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FIG 3

(57) Abstract: A fuel injector for injecting fuel into a com-
bustion engine comprises a valve with a movable needle for
opening or closing the valve, an actuator for moving the
needle into an open position and two springs mounted in
parallel to move the needle into a closed position, whetrein
there is a play between the second spring and the needle
when the needle is in the closed position.
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Description

Fuel Injector

Present invention concerns a fuel injector. Specifically, it
concerns a fuel injector for use with a combustion engine in

a motor wvehicle.

A fuel injector for injecting fuel into a combustion engine
comprises a valve that can be opened by means of an electri-
cally driven actuator against the force of a spring. Differ-
ent constructions are known in the art, comprising electro-
magnetic or piezo actuators, digital or servo models and ac-

tuators for different fuel types such as gasoline or diesel.

US 2006/0255185 Al a fuel injector with electromagnetic ac-
tuator in which the valve comprises a needle and the valve
opens when the needle is moved in a direction of a nozzle of

the injector.

EP 2011995 A2 relates to a common-rail injector with an out-
ward opening valve element and a servo valve. The servo valve
reduces the fuel pressure in a control volume for opening the

valve element.

DE 4340874 Al 1995A discloses a fuel injection nozzle for
preinjection and main injection which has a nozzle holder in
which two closing springs are arranged coaxially, one spring
acts continuously on the valve needle via a central pressure
bolt and the other spring acts on the valve needle, via a
pressure ring surrounding the pressure bolt, once the wvalve
needle has passed through a pretravel. In order to prevent
the connection between the low pressure space at the valve
needle and the pressure-relieved spring chamber being inter-
rupted in the pretravel position when an intermediate pres-
sure disk - being arranged between the valve needle and the

pressure bolt and the pressure ring - comes into axial con-
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tact with the pressure ring which is supported on the shoul-
der of the intermediate disk, bridging channels are arranged

at least in the intermediate pressure disk.

An injector is usually designed to work with fuel in a cer-
tain range of pressure only. Should there be a defect in the
fuel system so that the pressure of the fuel that arrives at
the injector is lower, the injector may exhibit reduced per-
formance. In some cases, it may be hard to operate the com-
bustion engine properly if fuel pressure falls lower than a
predetermined threshold. However, it is desirable to operate
the combustion engine even if fuel pressure is low so that a
"limp home" functionality can be implemented which may allow
a driver to move the motor vehicle to a service location in

case of a problem in the fuel pressurisation system.

It is therefore an objective of present invention to provide
a fuel injector that shows good performance under both normal

and reduced fuel pressure conditions.

The invention solves the given objective through a fuel in-
jector with the features of the independent claim. Dependent

claims give advantageous embodiments.

According to the invention, a fuel injector for injecting
fuel into a combustion engine comprises a valve with a mov-
able needle for opening and closing the valve, an actuator
for moving the needle into an open position and two springs
mounted in parallel to move the needle into a closed posi-
tion, wherein there is a play between the second spring and

the needle when the needle is in the closed position.

That there is a play between the second spring and the needle
when the needle is in the closed position means in particular
that the needle has a spring seat and the second spring has

an end face which comes in mechanical contact with the spring

seat when the valve needle is displaced away from the closed



10

15

20

25

30

35

WO 2015/049210 PCT/EP2014/070828

position towards the open position and which is spaced apart
from the spring seat when the needle is in the closed posi-

tion.

In particular, the first spring, and only the first spring,
is preloaded when the needle is in the closed position to re-
tain the needle in the closed position while the actuator is
de-energized. The second spring may expediently be unstressed

while the needle is in the closed position.

When the actuator is operated, it initially moves the needle
against the force of the first spring and further along the
travel of the needle against the force of both springs. This
allows achieving a sufficient opening of the valve under both
standard operating conditions and reduced fuel pressure. This
way, a sufficient throughput of fuel through the injector can

be ensured.

Preferably, the second spring is stiffer than the first
spring. This allows reducing the force necessary to open the
valve to a small value as long as only the first spring en-
gages with the needle and increase the operating force
steplike when the second spring also engages. Through this,
safe operation under both reduced and normal fuel pressures

may be achieved.

In a preferred embodiment, there is also a needle stopper to
confine needle movement to a predetermined travel position in
which both springs are engaged. Depending on the design of
the injector, the fuel pressure may take influence on the
distance the needle is travelled. The needle stopper may make
sure that the valve is not opened excessively, even when fuel

pressure is high.

In one embodiment, the needle stopper is integrated with the
second spring. To this ends, the second spring may be config-

ured such that it will not compress more than a certain
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travel. Different types of spring may be used to accomplish

the integrated needle stopping functionality.

In another embodiment, the needle stopper is integrated in a
valve body of the fuel injector. For example, the needle is
received in a cavity of the valve body. The needle and the
valve body may be shaped such that the needle comes into en-
gagement with the needle stopper when it reaches the prede-
termined travel position and the needle stopper blocks fur-
ther displacement of the needle with respect to the valve

body away from the closed position.

In one embodiment, the first spring comprises a helical
spring. The helical spring may implement soft spring charac-
teristics so that operation force does not vary much over the
travel of the needle. This is especially helpful when the

first spring is softer than the second spring.

The second spring may also comprise a helical spring. How-
ever, in a preferred embodiment the second spring comprises a
cylindrical body with radial recesses. In particular the cy-
lindrical body is a cylinder shell wherein the cylinder shell
is perforated by the radial recesses. In this, the second
spring may have a high stiffness and it may also implement

the above mentioned needle stopper functionality.

It is furthermore preferred that the needle and the springs
are mounted coaxially. This may help save installation space

so that the injector may be compact or slender.

It is furthermore preferred that the needle is configured to
open the valve when the needle is moved towards a nozzle end
of the injector. This configuration of an injector is also
known as outward opening configuration. The outward opening
injector may help to operate the two different springs in ac-

cordance with different fuel pressures.
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It is furthermore preferred that the actuator comprises a so-
lenoid. The solenoid may be advantageous over a piezo type

actuator in that it provides a larger travel of the needle.

It is also preferred that the valve is of the servo type.

In one embodiment, the needle is received in a fuel reservoir
of a valve body of the fuel injector. The actuator is pref-
erably operable supply pressurized fuel to the fuel reservoir
so that the fuel pressure forces the needle away from the
closed position against the spring force of the first spring
or the first and second springs, respectively. The actuator
preferably comprises a second valve for supplying pressurized

fuel to the fuel reservoir.

The invention will now be described in more detail with ref-

erence to the enclosed drawings, in which:

Fig. 1 shows an injector for injecting fuel into a com-

bustion engine;

Fig. 2 shows a detail of the injector of Fig. 1;

Fig. 3 shows a detail of the injector of Figs. 1 and 2;

Fig. 4 shows the second spring of the injector of Figs.
1 to 3;

Fig. 5 shows a different embodiment of the injector of
Fig. 1;

Fig. 6 shows a detail of the injector of Fig. 5, and

Fig. 7 shows a detail of the injector of Figs. 5 and 6.

Fig. 1 shows an injector 100 for injecting fuel into a com-
bustion engine. The injector 100 comprises an actuator 105,
and a valve 110 for allowing or stopping a flow of fuel out
of a nozzle 115 and into the combustion engine. The valve 110
comprises a valve body 140 and a needle 120 that can be moved
between an open position and a closed position. The nozzle is
in particular formed by a downstream end of the valve body
140 together with a downstream end of the needle 120.



10

15

20

25

30

35

WO 2015/049210 PCT/EP2014/070828

It is preferred that the injector 100 is of the servo type
and that the needle 120 may also be actuated into other posi-
tions between the open and the closed position. It is fur-
thermore preferred that injector 100 and valve 110, respec-
tively, are of the outward opening type where the needle is
in the closed position when its upstream end is furthest away
from nozzle 115 and the needle 120 must be moved towards the
nozzle 115 for opening the valve 110. In other words, the
needle 120 is displaceable in flow direction for opening the
valve 110.

The actuator 105 is configured to move the needle 120 towards
the open position against the force of a first spring 130 and
a second spring 135 which are mounted in parallel, wherein

each spring 130, 135 drives the needle 120 towards the closed

position.

The springs 130, 135 are supported by the wvalve body 140. In
other words, the valve body 140 comprises a spring seat for

each of the first and second springs 130, 135.

In the present embodiment, the needle 120 is received in a
fuel reservoir 141 of a valve body 140 of the fuel injector
100. The first and second springs 130, 135 are also posi-
tioned in the fuel reservoir 141. In particular, the first
and second springs overlap completely with the needle 120 in
axial direction. In particular, the needle 120 projects be-

yond both springs 130, 135 on both axial ends.

The actuator 105 comprises a second valve 150 for supplying
pressurized fuel to the fuel reservoir 141. The pressurized
fuel in the fuel reservoir 141 forces the needle 120 away
from the closed position against the spring force of the
first spring 130 or the first and second springs 130, 135,

respectively for opening the wvalve.
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Fig. 2 shows a detail of the injector 100 of Fig. 1 magnified
from the picture in Fig. 1. In this representation it can be
seen that the needle 120 and both springs 130, 135 are pref-
erably mounted coaxially with respect to the longitudinal
axis 125. Even more specifically, the first spring 130 lies
between the needle 120 and the second spring 135 in a radial
direction. In the preferred embodiment shown in Fig. 2 the
first spring 130 is of the helical type while the second
spring 135 has a shape that is discussed below in more detail
with respect to Fig. 4. A needle stopper 145 may be present
to limit the movement of the needle 120 towards the open po-

sition.

Fig. 3 shows a detail of the injector 100 of Figs. 1 and 2.

Displayed is a portion of valve 110 in which the springs 130
and 135 lie. Fig. 3 is a further magnification of a portion

of Fig. 2.

While the first spring 130 engages axially with the wvalve
body 140 and the needle 120 independent of the position of
the needle 120, the second spring 135 is configured to leave
a play 305 towards the needle 120 when the needle 120 is in
the closed position. That is, the second spring 135 does not
engage with the needle 120 and does not exert a force between
the valve body 140 and the needle 120 when the needle 120 is

in the closed position.

Specifically, the needle comprises a seat element 121 which
laterally overlaps the first and second springs 130, 135 to
provide spring seats for the first and second spring 130,
135, respectively. In the present embodiment, the seat ele-
ment 121 is fixed to a shaft of the needle 120 which extends
axially through the first and second springs 130, 135. When
the needle is in the closed position, there is an axial gap -
i.e. the play 305 - between the second spring 135 and the

seat element 121. The seat element 121 is in particular posi-
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tioned upstream of the spring seats of the valve body 140 for

the first and second springs 130, 135.

The needle is preferably in the closed position when the ac-
tuator 105 is not energized. By energizing the actuator 105,
pressurized fuel is supplied to the fuel reservoir 141 via
the second valve 150 so that the needle 120 is driven from
the closed position towards the open position by the fuel
pressure of the pressurized fuel in the fuel reservoir 141.
Firstly, as long as the length of the axial gap 305 is non-
zero, only the first spring 130 works against the fuel pres-
sure. After the needle 120 has moved far enough to close the
axial gap 305 between the seat element 121 and the second
spring 135, it may be moved even further along a length 310
on which both the first spring 130 and the second spring 135
engage between the body 140 and the needle 120 - i.e. both
the first spring 130 and the second spring 135 abut the seat
element 121 - and together work against said opening force

effected by the fuel pressure in the fuel reservoir 141.

It is preferred that the first spring 130 has softer spring
characteristics than the second spring 135. The first spring
130 may be of the helical type. The first spring 130 may be

preloaded when the needle 120 is in the closed position.

Fig. 4 shows the second spring 135 of the injector 100 of
Figs. 1 to 3 in one embodiment. In the given embodiment the
second spring 135 comprises a cylindrical body 405 with ra-
dial recesses 410. In particular, the cylindrical body 405 is
a cylinder shell with a central axial cavity through which
the needle 120 extends and in which preferably the first
spring 130 is received. The recesses 410 are distributed on
circumferences of the body 405 and each recess 410 extends
along a portion of said circumference. In the given example,
each recess 410 has the shape of two adjacent circular holes
that are connected with a slot. The circumferences with the

recesses 410 which perforate the cylinder shell of the cylin-
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drical body 405 are stacked in a direction along the longitu-
dinal axis 125. The recesses 410 may be distributed such that
a helical pattern emerges. In different embodiments, the re-

cesses 410 may follow a different layout over the cylindrical
body 405.

The second spring 135 is preferably configured to restrict
the travel of the needle 120 towards the open position to a
certain amount. In this, the second spring 135 also acts as a

needle stopper 145.

Fig. 5 shows a fuel injector 100 according to a different em-

bodiment.

The fuel injector 100 corresponds in general to the injector
100 of Fig. 1. In the present embodiment, however, the second
spring 135 is in the shape of a helical spring, rather than
as the cylindrical body 405 of Fig. 4.

Fig. 6 shows a detail of the injector 100 of Fig. 5 similar
to the display of Fig. 2. The first spring 130 is again dis-
posed between the second spring 135 and the needle 120 in a

radial direction with respect to longitudinal axis 125.

Fig. 7 shows a detail of the injector 100 of Figs. 5 and 6 in
a view similar to that of Fig. 3. When the needle 120 is in
the closed position, the axial gap 305 between the second
spring 135 and seat element 121 of the needle 120 is estab-
lished. To prevent the needle 120 from being moved towards
the nozzle end of injector 100 excessively, a needle stopper
145. The needle stopper 145 is represented by an upstream
surface of a stop collar 705, which upstream surface faces
towards the seat element 121 and may have a surface normal
parallel to the longitudinal axis 125. The stop collar 705,
for example, forms a step in a circumferential side wall of
the fuel reservoir 141. The stop collar 705 is comprised by
the valve body 104 fixed to the valve body 140 and configured
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such that the needle 120 - in particular the seat element 121
or another element attached to the shaft of the needle 120 -
will run up against the stop collar 705 in the direction of
the longitudinal axis 125 when the needle 120 is moved from

the closed position towards the open position.
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Claims
1. Fuel injector (100) for injecting fuel into a combustion

engine, the injector (100) comprising:

- a valve (110) with a movable needle (120) for opening
or closing the valve (110), the needle (120) being re-
ceived in a fuel reservoir (141) of a valve body (140)
of the fuel injector (100);

- a first spring (130) to move the needle (120) into a
closed position;

- a second spring (135) to move the needle (120) into
the closed position; and

- an actuator (105) for moving the needle (120) into an
open position, the actuator (105) being operable to
supply pressurized fuel to the fuel reservoir (141) so
that the fuel pressure forces the needle (120) away
from the closed position against the spring force of
the first spring (130) or the first and second springs
(130, 135), respectively, for opening the valve (110),

wherein there is a play (305) between the second spring

(135) and the needle (120) when the needle (120) is in

the closed position.

2. Injector (100) according to the preceding claim, wherein
the needle (120) is configured to open the valve (110)
when the needle (120) is moved towards a nozzle (115) end
of the injector (100).

3. 1Injector (100) according to one of the preceding claims,
wherein the second spring (135) is stiffer than the first

spring (130).

4. Injector (100) according to one of the preceding claims,
further comprising a needle stopper (145) to confine nee-

dle (120) movement to a predetermined travel in which
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10.

11.

both springs (130, 135) are engaged.

Injector (100) according to claim 4 wherein the needle

stopper (145) is integrated with the second spring (135).

Injector (100) according to one of the preceding claims,
wherein the first spring (130) comprises a helical

spring.

Injector (100) according to one of the preceding claims,
wherein the second spring (135) comprises a cylindrical
body (405) with radial recesses (410).

Injector (100) according to one of the preceding claims,
wherein the needle (120) and the springs (130, 135) are

mounted coaxially.

Injector (100) according to one of the preceding claims,

wherein the actuator (105) comprises a solenoid.

Injector (100) according to one of the preceding claims,

wherein the wvalve (110) is of the servo type.

Injector (100) according to one of the preceding claims,
wherein the actuator (105) comprises a second valve (150)
for supplying the pressurized fuel to the fuel reservoir
(141) .
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