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(57) A coil assembly (100) for an electromagnetic ac-
tuator (10) of a fluid injection valve (1) is disclosed. It
comprises a solenoid (110) having a central axis(C), a

first permanent magnet (120) and a second permanent
magnet (130). Further, a fluid injection valve (1) is dis-
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Description

[0001] The present disclosure relates to a coil assem-
bly for an electromagnetic actuator of a fluid injection
valve and to a fluid injection valve.
[0002] Fluid injection valves with electromagnetic ac-
tuators are used for example in automotive applications.
The electromagnetic actuators have coils which may be
designed to optimize current losses in the coil turns and
maximize the magnetic field.
[0003] The magnetic behavior of the fluid injection
valve, and in particular the development of the magnetic
field when the coil is energized, depend on the penetra-
tion of the magnetic field through components of the fluid
injection valve along the magnetic path of the electro-
magnetic actuator.
[0004] It is an object of the present invention to provide
a coil assembly for an electromagnetic actuator of a fluid
injection valve which enables particularly advantageous
magnetic properties.
[0005] This object is achieved by a coil assembly and
a fluid injection valve according to the independent
claims. Advantageous embodiments and developments
of the coil assembly and the fluid injection valve are spec-
ified in the dependent claims, the following description
and the figures.
[0006] According to a first aspect, a coil assembly for
an electromagnetic actuator of a fluid injection valve is
specified. According to a second aspect, a fluid injection
valve having an electromagnetic actuator which compris-
es the coil assembly is specified. The fluid injection valve
is in particular a fuel injection valve. It is preferably con-
figured for injecting fuel, such as gasoline or diesel, di-
rectly into a combustion chamber of an internal combus-
tion engine.
[0007] The coil assembly comprises a coil which is in
particular a solenoid. The solenoid has a central axis and
in particular a plurality of turns which are wound - in par-
ticular helically wound - around the central axis. Addition-
ally, the coil assembly comprises a first permanent mag-
net and a second permanent magnet.
[0008] In one embodiment, the coil assembly further
comprises a coil housing in which the solenoid and the
first and second permanent magnets are arranged. In
one development, the coil housing comprises or repre-
sents a yoke of the electromagnetic actuator.
[0009] The fluid injection valve comprises a fluid tube
which hydraulically connects a fluid inlet end of the fluid
injection valve to a fluid outlet end of the fluid injection
valve. The coil assembly is preferably attached to the
fluid tube an outer circumferential surface of the fluid
tube. The fluid tube may be assembled from a plurality
of parts, such as a valve body and a fluid inlet tube up-
stream of the valve body. In the valve body, a valve nee-
dle of the fluid injection valve may be arranged to interact
with a valve seat of the valve body to open and close the
fluid outlet end for controlling fluid flow from the fluid in-
jection valve.

[0010] In an expedient embodiment, the actuator fur-
ther comprises a pole piece. The pole piece is preferably
fixed to an inner circumferential surface of the fluid tube.
In another expedient embodiment, the actuator further
comprises a movable armature in the fluid tube which is
attractable by the magnetic field generated by the sole-
noid in operation to move axially towards the pole piece.
More specifically, the armature is axially movable along
the central axis in reciprocating fashion relative to the
fluid tube. It is preferably mechanically coupled to the
valve needle so that it is operable to displace the valve
needle out of contact with the valve seat due to its move-
ment towards the pole piece.
[0011] In one embodiment, the coil housing and/or the
fluid tube and/or the pole piece and/or the armature are
made of a magnetic material at least in places. For ex-
ample the coil housing and/or the fluid tube and/or the
pole piece and/or the armature comprise or consist of
magnetic stainless steel such as ferromagnetic stainless
steel, for example stainless steel having the SAE steel
grade 430.
[0012] The invention makes use of the idea that mag-
netic material within the magnetic path of the electromag-
netic actuator may be pre-magnetized before the sole-
noid is energized by means of the permanent magnets.
In this way, a particularly fast magnetic saturation of the
coil housing, the fluid tube, the pole piece and/or the ar-
mature is achievable in the region of the magnetic path
of the electromagnetic actuator. Energy losses at the be-
ginning of the energization of the solenoid - e.g. due to
the generation of eddy currents - may be particularly
small. With advantage, full magnetization in the magnetic
path of the actuator is achievable at least as fast as a
peak current through the solenoid is reached. Therefore,
particularly small energy consumption, fast valve open-
ing transients and/or precise control of the valve needle
are achievable. In particular, a fast increase and large
maximum value of the magnetic force on the armature
at the beginning of the opening transient of the fluid in-
jection valve can be realized in this way. Therefore, par-
ticularly large hydraulic loads may be overcome so that
the fluid injection valve according to the present disclo-
sure is particularly well suited for operating at high fluid
pressures, such as 250 bar and above, for example up
to 500 bar.
[0013] In one embodiment, each of the first and second
permanent magnets is in the shape of a cylindrical shell.
In particular, each of the first and second permanent mag-
nets has a central axis which is coaxial with the central
axis of the solenoid. In this way, a particularly homoge-
neous distribution of the magnetic field which is gener-
ated by the permanent magnets with respect to the cen-
tral axis is achievable. With advantage, the magnetic
fields which are generated by the first and second per-
manent magnets have a similar basic shape as the mag-
netic field which is generated by the solenoid in operation.
[0014] In an expedient embodiment, the coil assembly
has a central opening which extends through the coil as-
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sembly along the central axis for receiving the fluid tube
of the fluid injection valve. When the fluid injection valve
is assembled, the fluid tube in particular projects axially
beyond the coil assembly towards the fluid inlet end and
towards the fluid outlet end. The solenoid, the first per-
manent magnet and the second permanent magnet ex-
tend circumferentially around the central opening. Such
an arrangement is advantageous for pre-magnetizing the
pole piece and/or the armature by means of the first and
second permanent magnet.
[0015] In one embodiment, the first permanent magnet
is positioned inside the solenoid and the second perma-
nent magnet is positioned outside of the solenoid in a
mutually axially overlapping fashion. In particular, the so-
lenoid extends circumferentially around the first perma-
nent magnet and the second permanent magnet extends
circumferentially around the solenoid. In one develop-
ment, the first permanent magnet, the solenoid and the
second permanent magnet have the same axial dimen-
sion. In this way, a particularly advantageous magnetic
field distribution of the magnetic field which is generated
by the permanent magnets is achievable with respect to
the magnetic field of the solenoid.
[0016] In one embodiment, the first permanent magnet
and the second permanent magnet are magnetized in
axial direction. This is particularly advantageous combi-
nation with an arrangement of the first permanent magnet
inside the solenoid and the second permanent magnet
outside of the solenoid in mutually axially overlapping
fashion.
[0017] In one development, the magnetization direc-
tion of the first permanent magnet is anti-parallel to the
magnetization direction of the second permanent mag-
net. In this case, the influence of the permanent magnets
on the balance of forces which act on the armature is
particularly small. Therefore, the permanent magnets
may have only little influence on the design of the fluid
injection valve. However, for example due to the different
radial dimensions of the permanent magnets, the mag-
netic field of the first permanent magnet and the second
permanent magnet does not vanish completely inside of
the solenoid, where portions of the pole piece and/or the
armature are arranged. In this way, a particularly small
step variation of the inductive field of the solenoid in the
region of the armature and the pole piece may be achiev-
able due to the pre-magnetization by means of the first
and second permanent magnet.
[0018] In an alternative development, the first perma-
nent magnet and the second permanent magnet are
magnetized in the same direction to generate a first mag-
netic field on the central axis. In particular in this case,
the solenoid may preferably be configured for being en-
ergized to produce a second magnetic field on the central
axis in the same direction as the first magnetic field. In
this way, a particularly high fluid magnetic flux through
the armature is achievable so that the armature can trans-
fer a particularly large force on the valve needle.
[0019] In another embodiment, the first permanent

magnet and the second permanent magnet are posi-
tioned on opposite axial sides of the solenoid in a mutually
radially overlapping fashion. In particular, the first per-
manent magnet, the solenoid and the second permanent
magnet follow one and other in this order along the central
axis. In this case, the axial dimension of the permanent
magnets may be comparatively small. The cylindrical
shell shape is then also denoted as the shape of a per-
forated disk. In one development, the first permanent
magnet, the solenoid and the second permanent magnet
are flush in radial direction. In this way, a particularly small
radial dimension of the coil assembly is achievable.
[0020] In one development, the first permanent mag-
net and the second permanent magnet are magnetized
in radial direction. In this way, an advantageous pre-mag-
netization in the region inside the solenoid is achievable
so that the advantageous effects of the coil assembly on
the armature movement are particularly large. In a pre-
ferred development, the first permanent magnet and the
second permanent magnet are magnetized in opposite
radial directions. In this way, the first magnetic field on
the central axis is particularly small so that the permanent
magnets only half little influence on the fluid injection
valve when the coil is de- energized.
[0021] In one embodiment, the coil assembly compris-
es an electrical connector which is electrically connected
to the solenoid. The electrical connector is in particular
configured for connecting the fuel injection valve to an
electronic control unit.
[0022] Further advantages, advantageous embodi-
ments and developments of the coil assembly, the elec-
tromagnetic actuator and the fluid injection valve will be-
come apparent from the exemplary embodiments which
are described below in association with the figures.
[0023] In the figures:

Figure 1 shows a fluid injection valve according to a
first exemplary embodiment in a longitudinal
section view,

Figure 2 shows a fluid injection valve according to a
second exemplary embodiment in a longitu-
dinal section view,

Figure 3 shows a portion of the fluid injection valve
according to the first exemplary embodiment
in an enlarged schematic longitudinal sec-
tion view,

Figure 4 shows a portion of a variant of the fluid injec-
tion valve according to the first exemplary
embodiment in a schematic longitudinal sec-
tion view, and

Figure 5 shows a portion of the fluid injection valve
according to the second exemplary embod-
iment in an enlarged schematic longitudinal
section view.
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[0024] In the exemplary embodiments and figures,
similar, identical or similarly acting elements are provided
with the same reference symbols. In some figures, indi-
vidual reference symbols may be omitted to improve the
clarity of the figures. Figures 3 to 5 are not regarded to
be true to scale. Rather, individual elements in these fig-
ures may be exaggerated in size for better representa-
bility and/or better understanding.
[0025] Figure 1 shows a sectional view of a fluid injec-
tion valve 1 according to a first exemplary embodiment
of the invention in a sectional plane comprising a longi-
tudinal, central axis C of the fluid injection valve 1. The
fluid injection valve 1 is a fuel injection valve for an internal
combustion engine. It is configured to inject fuel directly
into a combustion chamber of the combustion engine.
For example, the fuel is diesel or gasoline.
[0026] The fluid injection valve 1 has a fluid tube 20
which extends from a fluid inlet end 3 of the fluid injection
valve 1 to a fluid outlet end 5 of the fluid injection valve
1. The fluid tube 20 is assembled from a plurality of indi-
vidual parts and comprises in the present embodiment a
fluid inlet tube at the fluid inlet end 3, a valve body down-
stream of the fluid inlet tube and a nozzle body which
closes the valve body at the fluid outlet end 5. The nozzle
body has one or more injection holes for dispensing fluid
from the fluid injection valve 1 and comprises a valve
seat. In addition, a valve needle is arranged in the valve
body. The valve needle is movable in reciprocating fash-
ion with respect to the valve body and interacts with the
valve seat to seal the injection holes in a closing position
of the valve needle in which the valve needle is in sealing
contact with the valve seat. It is axially displaceable away
from the valve seat to enable a fluid flow through the
injection holes.
[0027] Further, the fluid injection valve 1 comprises an
electromagnetic actuator 10. The electromagnetic actu-
ator 10 comprises a coil assembly 100, a pole piece 160
and a magnetic armature 170. The pole piece 160 is po-
sitioned in the valve body and fixed to an inner circum-
ferential surface 24 of the valve body. The armature 170
is arranged in the valve body. It is movable in reciprocat-
ing fashion relative to the valve body and is mechanically
coupled to the valve needle so that it is operable to dis-
place the valve needle away from the closing position
when it moves towards the pole piece 160. For example,
an outer contour of the armature 170 and/or the pole
piece 160 has a radius which is in the range between 6
mm and 7 mm, the limits being included.
[0028] Movement of the armature 170 towards the pole
piece 160 is effected by means of a variable magnetic
field generated by the coil assembly 100. For generating
the variable magnetic field, the coil assembly 100 com-
prises a solenoid 110. The coil assembly 100 further com-
prises an electrical connector 150 for supplying electrical
power to the solenoid 110. The solenoid 110 has a central
axis C which coincides with the central axis of the fluid
injection valve 1.
[0029] Further, the coil assembly 100 has a metallic

housing 140 which, together with the valve body of the
fluid tube 20, the armature 170 and the pole piece 116
defines a magnetic path for the magnetic field of the elec-
tromagnetic actuator 10. The housing 140 thus may rep-
resent a yoke of the actuator 10.
[0030] The coil assembly 100 further comprises a first
permanent magnet 120 and a second permanent magnet
130. Both permanent magnets 120, 130 are in the shape
of cylindrical shells which share the central axis C with
the solenoid 110.
[0031] Each of the permanent magnets 120, 130 has
an axial dimension in the range of 8 mm to 14 mm, the
limits being included. The thickness - i.e. the radial di-
mension of the cylinder shell - is, for example in the range
between 1 mm and 1.5 mm, the limits being included.
Such dimensions are also suitable for other embodi-
ments of the invention.
[0032] The solenoid 110, the first permanent magnet
120 and the second permanent magnet 130 are received
in the housing 140 of the coil assembly 100. More spe-
cifically, the housing 140 has a cylindrical wall portion
and a bottom wall portion extending radially inward from
the cylindrical wall portion at one axial end of the cylin-
drical wall portion so that the two wall portions form a
recess in which the solenoid 110 and the permanent mag-
nets are arranged. In the present embodiment, the cylin-
drical wall portion and the bottom wall portion are in one
piece. The bottom wall portion preferably axially overlaps
with the armature 170. Further, the housing 140 has an
optional cover which is adjoins the axial end of the cylin-
drical wall portion opposite of the bottom wall portion and
extends in radial inward direction from the cylindrical wall
portion. The cover limits the recess on the side remote
from the bottom wall portion. Expediently, it may be an
individual part, positioned on the cylindrical wall portion
after insertion of the solenoid 110 and the permanent
magnets 120, 130 in the recess. In the present embodi-
ment, the housing 140 has a generally cylindrical outer
shape - defined by the cylindrical wall portion - the diam-
eter of which is, for example, 21.5 mm or less.
[0033] The first permanent magnet 120, the solenoid
110, the second permanent magnet 130 and the cylin-
drical wall portion of the housing 140 follow one another
in this order in radial outward direction, i.e. away from
the central axis C. The first permanent magnet 120, the
solenoid 110, and the second permanent magnet 130
overlap in axial direction. Preferably, they have the same
axial dimension and axial position, so that they are in
particular flush with respect to one another in axial direc-
tion. In other words, the first permanent magnet 120 is
positioned inside the solenoid 110 and the second per-
manent magnet 130 is positioned outside of the solenoid
110 in mutually axially overlapping fashion, in particular
in completely axially overlapping fashion.
[0034] The coil assembly 100 has a central opening
105 which extends through the coil assembly 100 along
the central axis C. In the present embodiment, the central
opening 105 is defined by inner circumferential surfaces
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of the first permanent magnet 120 and of the housing
140 of the coil assembly 100. In particular, the bottom
wall portion and the cover of the housing have central
through holes, the surfaces of which define axial end por-
tions of the central opening 105, while a middle portion
of the central opening 105 is defined by the inner circum-
ferential surface of the first permanent magnet 120.
[0035] The first permanent magnet 120, the solenoid
110, and the second permanent magnet 130, as well as
the housing 140 extend circumferentially around the cen-
tral opening 105. The fluid tube 20 is received in the cen-
tral opening 105 and the coil assembly 100 is fixed to an
outer circumferential surface 22 of the valve body. For
example, the housing 114 is connected to the outer cir-
cumferential surface 22 by means of a friction fit and/or
a welded connection.
[0036] Figure 3 shows an enlarged and schematic lon-
gitudinal section view of the fluid injection valve 1 in the
region of the coil assembly 100. In figure 3, only the por-
tion of the fluid injection valve 1 on the right-hand side of
the central axis C is shown in order to simplify the rep-
resentation.
[0037] The magnetization of the permanent magnets
120, 130 is roughly indicated in figure 3 by means of
indicating the south poles S and the north poles N of the
first permanent magnet 120 and the second permanent
magnet 130, as well as the respective magnetization di-
rections M1 and M2. The magnetization directions M1
and M2 are chosen to represent the direction from the
south pole S to north pole N within the respective per-
manent magnet 120, 113.
[0038] In the present exemplary embodiment, the first
permanent magnet 120 and the second permanent mag-
net 130 are magnetized in the same axial direction M1,
M2. In this way, they generate a first magnetic field B1
in the longitudinal section of the magnetic path which
extends through the opening 105 of the coil assembly
110. This section of the magnetic path comprises the
pole piece 160 and the armature 170 and therefore is of
particular importance for the magnetic force which is ef-
fected on the armature 170.
[0039] Due to the magnetization in the same axial di-
rection M1, M2, a comparatively large magnetic field B1
in this section of the magnetic path, represented by the
magnetic field B1 on the central axis C, is produced by
the permanent magnets 120, 130.
[0040] The electromagnetic actuator 10 is configured
for energizing the solenoid 110 in such fashion as to pro-
duce a second magnetic field B2 in said section of the
magnetic path - and thus on the central axis C - which is
directed in the same direction as the first magnetic field
B1. Such configuration may be achieved by selecting the
winding direction of the turns of the solenoid 110 and the
current direction in a way which is in principle well known
to the person skilled in the art. A magnetic field of partic-
ularly large magnitude is producible in that section of the
magnetic path where the armature 117 is arranged in this
way. Thus, a particularly large magnetic force on the ar-

mature 170 is achievable.
[0041] In addition, the first magnetic field B1 which is
generated by the permanent magnets 120, 130 effects
a pre-magnetization of the housing 140 of the coil as-
sembly 100, of the fluid tube 20, of the armature 170 and
of the pole piece 160, all of which are made from magnetic
materials. For example one, some or all of them are made
from magnetic stainless steel, for example from stainless
steel having the SAE steel grade 430. In this way, energy
consumption for aligning the magnetic domains of these
parts when the solenoid 110 is energized may be partic-
ularly small and the magnetic field may penetrate through
the magnetic path of the actuator 10 particularly fast.
[0042] In one embodiment, a method for operating the
fluid injection valve 1 during an injection event for dis-
pensing a predetermined amount of fluid comprises feed-
ing an operating current to the solenoid 110 via the elec-
trical connector 150. The operating current is controlled
to rise from a closed state value - for example from zero
- to a peak value during an opening transient of the valve
and is subsequently reduced to a holding value - which
is smaller than the peak value - for retaining the valve in
a stable open position for a predetermined amount of
time, before it is reduced to the closed state current at
the end of an injection event.
[0043] The period of time in which the operating current
rises from the closed state value to the peak value may
be denoted as the "boost phase". It has, for example, a
length between 250 ms and 350 ms. The peak value of
the operating current at the end of the boost phase is,
for example, in the range between 10 A and 16 A, pref-
erably between 10 A and 12 A, the limits being included
in each case. The holding value is, for example between
3 A and 5 A, the limits being included.
[0044] This method is also suitable for any other em-
bodiment of the invention.
[0045] With advantage, full magnetization and satura-
tion of the magnetic field is achievable within the boost
phase with the present fluid injection valve 1. In one em-
bodiment, the magnetic field strength, often denoted as
H, may have a maximum value in the range between 50
kA/m and 100 kA/m, the limits being included, inside the
solenoid 110. In contrast thereto, conventional fluid in-
jection valves of similar construction, but without the first
and second permanent magnets 120, 130, may have
larger magnetic diffusion times of, for example, 400 ms
to 500 ms.
[0046] Due to the large magnetic force and the fast
magnetization and saturation, particularly large hydraulic
pressures can be overcome when moving the valve nee-
dle out of the closing position. Therefore, the present fluid
injection valve 1 is particularly well-suited for operating
at high fluid pressures, for example of 250 bar and above,
e.g. between 300 bar and 500 bar. For example, the fluid
injection valve is configured for operating at a nominal
operating pressure of 350 bar.
[0047] Therefore, with respect to conventional fluid in-
jection valves, at least one of the opening time, the energy
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consumption during the boost phase, the magnetic force
and the maximum operation pressure may be improved
with the fluid injection valve 1 according to the present
invention. The inventors have found out that satisfactory
results can be achieved by powering the solenoid 110
with an electrical energy of about 100 mJ in the boost
phase while conventional injection valves would require
20 % to 40 % more electrical energy.
[0048] Figure 4 shows a schematic longitudinal section
view - corresponding to that of figure 3 - of a fluid injection
valve 1 according to a variant of the first exemplary em-
bodiment. The fluid injection valve 1 according to this
variant corresponds in general to that of the first exem-
plary embodiment.
[0049] However, the permanent magnets 120, 130 are
not magnetized in the same axial direction. Rather, the
first permanent magnet 120 and the second permanent
magnet 130 are magnetized in opposite axial directions
M1’ and M2’ with respect to the central axis C. The mag-
netization directions M1’ and M2’ are antiparallel. In this
way, the magnetic field B1’ on the central axis C - i.e. in
that section of the magnetic path which comprises the
pole piece 160 and the armature 170 - is particularly
small. However, for example due to the different sizes of
the permanent magnets 120, 130 - which have in partic-
ular different radial dimensions - and/or due to differing
magnitudes of the magnetization of the permanent mag-
nets 120, 130, the first magnetic field B1’ is not completely
vanishing. As in the first embodiment, the electromag-
netic actuator 10 is preferably configured for energizing
the coil in such fashion that the second magnetic field B2
on the central axis C is directed in the same direction as
the first magnetic field B1’, in particular to achieve a par-
ticularly large magnetic force on the armature 170 and
to maintain the orientation of the magnetic domains when
the solenoid 110 is energized.
[0050] Thus, as in the first exemplary embodiment, a
particularly fast full magnetization and saturation of the
magnetic field is achieved when the solenoid 110 is en-
ergized. In particular, the step magnetization of the mag-
netic field in the longitudinal section of the magnetic path
which comprises the pole piece 160 and the armature
170 may be particularly small due to the pre-magnetiza-
tion. For achieving comparable opening behavior as in a
conventional fluid injection valve without the permanent
magnets 120, 130, the solenoid 110 may have, for ex-
ample, between 70 and 100 turns, the limits being includ-
ed. This is about 15% to 40% less than what would be
required in the conventional fluid injection valve.
[0051] At the same time, while the housing 140, the
fluid tube 20, the pole piece 160 and the armature 170
are pre-magnetized by the magnetic field from the per-
manent magnets 120, 130, the first magnetic field B1’
does not greatly influence the dynamic behavior of the
fluid injection valve 1 due to its comparatively small mag-
nitude. Therefore, first and second permanent magnets
120, 130, may not require substantial changes, for ex-
ample with respect to the calibration of the fluid injection

valve 1 and/or with respect to its design, for example
relating to the stiffness of a return spring which is oper-
able to bias the valve needle towards the closing position.
[0052] Possible materials for the first and second per-
manent magnets 120, 130 in this or any other embodi-
ment are, for example, NdFeB, plasto-neodymium or fer-
rites. NdFeB is in particular understood to mean the ma-
terial Nd2Fe14B, sometimes also denotes as NIB or Neo.
Plasto-neodymium is in particular a composite material
of NdFeB particles and a plastic binder. The material can
be selected you to temperature and design requirements.
[0053] Figure 2 shows a fluid injection valve 1 accord-
ing to a second exemplary embodiment in a longitudinal
section view. Figure 5 shows a section of the fluid injec-
tion valve 1 of the second exemplary embodiment in a
schematic and enlarged sectional view corresponding to
the views of figures 3 and 4.
[0054] The fluid injection valve 1 according to the sec-
ond exemplary embodiment corresponds in general to
that of the first exemplary embodiment. However, the per-
manent magnets 120 and 130 are not arranged in radially
subsequent fashion as in the first embodiment. Rather,
the first permanent magnet 120 and the second perma-
nent magnets 130 axially sandwich the solenoid 110. The
permanent magnets 120, 130 and the solenoid 110 over-
lap radially and are in the present embodiment also flush
in radial direction. By means of this configuration, a par-
ticularly the small radial dimension of the fluid injection
valve 1 is achievable. The axial dimension of the perma-
nent magnets 120, 130 may be particularly small, so that
the permanent magnets 120, 130 may be manufactured
particularly cost-effective.
[0055] In order to create a magnetic field B1 on the
central axis C, i.e. in that section of the magnetic path of
the actuator 10 which comprises the pole piece 160 and
the armature 170, the first permanent magnet 120 and
the second permanent magnet 113 are both magnetized
in radial direction in the present embodiment. More spe-
cifically, they are magnetized in opposite radial directions
M1" and M2" so that the magnetic field of both permanent
magnets 120, 130 is directed in the same direction inside
the solenoid 110. It, thus, sums up to a comparatively
large first magnetic field B1 on the central axis C as in
the first embodiment.
[0056] The invention is not limited to specific embodi-
ments by the description on basis of these exemplary
embodiments. Rather, it comprises any combination of
elements of different embodiments. Moreover, the inven-
tion comprises any combination of claims and any com-
bination of features disclosed by the claims.

Claims

1. Coil assembly (100) for an electromagnetic actuator
(10) of a fluid injection valve (1) comprising a sole-
noid (110) having a central axis(C), a first permanent
magnet (120) and a second permanent magnet
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(130).

2. The coil assembly (100) according to the preceding
claim, wherein each of the first and second perma-
nent magnets (120, 130) is in the shape of a cylin-
drical shell.

3. The coil assembly (100) according to one of the pre-
ceding claims, having a central opening (105) which
extends through the coil assembly (100) along the
central axis (C) for receiving a fluid tube (20) of the
fluid injection valve (1), wherein the solenoid (110),
the first permanent magnet (120) and the second
permanent magnet (130) extend circumferentially
around the central opening (105).

4. The coil assembly (100) according to one of the pre-
ceding claims, wherein the first permanent magnet
(120) is positioned inside the solenoid (110) and the
second permanent magnet (130) is positioned out-
side of the solenoid (110) in a mutually axially over-
lapping fashion.

5. The coil assembly (100) according to one of the pre-
ceding claims, wherein the first permanent magnet
(120) and the second permanent magnet (130) are
magnetized in axial direction (Ml, M2; M1’, M2’).

6. The coil assembly (100) according to the preceding
claim, wherein the magnetization direction (M1’) of
the first permanent magnet (120) is anti-parallel to
the magnetization direction (M2’) of the second per-
manent magnet (130).

7. The coil assembly (100) according to claim 5, where-
in the first permanent magnet (120) and the second
permanent magnet (130) are magnetized in the
same direction (M1, M2) to generate a first magnetic
field (B1) on the central axis (C) and the solenoid
(110) is configured for being energized to produce a
second magnetic field (B2) on the central axis (C) in
the same direction as the first magnetic field.

8. The coil assembly (100) according to one of claims
1 to 3, wherein the first permanent magnet (120) and
the second permanent magnet (130) are positioned
on opposite axial sides of the solenoid (110) in a
mutually radially overlapping fashion.

9. The coil assembly (100) according to one of the pre-
ceding claims, wherein the first permanent magnet
(120) and the second permanent magnet (130) are
magnetized in radial direction, in particular in oppo-
site radial directions (M1" M2").

10. The coil assembly (100) according to one of the pre-
ceding claims, further comprising a coil housing
(140) in which the solenoid (110) and the first and

second permanent magnets (120, 130) are arranged
and/or an electrical connector (150) which is electri-
cally connected to the solenoid (110).

11. The coil assembly (100) according to the preceding
claim, wherein the coil housing (140) is made of a
magnetic material at least in places.

12. Fluid injection valve (1) comprising a fluid tube (20)
which hydraulically connects a fluid inlet end (3) of
the fluid injection valve (1) to a fluid outlet end (5) of
the fluid injection valve (1) and an electromagnetic
actuator (10) which has a coil assembly (100) ac-
cording to one of the preceding claims, the coil as-
sembly (100) being attached to an outer circumfer-
ential surface (22) of the fluid tube (20).

13. Fluid injection valve (1) according to the preceding
claim, wherein the actuator (10) further comprises a
pole piece (160) which is fixed to the an inner cir-
cumferential surface (24) of the fluid tube (20) and
a movable armature (170) which is attractable by the
magnetic field (B2) generated by the solenoid (110)
in operation to move axially towards the pole piece
(160).

14. Fluid injection valve (1) according to claim 12 or 13,
wherein the fluid tube (20) and/or the pole piece (160)
and/or the armature (170) are made of a magnetic
material at least in places.
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