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Description

[0001] The present disclosure relates to an electro-
magnetic coil for a fluid injector. According to one aspect,
the present disclosure relates to the layout of a coiled
conductor that is part of the coil. The present disclosure
further relates to a fluid injector, e.g. a fuel injector.
[0002] A fuel injector for injecting a liquid fluid into the
comustion chamber of a combustion engine may com-
prise an electrically activated valve. For activating the
valve, an electrical current or voltage must be converted
into a longitudinal movement. In known fuel injectors, this
can either be done through a stack of piezoelectric ele-
ments or an electromagnet comprising a solenoid and a
core. When a current flows through the solenoid, a mag-
netic field around the core is generated and the core is
magnetically attracted or repelled from the solenoid. This
force is used to create a longitudinal movement of the
core and the core operates the valve.

[0003] The solenoid comprises a coiled conductor that
is coiled around the longitudinal axis. In order to allow
for precise control of the valve, the magnetic field gen-
erated by the solenoid must be strong. The force of the
magnetic field is dependent on the number of coils and
the current that flows through the conductor. As the
number of coils increases the length of the conductor
also increases and an electrical resistance of the con-
ductor rises. This limits the current that can flow through
the conductor at a given voltage.

[0004] Itis an object of present invention to provide an
electromagnetic coil with a particularly small electrical
resistance.

[0005] This object is achieved by an electromagnetic
coil with the features of claim 1. Advantageous or pre-
ferred embodiments and developments of the coil and of
a fluid injector are specified in the dependent claims.
[0006] According to one aspect, an electromagnetic
coil is specified. According to a further aspect, a fluid
injector is specified. The fluid injector expediently com-
prises the coil. The coil is in particular a solenoid. The
coil is preferably configured for activating the fluid injec-
tor. The fluid injector may be a fuel injector for injecting
fuel into a combustion engine.

[0007] The coil comprises a first electrical terminal, a
second electrical terminal and a coiled conductor that is
electrically connected between the first and second ter-
minals. The conductor comprises at least two sections,
each section coiling around a longitudinal axis, wherein
the sections are electrically connected in parallel.
[0008] By connecting the sections in parallel, the over-
all resistance of the conductor is reduced to a value lower
than the resistance of any single section. By lowering the
overall resistance, the current through the coil at a given
voltage increases and the magnetic field gets stronger.
This allows for a fast acceleration of a core, resulting in
a faster and more precise operation of a valve. Used in
a fuel injector for injecting fuel into a combustion engine,
combustion can be controlled more precisely and the in-
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jected fuel can be used more effectively. This allows for
less fuel waste and reduced emission of noxious gases.
[0009] In one embodiment, one of the sections com-
prises at least two sub-sections, each sub-section coiling
around the longitudinal axis where the sub-sections of
the one section are electrically connected in series.
[0010] More specifically, it is possible to create a nest-
ed arrangement of sections of the conductor that are con-
nected either in series or in parallel. Each parallel con-
nection reduces the electrical resistance of the connect-
ed sections and each serial connection increases the
overall resistance. This way, the conductor can be tai-
lored to have a desired overall electrical resistance and
electrical resistances of sections of the conductor can be
adjusted in the same way. This way the force of the mag-
netic field that is created when current flows through the
conductor may vary along the longitudinal axis. This al-
lows for exercising a more precisely defined force upon
a core in the region of the longitudinal axis.

[0011] Inone embodiment, one of the sections extends
as a spiral in top view along the longitudinal axis. A plu-
rality of such sections may be stacked along the longitu-
dinal axis to form the coil. Electrical connections between
adjacent spirals can be made easily. Through this, the
layout of the connector along the spiral can be controlled
more precisely and with less effort. In a preferred envi-
ronment, the conductor of one of the sections is embed-
ded in a bulk of silicone material, for example of silicone
resin. Since silicone materials have a high electrical re-
sistance, only small distances between individual wind-
ings of the coiled conductor are necessary. Thus, a high
filling factor is achievable so that the coil may produce a
particularly large magnetic field relative to its size.
[0012] In one embodiment, the conductor comprises
aluminium or copper. Both metals or alloys of them may
be used in conjunction with a silicone bulk. The low elec-
trical resistance of those metals may be used advanta-
geously for the solenoid.

[0013] The conductorin one of the sections may have
arectangular profile, the rectangular profile may also be
denoted as a rectangular cross-section. The rectangular
profile may use the available space better so that a con-
ductor with a particularly large cross-sectional area can
be used, thus reducing the electrical resistance and al-
lowing for a higher current. Generally, any profile can be
used for the conductor, including circular, oval, triangular
or polygonal profiles.

[0014] According to another embodiment, the profile
of the conductor - i.e. in particular the cross-sectional
area and/or the cross-sectional shape - varies over its
length. In one example, the profile may be smaller where
the conductor lies closer to the longitudinal axis where
the magnetic field is stronger and bigger where it lies
further away from the strongest portion of the magnetic
field. In other words, the cross-sectional area of the con-
ductor may increase with increasing distance from the
longitudinal axis. That way, optimal use can be made of
the space available, potentially allowing for more coils
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for producing a stronger magneticfield. Alternatively, out-
er dimensions of the solenoid may be reduced.

[0015] Accordingtoanotherembodiment, aninner por-
tion, with respect to the longitudinal axis, of the conductor
in one of the sections may comprise a different material
than an outer portion of the conductor in the same sec-
tion. A first material with a low specific resistance may
thus be saved for the portion where it is most effective,
while a less expensive material with a higher specific
resistance may be used where the effect of its increased
resistance is smaller.

[0016] Further advantages and advantageous embod-
iments and developments of the coil and the fluid injector
will become apparent from the exemplary embodiments
which are described below in connection with schematic
figures, in which:

Figure 1  shows a schematic perspective view of a coil
for a fluid injector according to one embodi-
ment;

Figure 2  shows a perspective section view of the coil
of figure 1;

shows different variants of electrical connec-
tions between sections of the coiled conduc-
tor of one figures 1 and 2;

Figure 3

Figure 4  shows a plan view on a section of the coil of
one of the preceding figures according one
embodiment, and

Figure 5 shows a longitudinal sectional view of a fuel

injector for use with the coil of figures 1 and 2.

[0017] In the exemplary embodiments and figures,
identical, similar or similarly acting constituent parts are
provided with the same reference symbols. The elements
illustrated in the figures and their size relationships
among one another should not be regarded as true to
scale. Rather, individual elements may be represented
with an exaggerated size for the sake of better represent-
ability and/or for the sake of better understanding.
[0018] Figure 1 shows a coil, specifically a solenoid
100, for activating a fuel injector for injecting fuel into a
combustion engine. Figure 2 shows a longitudinal section
of the solenoid 100 of figure 1.

[0019] The solenoid 100 comprises a first electrical ter-
minal 105, a second electrical terminal 110 and an elec-
trical conductor 115 that is connected between the first
and second terminals 105 and 110. The conductor 115
comprises a plurality of sections 120, wherein each sec-
tion 120 coils around a longitudinal axis 125. "Coiled
around the longitudinal axis" 125 in particular means that
the conductor 115 is wound around the longitudinal axis
125 sothat a plurality of turns are produced. The sections
120 follow one another in direction along the longitudinal
axis 125.
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[0020] It is generally sufficient that the conductor 115
is wound around the longitudinal axis 125 in any way.
However, it is preferred that the conductor 115 of each
section 120 has the longitudinal axis 125 as the centre
of a spiral along which the conductor 115 extends inside
the section 120. A main plane of extension of the spiral
is preferably perpendicular to the longitudinal axis 125.

[0021] Generally, the winding direction of the conduc-
tor 115 in each of the sections 120 must be the same,
that is, a current flowing from the first terminal 105 to the
second terminal 110 should flow either clockwise in each
section 120 or counter clockwise in each section 120.
This is necessary to maximize the force of the magnetic
field that is created in the vicinity of the longitudinal axis
125.

[0022] The conductor 115 has to ends per section 120
by means of which the individual sections 120 are elec-
trically connected in parallel. For this, a first power rail
130 and a second power rail 135 run in parallel to the
longitudinal axis 125. One end of each section 120 is
electrically connected to the first power rail 130, the sec-
ond end of each section 120 is electrically connected to
the second power rail 135.

[0023] The power rails 130 and 135 can be made of
the same material as the conductor 115 inside the sec-
tions 120. However, a different material can also be used.
Also, the profile of the power rails 130 and 135 may be
increased with respect to the profile of the conductor 115
inside the power rails 130 and 135In other words, the
cross-sectional area of the power rails 130, 135 may be
largerthan the cross-sectional area of the conductor 115.
[0024] In an alternative embodiment, no power rails
130 or 135 are used and ends of the conductor 115 of
adjacent sections 120 make electrical contact by making
direct physical contact with one another. Besides this,
portions of the conductor 115 in different sections 120
are preferably electrically insulated.

[0025] Figure 3 shows different variants of electrical
connections between sections 120 of the coiled conduc-
tor 115 of figures 1 or 2. Although all sections 120 in
figures 1 and 2 are shown connected electrically in par-
allel, the variants discussed with respect to figure 3 may
be used interchangeably.

[0026] Figure 3a shows a parallel configuration of sec-
tions 120 like in the embodiments of figures 1 and 2. The
number of sections 120 is not limited apart from the am-
pacity of the power rails 130, 135; generally any number
of sections 120 can be used.

[0027] Figure 3b shows a mixed serial and parallel con-
figuration of sections 120. Here, a first section 120 and
a second section 120 are connected in serial and each
ofthe sections 120 comprise two sub-sections 305, which
are connected in parallel. As the sub-sections 305 each
comprise a portion of the conductor 115 thatis electrically
connected between the first and second terminals 105
and 110, the sub-sections 305 may also be considered
as sections 120.

[0028] Figure 3c shows a mixed mode serial and par-
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allel configuration of sections 120 of the solenoid 100.
Here the hierarchy of the embodiment of Figure 3b is
reversed and the two sections 120 that are electrically
connected in parallel each comprise two sub-sections
305 that are connected in serial. Again, the sub-sections
305 can also be considered as sections 120 as they form
part of the conductor 115 that is electrically connected
between the first and second electrical terminals 105 and
110.

[0029] The number of sections 120 and sub-sections
305 in each of the figures 3a-3c are only exemplary; gen-
erally any number of sections 120 and sub-sections 305
can be used. Also, the serial and parallel configurations
of figures 3b and 3c can be nested to the desired level,
for example in a serial/parallel/serial configuration.
[0030] In one embodiment, sections 120 that are con-
nected together in serial or in parallel have the same
resistance. It is preferred that such sections 120 have
the same number of coils along the longitudinal axis 125.
However, sections 120 that differ in size, resistance or
number of coils can also be connected together in the
way described above.

[0031] Figure 4 shows a plan view of a section 120 of
the solenoid 100 of figures 1 or 2 in one embodiment.
Here, the conductor 115 is embedded in abulk of silicone
material 405. The silicone material 405 expediently cov-
ers the conductor 115 on all sides. Preferably, the silicone
material 405 encapsulates the conductor 115. The sili-
cone bulk 405 provides insulation between adjacent coils
of the conductor 115.

[0032] The conductor 115 preferably comprises a met-
al with low electrical resistance, such as aluminium or
copper. In one embodiment, the material of conductor
115 changes along its length in section 120. For instance,
turns adjacent to the longitudinal axis 125 may be made
out of copper, while coils further away from the axis 125
may be made of aluminium. This may also be considered
as a serial connection of sub-sections of different mate-
rials.

[0033] The profile of the conductor 115 inside the sec-
tion 120 may be circular. Figure 4 also shows other pos-
sible profiles 410, 415 and 420 of conductor 115. Other
profiles are also possible, especially general polygonal
profiles and curved profiles such as circular or elliptical
profiles. The profile may change along the conductor 115.
[0034] Ends of the conductor 115 inside section 120
are shown connected with the power rails 130 and 135.
In a different embodiment, the ends of conductor 115
may be uncovered, i.e. not insulated by the silicone bulk
405 and configured such that they may make contact in
axial or radial direction with the power rails 130, 135 or
ends of an adjacent section 120 of similar configuration.
However, preferably, the silicone material 405 is cast or
molded over the coil 100 after the electrical connection
of the sections 120 to the power rails 130, 135.

[0035] Figure 5 shows a longitudinal section of an ex-
emplary fuel injector 500 for injecting fuel into a combus-
tion engine, wherein the fuel injector 500 is configured

10

15

20

25

30

35

40

50

55

to be used with the solenoid 100 of one of the preceding
figures.

[0036] Injector 500 comprises a valve 505 for control-
ling flow of fuel from an inlet 510 to a nozzle 515. The
valve 505 comprises the solenoid 100 according one of
figures 1to4 and a moveable core 520 that extends along
longitudinal axis 125. The moveable core 520 preferably
extends partly into the solenoid 100 and may be made
out of metal or a magnetic material. A spring 530 is pro-
vided to push the core 520 partially out of the solenoid
100 along longitudinal axis 125 when the solenoid 100
is not energized.

[0037] An electric connector 525 is electrically con-
nected with electrical terminals 105 and 110 of the sole-
noid 100. If a voltage is applied to connector 525, current
flows through the conductor 115 of solenoid 100, thereby
creating a magnetic field that causes the core 520 to be
moved along longitudinal axis 125 in opposition to the
force of spring 530, i.e. upwards in Fig. 1. Through this
motion, the valve 505 is opened and fuel is allowed to
pass from inlet 510 to the nozzle 515 and into a combus-
tion engine in which the injector 500 may be installed.
[0038] Solenoid 100 has roughly the shape of a hollow
right circular cylinder with longitudinal axis 125. The inner
recess of the cylinder has enough clearance for core 520
to be moved at least partially into the recess. For protect-
ing the solenoid 100 against possible corrosive or con-
ductive effects of the fuel, a separator between the inner
radial surface of solenoid 100 and the longitudinal axis
125 is provided. In the preferred embodiment of Fig. 1
the separator comes as a reel 535 onto which the con-
ductor is wound. The reel 535 may preferably be manu-
factured from a nonconductive material that withstands
corrosion from the fuel, like certain types of plastics. In
the shown embodiment, a body 540 of injector 500 ex-
tends in aradial space between the reel 535 and the core
520 so that the fuel is held back by the body 540 and the
reel 535 need not be fuel resistive. The reel 535 may also
be shifted over a metallic valve body of the injector 500.

Claims

1. An electromagnetic coil (100) for actuating a fluid
injector (500), the coil (100) comprising:

- a first electrical terminal (105);

- a second electrical terminal (110);

- a coiled conductor (115) thatis electrically con-
nected between the first (105) and second (110)
terminals,

- wherein the conductor (115) comprises at least
two sections (120), each section (120) coiling
around a longitudinal axis (125),
characterized in that

- the sections (120) are electrically connected in
parallel.
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Coil (100) according to claim 1, wherein one of the
sections (120) comprises at least two sub-sections
(305), each sub-section (305) coiling around the lon-
gitudinal axis (125) and the sub-sections (305) of the
one section (120) being electrically connectedinse- 5
ries.

Coil (100) according to claim 1 or 2, wherein at least
one of the sections (120) extends as a spiral in top
view along the longitudinal axis (125). 10

Coil (100) according to one of the preceding claims,
wherein the conductor (115) of at least one of the
sections (120) is embedded in a silicone bulk (405).

15
Coil (100) according to claim 4, wherein the conduc-
tor (115) comprises aluminium or copper.

Coil (100) according to claim 4 or 5, wherein the con-
ductor (115) at least in one of the sections (120) has 20
a rectangular profile (410-420).

Coil (100) according to one of claims 4 to 6, wherein
the profile (410-420) of the conductor (115) varies
over its length. 25

Coil (100) according to one of claims 4 to 7, wherein

an inner portion of the conductor (115) in one of the
sections (120) comprises a different material than

an outer portion of the conductor (115) in the same 30
section (120).

Fluid injector (500) comprising a coil (100) according

to one of the preceding claims.
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