a fuel rail that
communicates fuel to a plurality of fuel injectors. In some
applications the fuel injector does not include a control
piston and therefore does not have a steady leakage that
is advantageous for diesel engine applications. Without
a separate control piston, the fuel injector does not close
as quickly as desired. A needle valve within the fuel in-
jector closes by way of a biasing spring that closes once
fuel pressure drops below a determined pressure. Com-
mon fuel injectors include a throttle valve that supports
the closing process. The use of a throttle valve reduces
injection pressure. However, it is desirable to increase
fuel injection pressures to increase performance and fuel
efficiency.
[0004] Accordingly, it is desirable to develop and de-
sign a fuel injector that provides the desired opening and
closing time without reducing injection pressure.

SUMMARY OF THE INVENTION

[0005] An example fuel injector according to this in-
vention includes a needle valve having a metering land
that cooperates with a metering edge within the bore to
tailor opening and closing of the needle valve.
[0006] The fuel injector includes a body portion that
defines a bore that supplies fuel to an outlet. The outlet
is defined by a seat having a plurality of openings through
which fuel is injected. Fuel flow through the outlet is con-
trolled by a needle valve. The needle valve includes a
portion that seals on the seat defined by the outlet. The
needle valve is biased towards a closed position by a
biasing member such as a coil spring. Upon actuation of

the fuel injector a piezo-electric valve creates a pressure
differential across the needle valves such that the needle
valve opens. A metering land cooperates with a metering
bore to define a flow path and a desired pressure drop
that provides a counter-force to further tailor the opening
time of the needle valve.
[0007] Further, the metering land and metering bore
provide for a reduced closing time of the needle valve.
The flow path defined by the metering land and the me-
tering bore generate a pressure differential across the
metering land that generates a hydraulic bias toward
closing the needle valve. The bias provides for the re-
duction of needle valve closing time.
[0008] Accordingly, the fuel injector according to this
invention includes a needle valve having a metering land
that cooperates with the metering edge defined within
the bore of the fuel injector to control opening and closing
of the needle valve as desired.
[0009] These and other features of the present inven-
tion can be best understood from the following specifica-
tion and drawings, the following of which is a brief de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figure 1 is a cross-sectional view of a fuel known
injector.
Figure 2 is an enlarged cross-sectional view of a por-
tion of the known fuel injector in a closed position..
Figure 3 is an enlarged cross-sectional view of the
known fuel injector in an open position.
Figure 4 is a cross-sectional view of a fuel injector
according to this invention.
Figure 5 is an enlarged cross-sectional view of a por-
tion of an example fuel injector according to this in-
vention.
Figure 6 is an enlarged cross-sectional view of a por-
tion of the fuel injector in a closed position.
Figure 7 is an enlarged cross-sectional view of a por-
tion of the fuel injector in an opened position.
Figure 8 is a graph illustrating an example relation-
ship between fuel flow area and needle lift.
Figure 9 is a graph illustrating an example relation-
ship between flow area of the needle seat and needle
lift.
Figure 10 is a graph illustrating an example relation-
ship between Pressure and needle lift.
Figure 11 is a graph illustrating an example relation-
ship between closing force and needle lift.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0011] Referring to Figure 1, a known fuel injection as-
sembly 10 includes an electrical connection 11 for com-
municating with a vehicle controller (not shown). The fuel
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injector assembly 10 includes a body 14 that defines an
inlet 12 and outlet 48. The inlet 12 communicates fuel
through passages 18, 20, 22, 24 and 26 to a valve 40
and a metering bore 56.
[0012] The valve 40 includes a piezo-electric actuator
42 for controlling fuel flow to a needle valve 36. The valve
40 includes passages 41, 43, 45, and 47 that selectively
communicate fuel to the needle valve 36 responsive to
actuation of the piezo electric actuator 42.
[0013] Actuation of the piezo-electric actuator 42 se-
lectively communicates fuel through select ones of the
passages 41, 43, 45, 47 to generate a pressure differen-
tial across the needle valve 36. The generated pressure
differential across the needle valve 36 causes a desired
opening or closing of the needle valve 36. The needle
valve 36 is biased towards a closed position by a spring
46. The spring 46 is supported between a spring perch
44 on a first end and a housing insert 49 on a second
end. The needle valve 36 includes a control piston portion
38. The needle valve 36 cooperates with an outlet seat
34 to close off one of the plurality outlet openings 48.
[0014] The piezo-electric actuator 42 opens select
ones of the passages 41, 43, 45, 47 to generate a pres-
sure differential across the needle valve 36. The pressure
differential across the needle valve 36 causes a decrease
in pressure on an upper part of the control piston 38. This
decrease in pressure generates a pressure imbalance
against the spring 46 to open the needle valve 36. Open-
ing and closing is also governed by a flow path defined
between a metering land 50 and a metering edge 52.
[0015] Referring to Figures 2 and 3, additional forces
exerted on the needle valve 36 are controlled by the re-
lationship between metering land 50 and metering edge
52 defined adjacent the outlet opening 48. Needle valve
36 is disposed within the metering bore 56 and includes
the land 50. The land 50 includes an outer diameter that
cooperates with a metering edge 52 to define an annular
metering gap 54. The metering gap 54 defines a fuel flow
path that produces a defined pressure drop between a
metering bore 56 and an outlet bore 58. The pressure
drop provides a lower pressure within the outlet bore 58
as compared to the metering bore 56. The pressure dif-
ferential between the metering bore 56 and the outlet
bore creates a downward bias on the needle valve 36
that slows opening of the needle valve 36. The metering
land 50 overlaps the metering edge 52 by a distance 55
that combined with the gap 54 provides the desired fuel
flow and pressure drop between the metering bore 56
and the outlet bore 58.
[0016] Referring to Figure 3, the needle valve 36 is
shown in an open position. In this position there is no
overlap between the metering land 50 and the metering
edge 52. The gap 59 between the metering land 50 and
the metering bore 56 is such that no pressure drop is
created and provides for the free flow of fuel. As should
be appreciated, the forces generated by the pressure
drop created by the relationship between the metering
land 50 and the metering edge 52 are such that they

contribute to but do not override forces of the valve 40.
The metering land 50 and metering edge 52 contribute
to biasing forces already exerted and provided by the
pressure differential across the needle valve 56 to pro-
vide a fine tuning of response times for opening and clos-
ing of the fuel injector assembly 10.
[0017] During operation the piezo-electric actuator 42
actuates to create a pressure drop across the needle
valve 36. The pressure on the needle valve 36 is such
that the pressure above the needle valve 36 at the control
piston portion 38 is less than that below the needle valve
portion 36. This pressure differential acts against the bi-
asing spring 46 to move the needle valve 36 upward off
the seat 34. At the same time, fuel flow through the me-
tering gap 54 generates a pressure drop that provides a
force against the opening force to slow opening of the
needle valve 36 as is desired. The specific gap 54 and
overlap 55 between the metering land 50 and the meter-
ing edge 52 is determined to provide a desired pressure
drop that provides the desired opening time of the needle
valve 36.
[0018] Upon further opening of the needle valve 36,
the gap 59 between the metering land 50 and the walls
of the metering bore 56 is such that the fuel flowing
through the annular passage defined there between does
not create a pressure drop of any significance to cause
a reduction in desired fuel flow.
[0019] Upon de-actuation of the actuator 42, pressure
on the needle valve 36 between the control piston 38 and
the needle valve portion 36 will equalize. The equalized
pressure is then subject to the force exerted by the bias-
ing spring 46 and moves the needle valve portion 36
downward onto the seat 34. The downward movement
of the needle valve 36 is aided as the metering land 50
moves back into overlapping relationship with the meter-
ing edge 52. As the metering land 50 moves back into
overlapping relationship with the metering edge 52, a
pressure drop is created through the gap 54. The pres-
sure drop creates a localized relative higher pressure on
an upper side of the metering land 50 then is present on
a lower side of the metering land 50. The imbalance of
hydraulic pressure forces generated by the pressure dif-
ferential between the upper side and lower side of the
metering land 50 results in an added force for moving
the needle valve 36 toward the seat 34. The closing time
of the needle valve 36 can be tailored by adjusted the
size of the gap 54 and overlap 55 between the metering
land 50 and the metering edge 52.
[0020] Referring to Figure 4, a fuel injector assembly
80 according to this invention includes a housing 82 that
defines a first bore 84, a second bore 86 and a third bore
88. The bores, 84, 86, 88 communicate fuel to a metering
bore 108. The metering bore 108 contains a spring 102.
A needle valve 90 moves between an open position and
a closed position to selectively control fuel to flow through
outlets 118. The needle valve 90 seals on a seat 92 to
close fuel flow through the outlets 118. The needle valve
90 includes an upper portion 81 with a diameter 83 and
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a lower portion 87 with a diameter 85 that is larger than
the diameter 83.
[0021] A metering sleeve 94 is disposed around the
needle valve 90 to define the metering land 96 that co-
operates with metering edge 98 disposed within the me-
tering bore 108. The metering sleeve 94 is inserted onto
the needle valve 90 and positioned relative to the meter-
ing edge 98 by a spacer 112 to align the metering land
96 with the metering edge 98. The spacer 112 provides
for the adjustment of the overlap 116. Modifying the thick-
ness of the spacer 112 provides for the adjustment of the
overlap 116, and thereby the modification of flow char-
acteristics past the metering edge 98. Another spacer
100 is disposed above the sleeve 94 to support the spring
102 between the spacer 100 and an insert 104. The
spring 102 provides a biasing force towards the closed
position where the needle valve 90 is sealed against the
seat 92 to prevent fuel flow there through.
[0022] Referring to Figure 5, 6 and 7, the metering
sleeve 94 defines the metering land 96 that cooperates
with the metering edge 98 defined within the bore 108.
The metering sleeve 94 includes guides 95 that extend
radially into guiding contact with the inner surface of the
bore 108. Between each of the guides 95 is a slot 97.
The slot 97 defines an opening through which fuel flows
after moving past the metering gap 114 defined between
the metering land 96 and the metering edge 98. The
guides 95 annular orientate the metering sleeve 94.
[0023] Referring to Figure 6, the needle valve 90 is
shown in a closed position where fuel flows through the
metering gap 114 defined between the metering land 96
and the metering edge 98. The metering gap 114 is de-
fined with a desired overlap 116 to provide a desired pres-
sure drop as fuel passes there through. The desired pres-
sure drop provides for the added control and tailoring of
opening and closing response times of the needle valve
90.
[0024] Referring to Figure 7, the needle valve 90 is
shown in an open position where the needle valve 90
has moved upward a distance 117 such that there is no
overlap between the metering land 96 and the metering
edge 98. Fuel is free to flow through the slots 97 without
any defined pressure drop. With no pressure drop, the
pressure above and below the needle valve 90 is essen-
tially equal providing full desired fuel flow, without a down-
ward closing bias on the needle valve 90.
[0025] In operation, once the actuator 42 is actuated
and the pressure imbalance on the needle valve 90 cre-
ates imbalance forces that lift the needle valve 90 off of
the seat 92, the pressure differential across the metering
gap 114 generates an additional slowing force that slows
the opening response time of the needle valve 90. The
pressure differential generated across the metering gap
114 only slows but does not overcome the overall open-
ing bias, but allows for precise tailoring of opening and
closing response times of the needle valve 90.
[0026] Once the actuator 42 has been deactivated the
pressure on the needle valve 90 equalizes such that bi-

asing force provided by the spring 102 begins moving
the needle valve 92 to its closed position. Once the me-
tering land 96 once again overlaps the metering edge 98
to form the metering gap 114, a pressure differential
causes a quicker closing of the needle valve 90. The
increase in closing force is provided by the pressure im-
balance on the needle valve, with higher pressure across
a top of the needle valve 90 and lower pressure on the
bottom of the needle valve in the outlet bore 110. The
resulting pressure bias aids in the closing response time
of the needle valve 90.
[0027] Referring to Figure 8, a graph is shown that pro-
vides an example relationship 120 between the amount
of needle lift and the flow area of the land. As the flow
area increases, the lift of the needle increases until it
reaches a steady state. As is appreciated, the specific
flow area for a given application can be modified to pro-
vide the desired needle lift at a desired time.
[0028] Referring to Figure 9, another relationship 122
is shown between the flow area between the needle valve
seat and needle lift. This is a smoother transition and
provides an illustration of a relationship between the area
of the needle seat and flow area for fuel flow through the
needle opening dependent on the amount or the stroke
of the needle valve.
[0029] Referring to Figure 10, a relationship 124 be-
tween pressure and needle lift is illustrated. As is shown,
initially pressure will drop until such time as a needle or
the metering land opens sufficiently to allow pressure to
remove any pressure drop and allow maximum fuel flow
through the opening.
[0030] Referring to Figure 11, a relationship 126 be-
tween closing force and needle lift is illustrated. The clos-
ing force ramps up dramatically as the metering land is
still overlapping the metering edge. Once the metering
land no longer overlaps the metering edge, the closing
force drops off dramatically and becomes stable at a low
force.
[0031] Accordingly, needle valve for a fuel injector ac-
cording to this invention provides for the accurate and
tailored calibration of opening and closing response
times to improve engine performance and efficiency.

Claims

1. A fuel injector assembly (10, 80) comprising:

a housing (82) defining a bore including an inlet
(12) and an outlet (48);
a needle valve (36, 56, 90) movable between an
open position that provides for fuel flow through
the outlet (48), and a closed position preventing
fuel flow through the outlet (48),
the needle valve (36, 56, 90) including an upper
portion (81) and a lower portion (87), where the
upper portion (81) includes a diameter smaller
than the lower portion (87);
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a valve (40) for controlling movement of the nee-
dle valve (36, 56, 90) by selectively controlling
a pressure differential between the upper por-
tion (81) of the needle valve (36, 56, 90) and the
lower portion (87) of the needle valve (36, 56,
90);
a sleeve (94) disposed over the needle valve
(36, 56, 90) defining a metering land (50) selec-
tively overlapping a metering bore (56, 108) to
define a flow passage that creates a desired
pressure differential between an upper surface
of the metering land (50) and a lower surface
that generates a hydraulic bias on the needle
valve (36, 56, 90) toward the closed position
characterised in that
a spacer (112) is disposed below the metering
sleeve (94) for aligning the sleeve (94) with a
metering edge defined by the metering bore (56,
108).

2. The assembly (10, 80) as recited in claim 1, wherein
the sleeve (94) includes guides (95) that align the
sleeve (94) annularly within the metering bore (56,
108).

3. The assembly (10, 80) as recited in any one of the
preceding claims, including a biasing member (46,
102) that biases the needle valve (36, 56, 90) toward
the closed position.

4. The assembly (10, 80) as recited in any one of the
preceding claims, including a spacer (100) support-
ed on the sleeve (94) for supporting one end of the
biasing member (46, 102).

5. The assembly (10, 80) as recited in any one of the
preceding claims, wherein the valve (40) comprises
a piezoelectric valve.

Patentansprüche

1. Kraftstoffeinspritzventil-Baugruppe (10, 80), die Fol-
gendes umfasst:

ein eine Bohrung definierendes Gehäuse (82)
mit einem Einlass (12) und einem Auslass (48),
ein Nadelventil (36, 56, 90), das zwischen einer
geöffneten Position, die für einen Kraft-
stoffstrom durch den Auslass (48) sorgt, und ei-
ner geschlossenen Position, die den Kraft-
stoffstrom durch den Auslass (48) verhindert,
bewegt werden kann, wobei das Nadelventil
(36, 56, 90) einen oberen Abschnitt (81) und ei-
nen unteren Abschnitt (87) aufweist, wobei der
obere Abschnitt (81) einen Durchmesser auf-
weist, der kleiner ist als der untere Abschnitt
(87),

ein Ventil (40) zum Steuern der Bewegung des
Nadelventils (36, 56, 90) durch gezieltes Steu-
ern einer Druckdifferenz zwischen dem oberen
Abschnitt (81) und dem unteren Abschnitt (87)
des Nadelventils (36, 56, 90),
eine Manschette (94), die über dem Nadelventil
(36, 56, 90) angeordnet ist und einen Dosiersteg
(50) definiert, der eine Dosierbohrung (56, 108)
gezielt überlappt und einen Strömungskanal de-
finiert, der eine gewünschte Druckdifferenz zwi-
schen einer oberen Oberfläche des Dosierstegs
(50) und einer unteren Oberfläche erzeugt,
durch die an dem Nadelventil (36, 56, 90) eine
hydraulische Vorspannung hin zur geschlosse-
nen Position entsteht, dadurch gekennzeich-
net, dass sich unter der Dosiermanschette (94)
ein Abstandhalter (112) zum Ausrichten der
Manschette (94) an einem von der Dosierboh-
rung (56, 108) definierten Dosierrand befindet.

2. Baugruppe (10, 80) nach Anspruch 1, bei der die
Manschette (94) Führungen (95) aufweist, die die
Manschette (94) ringförmig in der Dosierbohrung
(56, 108) ausrichten.

3. Baugruppe (10, 80) nach einem der vorhergehenden
Ansprüche mit einem Vorspannelement (46, 102),
welches das Nadelventil (36, 56, 90) zur geschlos-
senen Position hin vorspannt.

4. Baugruppe (10, 80) nach einem der vorhergehenden
Ansprüche mit einem Abstandhalter (100), der auf
der Manschette (94) abgestützt wird und ein Ende
des Vorspannelements (46, 102) abstützt.

5. Baugruppe (10, 80) nach einem der vorhergehenden
Ansprüche, bei der das Ventil (40) ein piezoelektri-
sches Ventil umfasst.

Revendications

1. Assemblage ( 10, 80 ) formant injecteur de carburant
comportant :

un boîtier ( 82 ) définissant un alésage compor-
tant une entrée ( 12 ) et une sortie ( 48 ) ;
une vanne ( 36, 56, 90 ) pointeau mobile entre
une position ouverte qui permet à du carburant
de passer par l’ouverture ( 48 ) et une position
fermée qui empêche du carburant de passer par
l’ouverture ( 48 ), la vanne ( 36, 56, 90 ) poin-
teau comportant une partie ( 81 ) supérieure et
une partie ( 87 ) inférieure, la partie ( 81 ) supé-
rieure comprenant un diamètre plus petit que la
partie ( 87 ) inférieure ;
une vanne ( 40 ) destinée à commander le dé-
placement de la vanne ( 36, 56, 90 ) pointeau,
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en commandant de manière sélective un diffé-
rentiel de pression entre la partie ( 81 ) supé-
rieure de la vanne ( 36, 56, 90 ) pointeau et la
partie ( 87 ) inférieure de la vanne ( 36, 56, 90 )
pointeau ;
un manchon ( 94 ) disposé sur la vanne ( 36, 56,
90 ) pointeau définissant une zone ( 50 ) de do-
sage qui chevauche de manière sélective un
alésage ( 56, 108 ) de dosage pour définir un
passage d’écoulement qui crée un différentiel
de pression souhaité entre une surface supé-
rieure de la zone ( 50 ) de dosage et une surface
inférieure qui produit une sollicitation hydrauli-
que sur la vanne ( 36, 56, 90 ) pointeau en di-
rection de la position fermée, caractérisé en ce
que
une entretoise ( 112 ) est disposée en dessous
du manchon ( 94 ) de dosage pour aligner le
manchon ( 94 ) avec un bord de dosage défini
par l’alésage ( 56, 108 ) de dosage.

2. Assemblage ( 10, 80 ) suivant la revendication 1,
dans lequel le manchon ( 94 ) comporte des guides
( 95 ) qui alignent le manchon ( 94 ) de manière an-
nulaire à l’intérieur de l’alésage ( 56, 108 ) de dosa-
ge.

3. Assemblage ( 10, 80 ) suivant l’une quelconque des
revendications précédentes, comportant un élément
( 46, 102 ) de sollicitation, qui sollicite la vanne ( 36,
56, 90 ) pointeau en direction de la position fermée.

4. Assemblage ( 10, 80 ) suivant l’une quelconque des
revendications précédentes, comportant un entre-
toise ( 100 ) supportée sur le manchon ( 94 ) pour
supporter une extrémité de l’élément ( 46, 102 ) de
sollicitation.

5. Assemblage ( 10, 80 ) suivant l’une quelconque des
revendications précédentes, dans lequel la vanne
( 40 ) comporte une vanne piézoélectrique.

9 10 
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