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(54) Fuel valve actuator

(57) The invention relates to a fuel valve actuator for
an engine. The actuator has an armature (26) movable
to open and close the valve, a permanent magnet (28)
which urges the armature (26) toward the closed position,
biasing means which urges the armature (24) toward the
open position, and an electromagnet (24) which produc-

es a magnetic field that interferes with the magnetic field
of the permanent magnet (28) in order to produce a re-
sultant magnetic field which at least reduces the force
provided by the permanent magnet on the armature (26).
This provides a fast fuel valve actuator with a fast re-
sponse time. A method of actuating a fuel valve is also
provided.
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Description

[0001] The present invention relates to a fuel value ac-
tuator, particularly, but not exclusively a fuel value actu-
ator for use in direct injection automobile engines.
[0002] The fuel injection valves of automobile engines
must open and close very quickly and reliably in order to
ensure efficient engine operation. The rapid opening and
closing of such valves is normally performed using a so-
lenoid connected to the valve. The solenoid typically has
an electromagnetic coil which may be successively en-
ergised and de-energised against the action of a return
spring in order to cause an armature (and hence the
valve) to move up and down in an opening / closing op-
eration. In order to assist this movement, a spring is pro-
vided. When the electromagnetic coil is de-energised the
force exerted by the spring causes the valve to return to
the closed position.
[0003] A disadvantage of such systems is that the time
taken for the valve to respond to each opening / closing
signal (provided by the Engine Control Module) is often
longer than desired. This is due to the amount of time
required for the electromagnetic coil to build up the mag-
netic force required to overcome the force of the return
spring.
[0004] According to a first aspect of the present inven-
tion, there is provided a fuel valve actuator comprising:-

an armature actuable between a first configuration
which closes the valve to fuel flow and a second con-
figuration which opens the valve to fuel flow;
a permanent magnet which urges the armature to-
ward the closed configuration with a first force;
biasing means arranged to urge the armature toward
the open configuration with a second force; and
an electromagnet for selectively producing a mag-
netic field which interferes with the permanent mag-
netic field in order to produce a resultant magnetic
field which at least reduces the first force on the ar-
mature.

[0005] According to a second aspect of the present
invention, there is provided a method of actuating a fuel
valve comprising:-

providing an armature actuable between a first con-
figuration which closes the valve to fuel flow and a
second configuration which opens the valve to fuel
flow;
holding the armature in the closed configuration with
a first force using a permanent magnet;
urging the armature toward an open configuration
with a second force using a resilient biasing means;
energising an electromagnet by passing a current
there through in order to produce a magnetic field
which at least reduces the first force on the armature
such that the second force is greater than the first
and the armature moves toward the open configu-

ration.

[0006] Further aspects and advantages of the present
invention will be apparent from the following description
and from the claims.
[0007] Embodiments of the present invention will now
be described, by way of example only, with reference to
the following drawings, in which:-

Fig. 1 is a schematic illustration of a prior art elec-
tromagnetic actuator not in accordance with the
present invention;
Fig. 2A is a schematic illustration of a first embodi-
ment of the present invention in the de-energised
configuration where magnetic flux lines produced by
the permanent magnet are shown;
Fig. 2B is a schematic illustration of the apparatus
of Fig. 2A in the energised configuration where the
resulting magnetic flux lines from the energised elec-
tromagnet and the permanent magnet are shown;
and
Fig. 3 is a schematic illustration of a second embod-
iment of the present invention.

[0008] A prior art fuel injector actuator 10 comprises a
body 12 which houses an electromagnet coil 14 sur-
rounding an armature 16. The armature 16 is connected
to the value (typically the value pintle) such that when it
moves the valve may be moved between an open and
closed configuration. A return spring (not shown) also
acts on the armature 16 in order to provide a force Fs
which keeps the valve in the closed position when the
electromagnet 14 is not energised. When the valve is to
be opened, the electromagnet is energised (an electrical
current is passed through it). This creates flux lines F1
as shown in Fig. 1 which collectively produce a magnetic
force on the armature 16 in the direction Fm. As the elec-
tromagnetic coil 14 is energised it takes time for the mag-
netic force Fm to build up to a level which is capable of
overcoming the return spring force Fs. Once the force
from the electromagnetic coil 14 is greater than the spring
force Fs, the valve opens. Up to this point, the valve re-
mains closed and there is therefore a time delay from the
moment the valve opening signal reaches the valve and
the moment the valve opens. This is undesirable since
it introduces a time-delay into a crucial phase of the in-
jection sequence.
[0009] Referring to Fig. 2A a fuel value actuator ac-
cording to the present invention will now be described.
Fuel value actuator 20 comprises a body 22 which hous-
es an electromagnet 24 surrounding an armature 26. A
permanent magnet 28 is also provided which exerts a
magnetic force Fpm that keeps the valve in the closed
position when the electromagnet 24 is not energised. The
permanent magnet 28 may have a magnetic flux density
of around 1.2T. Resilient biasing means such as a spring
(not shown) also acts on the armature 16. In contrast with
the prior art fuel injector 10, this spring provides a force
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Fs which tends to open the valve. The spring typically
provides a force of around 25 Newton, although this may
be adjustable.
[0010] In use, in the de-energised state, the force of
the permanent magnet 28 Fpm acts against the force of
the spring Fs. The permanent magnet should be chosen
during manufacture to provide a force Fpm which is slight-
ly greater than the force of the spring Fs in order to keep
the valve in the closed position when the electromagnet
is not energised. The magnetic force provided by the per-
manent magnet is depicted by flux lines F2 in Fig. 2A.
These flux lines clearly pass through (and hence act up-
on) the armature 26.
[0011] When the fuel valve is to be opened, the elec-
tromagnet 24 is energised in response to a control signal.
In the present embodiment the electromagnet 24 is en-
ergised with a current which provides around 650 AT for
a coil of around 42 turns. This quickly creates flux lines
which interfere with the flux lines F2 in order to arrive at
the flux pattern depicted by flux lines F3 in Fig. 2B. The
flux lines are created faster than in prior art systems due
to the saturated magnetic field provided by the perma-
nent magnet 28 which, upon application of a positive volt-
age to the electromagnet, allows current to build up quick-
ly. The built up current creates a magnetic field opposed
to the original one created by the permanent magnet.
Importantly, flux lines F3 do not pass through the arma-
ture 26 and therefore do not act thereupon. This has the
effect of temporarily reducing, if not cancelling, the force
Fpm produced by the permanent magnet 28. As a result,
the armature moves to the open position under the action
of the spring Fs. The skilled reader will realise that the
air gap between the electromagnet 24 and the armature
26 may be manipulated in order to achieve the desired
magnetic force. In this regard, this air gap may typically
be in the region of between 50 m and 100 m; however,
other clearances could be used.
[0012] The above actuator does not suffer from the
time delay between the moment the control signal arrives
at the fuel actuator the moment and the valve opens. This
is in part due to there being no build up of force required
by the electromagnet to move the actuator since the ac-
tuator is actually moved by the spring force Fs.
[0013] Furthermore, when the valve is to be returned
to the closed configuration the current in the electromag-
net 24 can either be stopped (in which case the force of
the permanent magnet 28 will close the valve) or can
preferably, be re-versed in direction (in which case the
armature will be positively urged toward the closed con-
figuration by both the resulting magnetic field from the
electromagnet and the closing force provided by the per-
manent magnet).
[0014] This allows the valve to be closed quickly as
well as opening quickly. The overall response time of the
valve is therefore greatly improved over the prior art.
[0015] Modifications and improvement may be made
to the foregoing without departing from the scope of the
invention, for example:-

In an alternative embodiment, as shown in Fig 3, the
permanent magnetic 28A is provided annularly
around the armature 26A. In this arrangement, the
permanent magnet 28A typically has a magnetic flux
density in the region of 0.5 - 0.6T. In this embodiment
the flux concentration allows magnets having low re-
sidual induction properties to be used.

Claims

1. A fuel valve actuator comprising:-

an armature (26) actuable between a first con-
figuration which closes the valve to fuel flow and
a second configuration which opens the valve
to fuel flow;
a permanent magnet (28) which urges the ar-
mature (26) toward the closed configuration with
a first force (Fpm);
biasing means arranged to urge the armature
(24) toward the open configuration with a second
force (Fs); and
an electromagnet (24) for selectively producing
a magnetic field which interferes with the mag-
netic field of the permanent magnet (28) in order
to produce a resultant magnetic field which at
least reduces the first force (Fpm) on the arma-
ture (26).

2. A fuel valve actuator according to claim 1, wherein
the biasing means comprises resilient biasing
means.

3. A fuel valve actuator according to claim 2, wherein
the resilient biasing means comprises a spring.

4. A fuel valve actuator according to any preceding
claim, wherein the electromagnet (24) comprises
coiled wires which, when energised, produce a mag-
netic field.

5. A method of actuating a fuel valve comprising:-

providing an armature (26) actuable between a
first configuration which closes the valve to fuel
flow and a second configuration which opens
the valve to fuel flow;
holding the armature (26) in the closed config-
uration with a first force (Fpm) using a perma-
nent magnet (28);
urging the armature (26) toward an open con-
figuration with a second force (Fs) using a resil-
ient biasing means;
energising an electromagnet (24) by passing a
current there through in order to produce a mag-
netic field which at least reduces the first force
(Fpm) on the armature (26) such that the second
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force (Fs) is greater than the first force (Fpm)
and the armature (26) moves toward the open
configuration.

6. A method of actuating a fuel valve according to claim
5, wherein the magnetic field produced by the elec-
tromagnet (24) reduces the first force (Fpm) on the
armature (16) to a value at or near zero.

7. A method of actuating a fuel valve according to any
preceding claim, comprising de-energising the elec-
tromagnet (24) when the valve is toward the open
configuration in order to cause the armature (26) to
move back toward the closed configuration under
the action of the first force (Fpm) provided by the
permanent magnet (28).

8. A method of actuating a fuel flow valve according to
either of claims 5 and 6, comprising reversing the
energising current direction such that the armature
(26) is positively urged toward the closed configura-
tion by the electromagnet (28).
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