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(54) Fuel injector

(57) A fuel injector has a valve group formed by a
pintle (16) and seat (14). The valve group is biased shut
by a spring (18). In order to prevent the closing force
and speed varying with the hydraulic effects of fuel pres-
sure in the injector, fuel is passed via a bypass (26) to
a location between the seat (14) and a seal (24) which
is dimensioned to provide a cancelling hydraulic force.
Other embodiments use auxiliary springs to give a can-
celling force.



EP 1 602 825 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates to fuel injectors for inter-
nal combustion engines.
[0002] Current engine developments, directed at re-
ducing emissions and improving fuel efficiency, are
leading to requirements for greater accuracy and great-
er speed in the operation of fuel injection equipment.
[0003] Figure 1 is a schematic depiction of a pintle-
type, solenoid actuated fuel injector. A body 10 is formed
with a fuel inlet 12 at one end and a seat 14 at the other.
A pintle 16 cooperates with the seat 14 to form an outlet
valve and nozzle. The pintle 16 is normally biased
closed in the direction Y by a spring 18, and is opened
for fuel injection by a solenoid actuator 20 acting on an
armature 22 to move the pintle in the -Y direction.
[0004] Hydraulic forces produced by the fuel pressure
within the body 10 produce a net force on the pintle in
the -Y direction on a surface enclosed by diameter D.
The hydraulic forces assist in opening of the pintle but
resist closing. Therefore for opening the actuator must
overcome the spring force plus some friction force mi-
nus the net hydraulic force. This means that, for the
same spring force, as fuel pressure is reduced the ac-
tuator has to overcome more force and opening be-
comes more difficult or even impossible. Also, reducing
the fuel pressure reduces the speed of opening and in-
creases the speed of closing.
[0005] A similar situation applies to fuel injectors with
other types of actuator and outlet valve.
[0006] When cranking the engine, hydraulic pressure
is not yet available and thus injector opening becomes
more difficult. This opening while cranking is of course
crucial. It is therefore generally a requirement that the
injector is able to open at very low system pressures,
which in turn requires that the solenoid or other actuator
can supply sufficient force. At the same time, to fulfil min-
imum and maximum fuelling requirements, the actuator
switching times must be very short. Mostly, in trying to
meet these requirements a trade-off between maximum
force and speed has to be found, and both requirements
remain difficult or impossible to meet simultaneously.
[0007] The present invention seeks to meet this prob-
lem by the fuel injector structure defined in claim 1.
[0008] Other features and advantages of the present
invention will be apparent from the claims and from the
following description of exemplary embodiments.
[0009] In the drawings:

Figure 1 shows a prior art injector, as discussed
above;
Figure 2 is a schematic cross-sectional side view of
a fuel injector forming a first embodiment of the in-
vention;
Figure 3 is a schematic cross-sectional side view of
a fuel injector forming a second embodiment of the
invention;
Figure 4 is a schematic cross-sectional side view of

a fuel injector forming a third embodiment of the in-
vention; and
Figure 5 is a schematic cross-section of a further
embodiment.

[0010] In Figures 2-5, parts which are similar to those
shown in Figure 1 are denoted by the same reference
numerals and will not be further described unless nec-
essary.
[0011] Referring to Figure 2, an O-ring forms a seal
between the body 10 and an enlarged area 16a of the
pintle 16, this seal being on the diameter D. The body
10 is formed with a bypass passage 26 which conducts
fuel from the fuel inlet 12 to the area beneath the O-ring
24. In this way, the hydraulic forces on the pintle 16 are
balanced independently of fuel pressure, and the actu-
ator 20 is opposed by the spring force alone (plus any
frictional forces) under all circumstances. Also, the ac-
tuator 20 and armature 22 are now dry which increases
freedom of material choice.
[0012] Figure 3 is similar, but a metal bellow seal 28
is used instead of the O-ring 24.
[0013] In Figure 4, a bypass passage is not used. An
auxiliary spring/seal 30 bears on the top of the pintle 16.
The spring/seal 30 is forms a closed partition with re-
spect to the interior of the injector body 10 while being
open to ambient pressure via an aperture 32, and may
for example by pressed from spring steel.
[0014] The function of the spring/seal 30 is to apply a
load to the pintle on the -Y direction, which load varies
with hydraulic pressure within the injector body 10.
When there is no hydraulic pressure, the spring/seal 31
applies a -Y force governed by its shape and material.
As hydraulic pressure rises, this tends to displace the
spring/seal 30 in the +Y direction, lessening its force on
the pintle 16.
[0015] A similar arrangement is shown in Figure 5, the
spring/seal 30 being replaced by a piston 34 sealedly
sliding in a bore 36 and biased by an auxiliary spring 38.
[0016] In principle, the same effect could be achieved
by replacing the spring 18 with a spring whose biasing
force varies with the surrounding pressure.
[0017] Modifications may be made to the foregoing
embodiments within the scope of the invention as de-
fined in the claims. For example, the invention may be
applied to a fuel injector with an inwardly-opening valve
member rather than an outwardly-opening pintle, and to
a fuel injector actuated hydraulically or mechanically
rather than by a solenoid.
[0018] As noted above, in some embodiments the ac-
tuator can be dry, allowing a wider choice of materials;
this could improve performance and reduce cost. By
eliminating or mitigating hydraulic effects, the invention
allows the actuator to be optimised only for speed, which
permits the package size to be reduced.
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Claims

1. A fuel injector comprising a body (10) defining a fuel
inlet (12) and a valve seat (14), a valve member (16)
movable with respect to the valve seat (14), and an
actuator (20) for selectively moving the valve mem-
ber (16) between open and closed positions

characterised by hydraulic force equalising
means (24,26,28;30;34,36,38) arranged to counter
the effects of hydraulic forces caused by fuel pres-
sure within the injector.

2. A fuel injector according to claim 1, in which the hy-
draulic force equalising means comprises a bypass
passage (26) extending between the fuel inlet (12)
and a location on the valve member (16) which is
located between the valve seat (14) and a seal (24;
28) formed between the valve member (16) and the
valve body (10), said seal (24;28) having a diameter
selected to give a desired hydraulic force in one di-
rection.

3. A fuel injector according to claim 2, in which the seal
comprises an O-ring (24).

4. A fuel injector according to claim 2, in which the seal
comprises a bellows seal (28).

5. A fuel injector according to claim 1, including a main
spring (18) urging the valve member (16) in the clos-
ing direction, and in which said hydraulic force
equalising means comprises an auxiliary spring
(30;38) arranged to urge the valve member (16) in
the opening direction with a force which decreases
as fuel pressure with the injector rises.

6. A fuel injector according to claim 5, in which the aux-
iliary spring comprises a spring/seal (30) forming a
curvilinear partition wall separating the injector in-
terior and fuel pressure therein from ambient, the
spring/seal (30) bearing on the inboard end of the
valve member (16).

7. A fuel injector according to claim 5, in which the aux-
iliary spring comprises a coil spring (38) bearing up-
on a piston (34), the piston (34) being exposed to
ambient at one end and to fuel pressure within the
injector at the other end, and bearing upon the in-
board end of the valve member (16).

8. A fuel injector according to any preceding claim, in
which the valve member is an outwardly-opening
pintle (16).

9. A fuel injector according to any preceding claim, in
which the actuator comprises a solenoid (20).
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