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(54) A FUEL INJECTOR

(57) A fuel injector comprises aneedlemovablewith-
in a nozzle body. The fuel injector has a closed state in
which theneedle ismatedwithanozzle seat, andanopen
state in which the needle is spaced apart from the nozzle
seat to allow fuel to be dispensed from the nozzle body.
The needle and the nozzle body havemutually cooperat-
ing axial guide elements that guide the needle along a
geometrical longitudinal axis of the needle. The guide
elements present, with respect to said longitudinal axis, a
rotational playbetween theneedleand thenozzlebody.A
rotational stop is provided to limit the rotational play. The
fuel injector further comprises a force transfer arrange-
ment configured toprovide to theneedlea rotational force
relative to said longitudinal axis, the rotational force
biasing the needle to assume a fixed rotational position
at said rotational stop relative to the nozzle body in said
closed state of the fuel injector.
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Description

TECHNICAL FIELD

[0001] The disclosure relates generally to a fuel injec-
tor. In particular aspects, the disclosure relates to a fuel
injector for an internal combustion engine system. The
disclosurecanbeapplied toheavy-duty vehicles, suchas
trucks, buses, and construction equipment, among other
vehicle types. Although the disclosure may be described
with respect to a particular vehicle, the disclosure is not
restricted to any particular vehicle.

BACKGROUND

[0002] Fuel injectors for internal combustion engines
normally include a needle that is movable within a nozzle
body. The needle can be moved to contact a nozzle seat
to close the fuel injector, andmovedaway from thenozzle
seat to allow fuel to be injected into the internal combus-
tion engine. Such known injectors may have a mechan-
ical spline-like keying feature between theneedleand the
nozzle body which limits the range of rotation of the
needle relative to the nozzle body. This promotes uneven
wear of the contact surfaces such that, over time, a
random pattern of convex and concave irregularities
develops on one contact surface that tends to match a
similar but opposing pattern of convex/concave irregula-
rities on the opposite contact surface. The matching of
thosepatterns promotes a fluid seal in the seat. However,
the spline-like interface between the needle and the
nozzle body is provided with a certain clearance to avoid
undue friction that can disturb the accurately controlled
axial movement of the needle relative to the nozzle body.
This clearanceallowsacertain relativeangular/rotational
movement of the needle relative to the nozzle body. Such
variation in relative angular/rotational position means
that the formed irregularities in the contact surfaces will
not always mate well enough to provide a tight seal,
thereby presenting a risk of increased fuel leakage.

SUMMARY

[0003] According to a first aspect of the disclosure,
there is provided a fuel injector, comprising:

- anozzlebodyhavingan inlet for receiving fuel andan
outlet for dispensing received fuel,

- a nozzle seat located within the nozzle body,
- a needle being movable within the nozzle body,

selectively towards and away from the nozzle seat,
wherein the fuel injector has:

a closed state in which the needle is mated with
the nozzle seat to prevent fuel from being dis-
pensed from the nozzle body, and
an open state in which the needle is spaced
apart from the nozzle seat to allow fuel to be

dispensed from the nozzle body,

wherein the needle and the nozzle body have mu-
tually cooperating axial guide elements that guide
the needle along a geometrical longitudinal axis of
the needle,
wherein the guide elements present, with respect to
said longitudinal axis, a rotational play between the
needle and the nozzle body,
wherein a rotational stop is provided to limit the
rotational play,
wherein the fuel injector further comprises:

- a force transfer arrangement configured to pro-
vide to the needle a rotational force relative to
said longitudinal axis, the rotational force bias-
ing the needle to assume a fixed rotational posi-
tion at said rotational stop relative to the nozzle
body in said closed state of the fuel injector.

The first aspect of the disclosure may seek to avoid the
problem of fuel leakage due to uncontrolled mating be-
tween the needle and the nozzle seat with respect to
rotational direction of the needle. A technical benefit may
include that by providing a way of rotationally biasing the
needle and the nozzle body against each other with a
controlled force, such that, when the needle mates with
the nozzle seat, it tends to always end up in the same
relative angular position, the angular position being de-
fined by the rotational stop.
[0004] The rotational stopmay be conceived in various
manners. For example, in some examples the rotational
stop may include a protrusion cooperating with a recess,
such as a protrusion extending from one of said needle
and said nozzle body and a cooperating (and slightly
larger) recess provided in the other one of said needle
and said nozzle body. In some examples, the rotational
stop may include a void formed by a first recess in the
needle facing a second recess in the nozzle body, where-
in an element, such as a ball, may be provided in the void
and dimensioned such that it extends into both recesses,
thereby limiting the relative rotation between the needle
and nozzle body. Yet another example for a rotational
stop may be to provide a ratchet-configuration, which
would limit rotation in one direction, wherein a torsional
spring could be provided to limit rotation in the opposite
direction.
[0005] Optionally in some examples, including in at
least one preferred example, the force transfer arrange-
ment forms part of the needle in the form of one or more
angled peripheral surfaces of the needle, wherein kinetic
energy of fuel flowing on said angled peripheral surfaces
results in said rotational force being provided to the
needle. A technical benefit may include that no separate
force transfer arrangement needs to be provided, but
instead the existing kinetic energy of the flowing fuel is
made use of.
[0006] Optionally in some examples, including in at
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least one preferred example, the force transfer arrange-
ment comprises one or more grooves provided on the
surface of the needle, the one or more grooves being
tilted relative to said longitudinal axis, wherein fuel flow-
ing along the needle and on the tilted groove(s) provides
for said rotational force. Analogously to the above dis-
cussion, a technical benefit may include that no separate
force transfer arrangement needs to be provided for
achieving the biasing of the needle.
[0007] Optionally in some examples, including in at
least one preferred example, the force transfer arrange-
ment comprises a separate component which subjects
the needle to said rotational force. A technical benefit
may include that a separate component can provide a
force independently of any fuel flow being present or not
around theneedle.Forexample, if theneedlehasalready
reached the nozzle seat, but the rotational position is
such that the irregularities in the contact surfaces of the
needle and the nozzle seat are not matching, then there
may be a small leakage, but the force of the fuel will be
very low and may not be able to rotate the needle into its
final matching position. By providing a separate compo-
nent to provide the force, the biasing force can be applied
to the needle even after it has come into contact with the
nozzle seat.
[0008] Optionally in some examples, including in at
least one preferred example, the force transfer arrange-
ment comprises a resilient element which subjects the
needle to said rotational force. Analogously with the
above, a technical benefit may include that a resilient
elementmay provide the biasing force to the needle even
after it has come into contact with the nozzle seat.
[0009] Optionally in some examples, including in at
least one preferred example, the resilient element is in
the form of a torsion spring arranged between the nozzle
body and the needle, wherein the torsion spring subjects
the needle to said rotational force. A technical benefit
may include that torsionspringsare readily availableand,
analogously with the above discussion, provides the
biasing force to the needle irrespective of the axial posi-
tion of the needle.
[0010] Optionally in some examples, including in at
least one preferred example, the mutually cooperating
axial guide elements include one or more protrusions
cooperatingwith respective recesses, wherein one of the
nozzle body and the needle is provided with said one or
more protrusions and the other one of the nozzle body
and the needle is providedwith said respective recesses.
A technical benefit may include that such axial guide
elements are simple tomanufacture, yet provide efficient
axial guiding. Theprotrusionsand recessesmaybe in the
form of splines, keys, grooves, etc. For axial guiding,
suitably at least one of said protrusions and recesses
may be elongate and extend in parallel with the central
axis of the fuel injector. For example, a protrusion which
hasa relatively short axial extension, canbeguidedalong
a recess/groove having relatively long axial extension.
Such a long recessmay in someexamples beprovided in

the needle, and in other examples be provided in the
nozzle body. Conversely, in other examples, the protru-
sion may have a relatively long axial extension and the
recess may have a relatively short axial extension. It
should furthermore be understood, that in some exam-
ples, the protrusion as well as the recess may both be
elongate in the axial extension, for example, of equal
axial length. In other examples the mutually cooperating
axial guide elements may include cylindrical guide sur-
faces cooperating with each other.
[0011] Optionally in some examples, including in at
least one preferred example, the force transfer arrange-
ment is configured to start rotating the needle before it
reaches the nozzle seat. A technical benefit may include
that, by allowing the needle to be rotated before having
reached the seated state, various factors such as vibra-
tions pushing away the needle at the last moment, may
be avoided.
[0012] Optionally in some examples, including in at
least one preferred example, the force transfer arrange-
ment is configured to rotate the needle to said fixed
rotational positionwhen theneedlehascome into contact
with the nozzle seat. A technical benefit may include that
a correct position may be provided even if the correct
rotational position has not yet been reached during the
axial movement of the needle. It should thus be under-
stood that the rotational biasing force may, in at least
some examples, start already before the needle comes
into contact with the nozzle seat, and then also continue
after the needle has come into contact with the nozzle
seat.
[0013] Optionally in some examples, including in at
least one preferred example, said rotational stop is a
single mechanical stop against continued rotation of
the needle in one of a clockwise and counter-clockwise
direction. A technical benefit may include that more play
is allowed in the opposite direction, reducing the risk of
frictional effects. In some examples, the rotation in the
opposite direction may be limited by a spring force, such
as from the previously discussed resilient element/tor-
sion spring, and therefore in the opposite direction there
wouldnot bea limit at a particular fixed rotational position.
[0014] Optionally in some examples, including in at
least one preferred example, said rotational stop is a first
mechanical stop against continued rotation of the needle
in one of a clockwise and counter-clockwise direction,
wherein the fuel injection further comprises a second
mechanical stop against continued rotation of the needle
in the opposite one of said clockwise and counter-clock-
wise direction. A technical benefit may include that by
having a limit in both rotational directions, the energy
required to rotate theneedle fromone rotational endpoint
to the other rotational end point may be conveniently
controlled and anticipated.
[0015] Optionally in some examples, including in at
least one preferred example, the fuel injector is normally
in the closed state, and is configured to become opened
by an electrical signal from an engine control module,
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ECM. A technical benefit may include that such control is
efficient and provides short response time.
[0016] According to a second aspect of the disclosure,
there is provided an internal combustion engine system
comprising the fuel injector according to the first aspect,
including any examples thereof, wherein the fuel injector
is configured to, in the open state, inject fuel into a
combustion chamber of the internal combustion engine
system. The secondaspect of the disclosuremay seek to
solve the corresponding problem and may include the
corresponding benefits as the first aspect, including any
examples thereof.
[0017] According to a third aspect of the disclosure,
there is provided a vehicle comprising the fuel injector
according to the first aspect, including any examples
thereof, or internal combustion engine system according
to the second aspect, including any examples thereof.
The third aspect of the disclosure may seek to solve the
corresponding problemandmay include the correspond-
ing benefits as the first aspect, including any examples
thereof.
[0018] The disclosed aspects, examples (including
any preferred examples), and/or accompanying claims
may be suitably combined with each other as would be
apparent to anyone of ordinary skill in the art. Additional
features and advantages are disclosed in the following
description, claims, and drawings, and in part will be
readily apparent therefrom to those skilled in the art or
recognized by practicing the disclosure as described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Examples are described in more detail below
with reference to the appended drawings.

FIG. 1 schematically illustrates a vehicle according
to one example of this disclosure.
FIG. 2schematically illustratesa fuel injector accord-
ing to one example of this disclosure.
FIG. 3schematically illustratesa fuel injector accord-
ing to another example of this disclosure.
FIG. 4 schematically illustrates an example of a
rotational stop which may be implemented in a fuel
injector according to at least some examples of this
disclosure.
FIG. 5 schematically illustrates another example of a
rotational stop which may be implemented in a fuel
injector according to at least some examples of this
disclosure.
FIG. 6 schematically illustrates an internal combus-
tion engine system according to one example of this
disclosure.
FIG. 7schematically illustratesa fuel injector accord-
ing to a general example of this disclosure.

DETAILED DESCRIPTION

[0020] The detailed description set forth below pro-
vides information and examples of the disclosed technol-
ogy with sufficient detail to enable those skilled in the art
to practice the disclosure.
[0021] A fuel injector may be provided for supplying
fuel into a cylinder of an internal combustion engine. The
fuel injector may be inserted into an opening in a housing
part to form a part of a fuel injection system. Such a fuel
injector or fuel injection systemmaybeused in an internal
combustion engine, such as a diesel engine, wherein
said engine can be used in any vehicle, such as a truck,
bus, construction equipment, etc. A fuel injector may
include a needle that is movable within a nozzle body.
The needle can be moved to contact a nozzle seat to
close the fuel injector, and moved away from the nozzle
seat to allow fuel to be injected into the internal combus-
tion engine. Known injectors may be subject to uneven
wear of the contact surfaces between the needle and the
nozzle seat such that, over time, a random pattern of
convex and concave irregularities develops on one con-
tact surface that tends to match a similar but opposing
pattern of convex/concave irregularities on the opposite
contact surface. The matching of those patterns pro-
motes a fluid seal in the seat. However, the needle and
the nozzle body are provided with a certain clearance
which allows a certain relative angular/rotational move-
ment of the needle relative to the nozzle body. Such
variation in relative angular/rotational position means
that the formed irregularities in the contact surfaces will
not always mate well enough to provide a tight seal,
thereby presenting a risk of increased fuel leakage.
The present disclosure is based on the insight that a
repeatable position is obtainable by combining a rota-
tional stop with a force transfer arrangement, such that
the needle may each time it is subjected to the rotational
force provided by the force transfer arrangement always
assume a fixed rotational position at the rotational stop in
the closed state of the fuel injector. Thus, by forcing the
needle to arrive to a predetermined position in the closed
state of the fuel injector, uncertainty and variability of
relative rotational orientation between contact surfaces
may efficiently be avoided.
[0022] FIG. 1 schematically illustrates a vehicle 1 ac-
cording to one example of this disclosure. The exemplary
illustration inFIG. 1showsa tractor unit for towinga trailer
unit (not shown), which together make up a semitrailer
vehicle. However, the teachings of this disclosure are
applicable to other typesof vehicles aswell. For instance,
the vehicle may be a different type of vehicle for cargo
transport, such as a truck, or a truck with a dolly unit
arranged to tow a trailer unit, etc. Other conceivable
examples include a bus, construction equipment or other
vehicle types. The vehicle 1 may be powered by an
internal combustion engine (ICE). The illustrated vehicle
1 comprises a cabin 2 in which a driver may operate the
vehicle 1.However, in other exemplary embodiments the
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vehicle 1 may be an autonomous, i.e., self-driving, ve-
hicle.
[0023] Thevehicle1maycomprisea fuel injector of this
disclosure, some examples of which will be discussed
below. In particular, the vehicle 1may comprise an inter-
nal combustion engine systemwhich in turn comprises a
fuel injector of this disclosure. Such a fuel injectormay be
configured to, in the open state, inject fuel into a combus-
tion chamber of the internal combustion engine system.
[0024] FIG. 2 schematically illustrates a fuel injector10
according to one example of this disclosure. The fuel
injector 10 comprises a nozzle body 12 having an inlet 14
for receiving fuel (indicated by arrows). The inlet 14may
be connected to a nozzle chamber 15 for receiving fuel to
be injected. The nozzle body 12 further has outlets 16 for
dispensing received fuel. A nozzle seat 18 is located
within the nozzle body 12. The fuel injector 10 further
comprises a needle 20 which may be reciprocally mo-
vable within the nozzle body 12. In particular, the needle
20 may be selectively movable towards and away from
the nozzle seat 18.The fuel injector 10 has a closed state
in which the needle 20 ismatedwith the nozzle seat 18 to
prevent fuel from being dispensed from the nozzle body
12, and an open state in which the needle 20 is spaced
apart from thenozzle seat18 toallow fuel tobedispensed
from the nozzle body 12. In FIG. 2, the open state of the
fuel injector 10 is shown. Thus, the needle 20 has not
reached its most axially advanced position. To change to
a closed state of the fuel injector 10, the needle 20would
be moved to an axially advanced position compared to
that shown inFIG. 2.Theneedle20may thus bemovable
between an advanced/closed position and a retracted/o-
pen position. A purpose of the nozzle seat 18 is to
hydraulically separate the nozzle chamber 15 from the
outlets 16 in the closed position of the needle 20, i.e., in
the closed state of the fuel injector 10. The needle 20 and
the nozzle body 12 may suitably be concentrically ar-
ranged relative to each other and may have a controlled
clearance inaguide22betweeneachother.Theguide22
may be formed by mutually cooperating axial guide ele-
ments of the needle 20 and nozzle body 12, respectively,
which guide elements guide the needle 20 along a geo-
metrical longitudinal axis X of the needle 20. The guide
elements present,with respect to said longitudinal axisX,
a rotational play between the needle 20 and the nozzle
body 12.As illustrated in FIG. 2, the guide elementsmay,
in some examples be formed by cooperating cylindrical
surfaces of the needle 20 and nozzle body 22. In other
examples, the guide elements may include cooperating
protrusions and recesses.
[0025] FIG. 2 also illustrates schematically that the fuel
injector 10 further comprises a rotational stop 24. The
rotational stop 24 is provided to limit the rotational play
between the needle 20 and the nozzle body 12.
[0026] The fuel injector 10 further comprises a force
transfer arrangement 26 configured to provide to the
needle 20 a rotational force relative to said longitudinal
axis X. The purpose of the rotational force is to bias the

needle 20 into assuming, at said rotational stop 24, a
fixed rotational position relative to the nozzle body 12 in
the closed state of the fuel injector 10. Thus, the needle
20may be rotated to a predetermined rotational orienta-
tion, defined by the rotational stop 24, each time the
needle 20 forms contact with the nozzle seat 18 in the
closed state of the fuel injector 10.
[0027] In the illustrated example in FIG. 2, the force
transfer arrangement26may formpart of theneedle20 in
the form of one ormore angled peripheral surfaces of the
needle20.Thekinetic energy of fuel flowing (indicated by
the arrows) on said angled peripheral surfaces results in
said rotational force being provided to the needle 20.
Thus, when the needle 20 is in a lifted position and fuel is
being injected, as the fluid passes along the angled
peripheral surfaces, the needle 20 may be rotated into
the desired position, such that when the needle 20 is
subsequently lowered to come into contact with the noz-
zle seat 18, it will assume the fixed (predetermined)
rotational position. Thus, the force transfer arrangement
26 may be configured to start rotating the needle 20
before it reaches the nozzle seat 18.
[0028] From the above, it can be understood that, as
illustrated inFIG.2, in at least someexamples, theneedle
20 may present a section with peripheral angled cuts
acting as fuel flow channels. Thus, as illustrated in the
exampleofFIG.2, the force transfer arrangement26may
comprise one or more groves provided on the surface of
the needle 20, the one or more grooves being tilted
relative to said longitudinal axis X.Hereby, when the fuel
flows along the needle 20 and on the tilted groove or
grooves, the kinetic energy of the fuel will provide for said
rotational force.
[0029] FIG. 3 schematically illustrates a fuel injector30
according to another example of this disclosure. In this
example the force transfer arrangement 32 comprises a
separate componentwhichsubjects theneedle34 to said
rotational force. In particular, FIG. 3 very schematically
indicates that the force transfer arrangement 32 may
comprise a torsion spring which is operatively arranged
between the nozzle body 36 and the needle 34, wherein
the torsionspringsubjects theneedle34 to said rotational
force. For example, the force transfer arrangement 32 in
the formof a torsionspringmayat oneend38beprovided
withapinwhich isengagedwithahole in theneedle34 (or
a component connected to the needle 34), and may at
another end 40 be engaged with a locating dowel 42
which in turn is connected to thenozzlebody36. It should,
however, be understood that other ways of mounting the
torsion spring are readily conceivable. It should further-
more be understood that a torsion spring is just one
example of a resilient element which can subject the
needle 34 to the rotational force. In other examples,
the force transfer arrangement 32 may comprise a dif-
ferent resilient element which subjects the needle 34 to
the rotational force. For instance, instead of a torsion
spring, it would be conceivable to provide protrusions to
ends of a compression spring. The ends of the compres-
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sion springmay be connected to two different parts (e.g.,
nozzle body and needle) which are rotated relative to
each other to bias the compression spring torsionally
before the parts are assembled together. As schemati-
cally illustrated in FIG. 3, also in this example there is
provided a rotational stop 24 to limit the rotational play.
The force transfer arrangement 32, in this example the
torsion spring, is thus configured to provide to the needle
34 a rotational force relative to the longitudinal axis X of
the needle 34. This rotational force biases the needle 34
to assume a fixed rotational position at said rotational
stop (relative to nozzle body), in the closed state of the
fuel injector 30. If the needle 34 has not yet come to the
fixed rotational position when the needle 34 has come
into contact with the nozzle seat 18, the force transfer
arrangement 32, in the formof the torsion spring (or other
resilient element),may be configured to rotate the needle
34 to said fixed rotational position.
[0030] It should be noted that although FIG. 3 illus-
trates a solid needle 34, thus indicative of the fuel flowing
on the outside of the needle, i.e., between the needle 34
and the nozzle body 36, it should be understood that
other needle configurations may be combinable with a
force transfer arrangement comprising a separate com-
ponent such as a resilient element. For instance, the
needle 34 may be provided with internal channels for
leading the fuel at least a certain distance inside the
needle 34 towards the outlet of the fuel injector 30.
[0031] FIG. 4 schematically illustrates an example of a
rotational stop 50 which may be implemented in a fuel
injector according to at least some examples of this
disclosure. In this example, it is very schematically illu-
strated that the needle 52may be provided with a protru-
sion 54which projects into a slightly oversized recess 56
of the nozzle body 58. The opposite walls 60, 62 of the
recesses 54 limit the rotation of the needle 52 in both the
clockwise and counter-clockwise direction. In particular,
the protrusion54will come in contactwith oneof thewalls
60, 62 depending on in which direction the needle 52 is
rotated. In other examples, the needle 52may instead be
provided with a recess into which a protrusion of the
nozzle body 58 extends.
[0032] FIG. 5 schematically illustrates another exam-
ple of a rotational stop 70whichmay be implemented in a
fuel injector according to at least some examples of this
disclosure. In this example, the rotational stop includes a
void 72 formed by a recess of the needle 74 facing a
recess of the nozzle body 76. A ball 78which has a large
enough diameter so as to extend into both recesses that
form the void 72, limits the clockwise and counter-clock-
wise rotation of the needle 74 relative to the nozzle body
76.
[0033] In both examples in FIG. 4 and FIG. 5, the
rotational stop 50, 70 is achieved bymeans of the oppos-
ing walls of each recess. One of the opposing recesses
walls 60, 62 thus forms a first mechanical stop against
continued rotation of the needle 52, 74 in one of the
clockwise and counter-clockwise direction. The other

oneof theopposingwalls60, 62 formsasecondmechan-
ical stop against continued rotation of the needle50, 70 in
theoppositeoneof saidclockwiseandcounter-clockwise
direction.
[0034] Although FIG. 4 has mainly been illustrated to
show a rotational stop 50, it should be understood that
FIG. 4 may, in another interpretation, instead be consid-
ered to show a very schematic representation of the
mutually cooperating axial guide elements discussed
previously. Thus, the mutually cooperating guide ele-
ments may include one protrusion 54 which cooperates
with a recess 56, wherein the needle 52 is provided with
the protrusion 54 and the nozzle body 58 is provided with
the recesses. It should be understood that, in some
examples, such mutually cooperating axial guide ele-
ments may include more protrusions cooperating with
respective recesses. Furthermore, the one or more pro-
trusions may, in some examples, be provided on the
nozzlebody,while theoneormore recessesareprovided
in the needle.
[0035] FIG. 6 schematically illustrates an internal com-
bustion engine system 80 according to one example of
this disclosure. The internal combustion engine system
80 comprises a fuel injector 82, such as the fuel injector
10, 30 exemplified in FIG. 2 or FIG. 3, or a fuel injector
according to any other example of this disclosure. The
internal combustion engine system 80 further comprises
at least one combustion chamber 84. The fuel injector 82
is configured to, in the open state, inject fuel 86 into the
combustion chamber 84. However, the fuel injector 82
may be normally in the closed state, and may be config-
ured to becomeopened by an electrical signal 88 froman
engine control module 90, ECM.
[0036] FIG. 7 is another, more general, view of FIG. 1,
according to an example. In particular FIG. 7 schemati-
cally illustrates a fuel injector 100 according to a general
example of this disclosure. The fuel injector 100 com-
prises:

- a nozzle body 102 having an inlet 104 for receiving
fuel and an outlet 106 for dispensing received fuel,

- anozzle seat108 locatedwithin thenozzlebody102,
- a needle 110 being movable within the nozzle body

102, selectively towards and away from the nozzle
seat 108, wherein the fuel injector 100 has:

a closed state in which the needle 110 is mated
with the nozzle seat 108 to prevent fuel from
being dispensed from the nozzle body 102, and
an open state in which the needle 110 is spaced
apart from the nozzle seat 108 to allow fuel to be
dispensed from the nozzle body 102,
wherein the needle110and the nozzle body 102
havemutually cooperating axial guide elements
112, 114 that guide the needle 110 along a
geometrical longitudinal axis X of the needle
110,
wherein the guide elements 112, 114 present,

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 553 313 A1 12

with respect to said longitudinal axis X, a rota-
tional play between the needle 110 and the
nozzle body 102,
wherein a rotational stop 116 is provided to limit
the rotational play,
wherein the fuel injector 100 further comprises:

- a force transfer arrangement 118 config-
ured to provide to the needle 110 a rota-
tional force relative to said longitudinal axis
X, the rotational force biasing the needle
110 to assume a fixed rotational position at
said rotational stop 116 relative to the noz-
zle body 102 in said closed state of the fuel
injector 110.

[0037] Example 1: A fuel injector, comprising:

- anozzlebodyhavingan inlet for receiving fuel andan
outlet for dispensing received fuel,

- a nozzle seat located within the nozzle body,
- a needle being movable within the nozzle body,

selectively towards and away from the nozzle seat,
wherein the fuel injector has:

a closed state in which the needle is mated with
the nozzle seat to prevent fuel from being dis-
pensed from the nozzle body, and
an open state in which the needle is spaced
apart from the nozzle seat to allow fuel to be
dispensed from the nozzle body,

wherein the needle and the nozzle body have mu-
tually cooperating axial guide elements that guide
the needle along a geometrical longitudinal axis of
the needle,
wherein the guide elements present, with respect to
said longitudinal axis, a rotational play between the
needle and the nozzle body,
wherein a rotational stop is provided to limit the
rotational play,
wherein the fuel injector further comprises:

- a force transfer arrangement configured to pro-
vide to the needle a rotational force relative to
said longitudinal axis, the rotational force bias-
ing the needle to assume a fixed rotational posi-
tion at said rotational stop relative to the nozzle
body in said closed state of the fuel injector.

[0038] Example 2: The fuel injector of example 1,
wherein the force transfer arrangement forms part of
the needle in the form of one or more angled peripheral
surfaces of the needle, wherein kinetic energy of fuel
flowing on said angled peripheral surfaces results in said
rotational force being provided to the needle.
[0039] Example 3: The fuel injector of any one of ex-
amples 1‑2, wherein the force transfer arrangement

comprises one or more grooves provided on the surface
of the needle, the one or more grooves being tilted
relative to said longitudinal axis, wherein fuel flowing
along the needle and on the tilted groove(s) provides
for said rotational force.
[0040] Example 4: The fuel injector of example 1,
wherein the force transfer arrangement comprises a
separate component which subjects the needle to said
rotational force.
[0041] Example 5: The fuel injector of any one of ex-
amples 1 or 4, wherein the force transfer arrangement
comprises a resilient element which subjects the needle
to said rotational force.
[0042] Example 6: The fuel injector of example 5,
wherein the resilient element is in the form of a torsion
spring arranged between the nozzle body and the nee-
dle, wherein the torsion spring subjects the needle to said
rotational force.
[0043] Example 7: The fuel injector of any one of ex-
amples 1‑6,wherein themutually cooperating axial guide
elements include one or more protrusions cooperating
with respective recesses, wherein one of the nozzle body
and the needle is provided with said one or more protru-
sionsand theother oneof thenozzle bodyand theneedle
is provided with said respective recesses.
[0044] Example 8: The fuel injector of any one of ex-
amples 1‑7, wherein the force transfer arrangement is
configured to start rotating the needle before it reaches
the nozzle seat.
[0045] Example 9: The fuel injector of any one of ex-
amples 1‑8, wherein the force transfer arrangement is
configured to rotate the needle to said fixed rotational
position when the needle has come into contact with the
nozzle seat.
[0046] Example 10: The fuel injector of any one of
examples 1‑9, wherein said rotational stop is a single
mechanical stop against continued rotation of the needle
in one of a clockwise and counter-clockwise direction.
[0047] Example 11: The fuel injector of any one of
examples 1‑9, wherein said rotational stop is a first
mechanical stop against continued rotation of the needle
in one of a clockwise and counter-clockwise direction,
wherein the fuel injection further comprises a second
mechanical stop against continued rotation of the needle
in the opposite one of said clockwise and counter-clock-
wise direction.
[0048] Example 12: The fuel injector of any one of
examples 1‑11, wherein the fuel injector is normally in
the closed state, and is configured to become opened by
an electrical signal from an engine control module, ECM.
[0049] Example 13: The fuel injector of any one of
examples 1‑12, wherein the needle is solid, wherein
the fuel is allowed to flow along the outside of the needle.
[0050] Example 14: The fuel injector of any one of
examples 1‑12, wherein the needle includes one ormore
internal channels for allowing the fuel to flow at least
partly along the inside of the needle.
[0051] Example 15. The fuel injector of any one of
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examples 1‑14, wherein the rotational stop limits said
rotational play to3°or less, suchas1°or less, for example
0.5° or less.
[0052] Example 16: An internal combustion engine
system comprising the fuel injector according to any
one of examples 1‑15, wherein the fuel injector is con-
figured to, in the open state, inject fuel into a combustion
chamber of the internal combustion engine system.
[0053] Example 17: A vehicle comprising the fuel in-
jector according to any one of examples 1‑15 or the
internal combustionenginesystemaccording toexample
16.
[0054] The terminology used herein is for the purpose
of describing particular aspects only and is not intended
to be limiting of the disclosure. As used herein, the
singular forms "a," "an," and "the" are intended to include
the plural forms as well, unless the context clearly in-
dicates otherwise. As used herein, the term "and/or"
includes any and all combinations of one or more of
the associated listed items. It will be further understood
that the terms "comprises," "comprising," "includes," an-
d/or "including"whenusedherein specify thepresenceof
stated features, integers, actions, steps, operations, ele-
ments, and/or components, but do not preclude the pre-
sence or addition of one ormore other features, integers,
actions, steps, operations, elements, components, an-
d/or groups thereof.
[0055] It will be understood that, although the terms
first, second, etc.,maybeusedherein todescribevarious
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one
element from another. For example, a first element could
be termed a second element, and, similarly, a second
element couldbe termedafirst elementwithout departing
from the scope of the present disclosure.
[0056] Relative terms such as "below" or "above" or
"upper"or "lower" or "horizontal" or "vertical"maybeused
herein to describe a relationship of one element to an-
other element as illustrated in the Figures. It will be
understood that these terms and those discussed above
are intended to encompass different orientations of the
device in addition to the orientation depicted in the Fig-
ures. It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, or intervening elements may be present.
In contrast, when an element is referred to as being
"directly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present.
[0057] Unless otherwise defined, all terms (including
technical andscientific terms)usedhereinhave thesame
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. It will be
further understood that terms used herein should be
interpreted as having a meaning consistent with their
meaning in the context of this specification and the re-
levant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0058] It is to beunderstood that the present disclosure
is not limited to the aspects described above and illu-
strated in the drawings; rather, the skilled person will
recognize that many changes and modifications may
be made within the scope of the present disclosure
and appended claims. In the drawings and specification,
there have been disclosed aspects for purposes of illus-
trationonly andnot for purposesof limitation, thescopeof
the disclosure being set forth in the following claims.

Claims

1. A fuel injector, comprising:

- a nozzle body having an inlet for receiving fuel
and an outlet for dispensing received fuel,
- a nozzle seat located within the nozzle body,
- a needle beingmovablewithin the nozzle body,
selectively towards and away from the nozzle
seat, wherein the fuel injector has:

a closed state in which the needle is mated
with the nozzle seat to prevent fuel from
being dispensed from the nozzle body, and
an open state in which the needle is spaced
apart from the nozzle seat to allow fuel to be
dispensed from the nozzle body,

wherein the needle and the nozzle body have
mutually cooperating axial guide elements that
guide the needle along a geometrical longitudi-
nal axis of the needle,
wherein the guide elements present, with re-
spect to said longitudinal axis, a rotational play
between the needle and the nozzle body,
wherein a rotational stop is provided to limit the
rotational play,
wherein the fuel injector further comprises:

- a force transfer arrangement configured to
provide to the needle a rotational force re-
lative to said longitudinal axis, the rotational
force biasing the needle to assume a fixed
rotational position at said rotational stop
relative to the nozzle body in said closed
state of the fuel injector.

2. The fuel injector of claim1,wherein the force transfer
arrangement forms part of the needle in the form of
one or more angled peripheral surfaces of the nee-
dle, wherein kinetic energy of fuel flowing on said
angled peripheral surfaces results in said rotational
force being provided to the needle.

3. The fuel injector of anyoneof claims1‑2,wherein the
force transfer arrangement comprises one or more
grooves provided on the surface of the needle, the
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one or more grooves being tilted relative to said
longitudinal axis, wherein fuel flowing along the nee-
dle and on the tilted groove(s) provides for said
rotational force.

4. The fuel injector of claim1,wherein the force transfer
arrangement comprises a separate component
which subjects the needle to said rotational force.

5. The fuel injector of any one of claims 1 or 4, wherein
the force transfer arrangement comprises a resilient
element which subjects the needle to said rotational
force.

6. The fuel injector of claim 5, wherein the resilient
element is in the form of a torsion spring arranged
between the nozzle body and the needle, wherein
the torsion spring subjects the needle to said rota-
tional force.

7. The fuel injector of anyoneof claims1‑6,wherein the
mutually cooperating axial guide elements include
one or more protrusions cooperating with respective
recesses, wherein one of the nozzle body and the
needle is provided with said one or more protrusions
and the other one of the nozzle body and the needle
is provided with said respective recesses.

8. The fuel injector of anyoneof claims1‑7,wherein the
force transfer arrangement is configured to start
rotating the needle before it reaches the nozzle seat.

9. The fuel injector of anyoneof claims1‑8,wherein the
force transfer arrangement is configured to rotate the
needle to said fixed rotational position when the
needle has come into contact with the nozzle seat.

10. The fuel injector of any one of claims 1‑9, wherein
said rotational stop is a first mechanical stop against
continued rotation of the needle in one of a clockwise
and counter-clockwise direction, wherein the fuel
injection further comprises a second mechanical
stop against continued rotation of the needle in the
opposite one of said clockwise and counter-clock-
wise direction.

11. The fuel injector of any one of claims 1‑10, wherein
the fuel injector is normally in the closed state, and is
configured to become opened by an electrical signal
from an engine control module, ECM.

12. An internal combustion engine system comprising
the fuel injector according to any one of claims 1‑11,
wherein the fuel injector is configured to, in the open
state, inject fuel into a combustion chamber of the
internal combustion engine system.

13. A vehicle comprising the fuel injector according to

any one of claims 1‑11 or the internal combustion
engine system according to claim 12.
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