wo 20107122125 A2 || 0K 0RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

/25>, ) 0 O 0 0 O 00 O
A () )

i
(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

7
4
4 ]

(43) International Publication Date

ey
28 October 2010 (28.10.2010) PCT WO 2010/122125 A2
(51) International Patent Classification: 13, Bis Rue Du Bon Levrault, F-41350 Saint Claude De
FO2M 47/02 (2006.01) F02M 63/02 (2006.01) Diray (FR).
FO2M 55/02(2006.01) FO2M 63/00 (2006.01) (74) Agent: GREGORY, John; Courteney Road, Gillingham
F02M 55/04 (2006.01) Kent MES ORU (GB)
(21) International Application Number:PCT JEP2010/055390 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
22 April 2010 (22.04.2010) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
- . DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
L. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
09158532.3 22 April 2009 (22.04.2009) EP SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): DEL- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
PHI TECHNOLOGIES HOLDING S.A-R.L. [LU/LUJ; (84) Designated States (unless otherwise indicated, for every
Avenue de Luxembourg, L-4940 Bascharage (LU). kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: and GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(75) Inventors/Applicants (for US only): LECLUSE, Eric ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,

[FR/FR]; 40, Rue De Vendome, F-41100 Pezou (FR).
ENTERS, Richard [FR/FR]; 12, Rue Francois Villon,
F-41350 Vineuil (FR). BIMBENET, Bruno [FR/FR];

[Continued on next page]

(54) Title: FUEL INJECTOR

(57) Abstract: A fuel injector for an internal combustion engine, the
fuel injector comprising: an injector body of substantially elongate form

fffffff 77 /}}“‘\\}
//// -

7 S 1/26

L

and defining an injector body axis; an injector nozzle disposed at one
end of the injector body; and a plurality of element connector means for
providing fluid and/or electrical connection into and/or out of the fuel
injector wherein at least some of the element connector means are ar-
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ranged to be rotatable relative to one another about the injector body
axis.
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FUEL INJECTOR

Technical Field of the Invention

The present invention relates to the field of fuel injectors. In particular, the present
invention relates to an improved fuel injector where the injector needle is controlled by

an external command, e.g. a solenoid.

Background to the Invention

A known fuel injector is shown in Figure 1 and the operation of such an injector is

described in Figures 2a to 2e.

Turning to Figure 1, a solenoid controlled fuel injector 1 is shown. The injector 1, which is
generally elongate in form and which defines a longitudinal axis that runs the length of

the injector, comprises an injector body 3 (also sometimes referred to as a nozzle holder
body) and an injector nozzle 5 comprising a plurality of nozzle holes (not shown) that are

arranged in use to inject fuel into a combustion chamber (not shown).

Within the injector body 3 is provided a fuel supply passage 7 which receives fuel under
high pressure from a high pressure fuel pump 9 . The pump is supplied by a fuel

reservoir 11.

Also located within the injector body 3 is a solenoid, of which the bobbin 13 (windings of
the solenoid) is shown in Figure 1. Electrical connections 15 pass through the length of

the injector body 3 to the solenoid.

A backleak return path 17 is also provided within the injector body 3 through which fuel

at low pressure may pass, in use, as described below in relation to Figures 2a to 2e.

It is noted that the main longitudinal axis 19 of the injector nozzle 5 (and injector body 3)
is offset from the longitudinal axis 21 of the solenoid in this fuel injector 1, the offset

being referred to as the “Lift” in Figure 1. The internal flow paths and mechanism of the
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fuel injector, the “hydraulic command” components, are described in more detail in

Figure 2 and are generally referred to as feature 23 in Figure 1.

It is noted that the injector nozzle 5 is held on the end of the injector body by virtue of a

compressive load applied by a capnut 25.

Figures 2a to 2e show the working principle of the injector 1 of Figure 1. In Figure 2 the
internal mechanism of feature 23 is shown. It can be seen that the fuel supply passage 7
extends down through the injector 1 to the injection nozzle 5. Paths on an injection
needle 27 and chambers within the injector body 3 allow high pressure fuel to flow down

a bore 29 in the injection nozzle bore to the tip of the needle 27.

In the position shown in Figure 2a the needle 27 is seated against the nozzle 5 and no
fuel is able to pass through the nozzle hole 31. It is noted that high pressure fuel within

the nozzle bore 29 acts on surfaces of the injector needle 27 to exert an upward force.

High pressure fuel also flows through a valve 33 into a spring chamber 35 above the
needle 27. The fuel in this chamber therefore exerts a downwards force on the needle.
Also within the chamber is a spring 37 which acts to urge the needle in a downward

direction towards the seated position.

A control valve 39 is located above the spring chamber 35 and below the solenoid 41. In
Figure 2a this valve is closed. Low pressure fuel is located in the backleak return path
17.

In Figure 2b the solenoid controlled valve 39 has been opened. It is noted that the
pressure within the spring chamber 35 has now dropped. The force exerted by the fuel
within the chamber and the spring itself is still sufficient however to hold the needle in

place in its seated position.

The pressure within the spring chamber 35 drops further as fuel spills down the backleak
path 17 to the low pressure reservoir until in Figure 2¢ the injector needle lifts from its

seat to allow fuel to be injected through the nozzle hole(s) 31.
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In Figure 2d the control valve 39 has been closed again and the pressure within the
spring chamber 35 increases. As the pressure increases, the needle begins to close

until, in Figure 2e, the needle returns to its seated position and fuel injection ceases.

In the arrangement of Figures 1 and 2 it is noted that the size of the fuel supply pathway
7 is limited by the external dimensions of the injector nozzle 5, the nozzle holder body
and the size of the actuator 41 (e.g. solenoid). In a diesel engine environment, and for
this typical architecture, the volume of the high pressure fuel pathway is in the region of
1-1.5 cc.

It is noted that increasing the volume of the high pressure fuel line would aid in
optimizing the operation of the injector. It is therefore an object of the present invention
to provide a fuel injector having a high pressure fuel line with a greater volume than

known fuel injectors.

In the example of Figure 1, it is noted that the high pressure inlet (connected to the
pump 9) and the electrical connections 15 are arranged on the same side of the injector
body. Depending on the configuration of the engine system into which the fuel injector is
incorporated it would be desirable to be able to alter the positioning of these
“connection” points. It is therefore also an object of the present invention to provide a
fuel injector which can be reconfigured depending on the engine system into which it is

incorporated.

Summary of the Invention

According to a first aspect of the present invention there is provided a fuel injector for an
internal combustion engine, the fuel injector comprising: an injector body of substantially
elongate form and defining an injector body axis; an injector nozzle disposed at one end
of the injector body; and a plurality of element connector means for providing fluid and/or
electrical connection into and/or out of the fuel injector wherein at least some of the

element connector means are arranged to be rotatable relative to one another about the

injector body axis.

As noted above, known fuel injector arrangements are limited since the orientation of the
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various components is fixed. However, in the present invention the fuel injector
comprises a plurality of element connector means (e.g. a high pressure inlet, low
pressure outlet, electrical connection point), at least some of which are arranged to be
rotatable relative to one another about the injector body axis. In this manner the
connection points into the fuel injector (e.g. fuel inlets and outlets and electrical
connection points) can be moved relative to one another thereby allowing the injector to

be re-configured.

Conveniently, the element connector means may comprise a high pressure inlet (to
supply high pressure fuel to a high pressure fuel supply passage and a low pressure
outlet (to allow fuel returning from a backleak return fuel path to be removed from the

injector), the inlet and outlet being rotatable relative to one another.

Conveniently, the plurality of element connector means may comprise at least one fuel
related element connector means (e.g. a fuel inlet or a fuel outlet) that is rotatable about

the injector body axis.

Conveniently, all of the element connector means may be rotatable about the injector

body axis.

The fuel injector may further comprise a plurality of elements (e.g. internal electrical and
hydraulic components and features such as electrical connections, fuel supply passages
and fuel backleak returns) located at least in part within the injector body, each of the
plurality of elements being in communication with an element connector means (e.g. a

high pressure inlet, low pressure outlet, electrical connection point).

Elements (or “injector elements”) may be located either entirely within the injector body
or alternatively may be located in part within the injector body. For example, a backleak
return fuel path may run from the injector nozzle through the inside of the injector body to
a component such as an end cap which is located at the end of the injector body
opposite to the injector nozzle. In this example, a low pressure fuel outlet may be formed
in the surface of the end cap arrangement such that the outlet is in communication with
the injector nozzle via the backleak return path which runs partially through the end cap

arrangement and partially within the injector body. The injector element in this example
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may therefore be regarded as located at least in part within the injector body. In an
alternative example a fuel supply passage may be located entirely within the injector
body such that at one end it is in communication with the injector nozzle and at the other
end it is in communication with a high pressure inlet which is a separate component to

the injector body.

It is noted that more than one element may be in communication with the same element
connector means. For example, an actuator arrangement would be in communication

with an electrical connection point via electrical connections within the fuel injector.

Conveniently in order to allow the element connector means to be rotated relative to one
another the elements may be distributed axially about the injector body axis.

Conveniently, one of the elements may be distributed along the injector body axis.

Preferably, one of the elements is a fuel supply passage which may conveniently be
annularly arranged about the injector body axis. In this example, the present invention
therefore provides a fuel injector in which the fuel supply passage arrangement is axially
distributed around the main axis (the longitudinal axis) of the injector body. The fuel
supply passage arrangement may comprise an annular space around the axis or
alternatively may comprise a plurality of fuel pathways arranged about the main axis. It is
noted that the term “fuel supply passage arrangement” is regarded as equivalent in the

following description to the terms “fuel supply line”, “fuel supply pathway” or “fuel supply

passage”.

An axial configuration for the fuel injector enables a larger volume of fuel supply pathway
to be provided within a given fuel injector. Conveniently, any elements within the injector,
e.g. control actuator for the injector nozzle, fuel backleak pathways, electrical
connections etc., may be located such that they are enclosed by the high pressure fuel

pathway.

It has been found that the axial fuel injector configuration according to embodiments of
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the present invention significantly increases the volume of the high pressure fuel supply
line. For example, taking the known fuel injector as described with reference to Figure 1
an increase in the volume of the high pressure fuel supply line upto around 3cc has been

achieved.

Such an increase in volume of the high pressure fuel supply line has a number of
advantages. For example, the increase in volume within the injector can improve the
injection rate that is achievable from the injector. The capability of the injector to handle

multiple injections may also be improved.

In a common rail system, the ability to increase the volume of the high pressure supply
line may also enable the volume of the common rail to be reduced. In some cases, it
may even be possible to remove the rail entirely since the high pressure volume can
effectively be located within the fuel injector itself. This may offer significant benefits in

the ability to design and arrange an engine system.

A further advantage of an increased volume fuel supply line in accordance with
embodiments of the present invention is the ability to install features within the injector to

reduce the effect of pressure waves within the fuel pathways.

Further preferred features and advantages to the present invention are described below.

The fuel injector may conveniently further comprise a needle member which is
engageable with a needle seating to control fuel delivery from the injector nozzle and an
actuator arrangement to control movement of the needle member, wherein the actuator
arrangement and injector body define a common axis. Conveniently, in such a
configuration the fuel supply passage arrangement may surround the actuator

arrangement.

Conveniently, the fuel supply passage arrangement may be arranged to extend parallel

to the main axis of the injector body.

Preferably, the fuel supply passage arrangement may be arranged to completely encircle

the injector axis. The cross section of the fuel supply passage arrangement may take
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any convenient configuration but conveniently, it forms an annular sheath within the
body of the injector (i.e. an annular space is defined within the injector body for the

supply of fuel in use to the injector nozzle).

Where the fuel supply passage arrangement defines such an annular space within the
injector body then preferably the fuel supply passage arrangement may be located within

the injector body in such a manner that its axis is common with that of the injector body.

It is noted that the axial arrangement of the fuel passage allows components to be
mounted on a common axis with the injector body. Depending on the arrangement of
components within the injector body this may provide the advantage that forces acting

on the injector body are reduced compared to prior art arrangements.

Conveniently, the elements may be arranged such that one element is arranged along
the injector body axis with the remaining elements being annularly arranged about the

injector body axis such that they are concentrically mounted with respect to one another.

It is further noted that mounting elements of the injector along or about the injector axis
has the benefit that the orientation of inlet and outlet orifices to these elements may be
orientated at any convenient angle about the main injector axis. In prior art injectors, the
asymmetric nature of the injector elements may lead to restrictions on the placement of
the associated inlet or outlets. In embodiments of the present invention by contrast, the
elements may be loaded down the injector from an opening in the top and may
essentially be concentrically mounted so that the associated inlet or outlets can be
rotated to any desired orientation. This has benefits in engine design as there is flexibility
in the arrangement of the injector. It may also benefit the angular location of the injector

nozzle holes by reducing the tolerance stack up.

The internal elements of the fuel injector may also further comprise a backleak return
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fuel path arranged in use to return fuel from the hydraulic command/injector nozzle to a
fuel reservoir; an electrically controlled actuator arrangement for controlling fuel supply
through the injector nozzle; and electrical connections arranged to connect the actuator
arrangement to a control unit wherein the backleak return path, actuator arrangement

and electrical connections may be arranged either parallel to or along the injector body

axis.

Conveniently, the fuel supply passage may be associated with a high pressure fuel inlet,
the backleak return path may be associated with a low pressure fuel outlet and the
electrical connections may be associated with an electrical connection point. The fuel
supply passage arrangement may in such an injector be arranged to surround the
backleak return path, actuator arrangement and electrical connections. The elements

may be mounted concentrically relative to one another.

It is noted that the high pressure inlet may conveniently be integrally formed with the
injector body. Such an arrangement has the advantage of simplifying the sealing

function at the high pressure inlet.

Conveniently, the injector body may define a bore, the bore having an open first end and
a partially closed second end, the second end comprising an opening through which the

injector nozzle projects.

Conveniently, one of the plurality of elements may be a fuel supply passage and a first
surface of the fuel supply passage may be defined by the injector body and a second
surface of the fuel supply passage may be defined by a high pressure sleeve, the sleeve
being arranged such that, in use, sleeve generated loadings seal the fuel supply
passage at the partially closed end. Conveniently, at least one of the plurality of
elements may abut and be held in place by the partially closed end of injector body. The
plurality of elements may also be arranged to be urged towards the partially closed end

by sleeve generated loadings.

In such a fuel injector configuration a first end of the injector body may have an opening
through which the injector nozzle projects and the injector body may define a bore within

which the high pressure sleeve is located, an annular gap between the sleeve and
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injector body defining the fuel supply passage arrangement. It is further noted that in
such a configuration the high pressure sleeve may be arranged to apply a load on the

injector body and injector nozzle in order to seal the fuel injector.

The fuel injector may further comprise a capnut arranged to secure the injector nozzle to
the injector body. Alternatively, as noted above, the presence of the axially distributed
supply passage of the present invention may be realized by the presence of a high
pressure sleeve of material within the injector body. This sleeve may be arranged such
that it can apply a compressive loading between the injector body and the injector nozzle
thereby allowing a variant of the injector to be designed that does not require a capnut to

hold the various elements together.

The fuel injector may also comprise an end cap arrangement located at the end of the
injector body opposite to the injector nozzle. The end cap arrangement may further
comprise features that extend from the injector body (e.g. an electrical connection to an
actuator arrangement may pass through the injector body into the end cap
arrangement). Some of the element connector means may be located on or in the end
cap arrangement (e.g. in the above example the electrical connections may be in
communication with an electrical connection point mounted on the end cap

arrangement).

According to a second aspect of the present invention there is provided a method of
assembling a fuel injector comprising providing an injector body defining a bore, the
injector body having an open end and a partially closed end, the partially closed end
comprising an opening dimensioned to receive an injection nozzle, the method
comprising: inserting an injection nozzle into the open end of the bore and through the
opening in the partially closed end of the injector body; inserting a plurality of elements
of the fuel injector into the bore via the open end; fixing an end cap arrangement to the

open end of the injector body.

The present invention comprises a fuel injector configuration which advantageously
allows elements to be loaded down the injector from an opening in the top. A partially
closed end of the injector bore is arranged to retain the elements in place thereby

removing the need for a capnut.
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Preferably, the injector body may define an injector body axis and the internal elements
may be annularly arranged about the injector body axis. This allows the elements to be
concentrically mounted so that their associated inlet or outlets may be rotated to any
desired orientation. This has benefits in engine design as there is flexibility in the

arrangement of the injector.

Conveniently the fuel injector may comprise a plurality of element connector means for

providing fluid and/or electrical connection into/out of the fuel injector.

Preferably the method further comprises rotating at least one element connector means
about the injector body axis until a desired orientation of the element connector means is

achieved.

According to a third aspect therefore the present invention provides for a fuel injector for
an internal combustion engine, the fuel injector comprising: an injector body of
substantially elongate form and defining an injector body axis; an injector nozzle
disposed at one end of the injector body and a fuel supply passage arrangement defined
in the injector body and in fluid communication with the injector nozzle, the fuel supply
passage arrangement arranged in use to contain fuel under high pressure; and wherein

the fuel supply passage arrangement is axially distributed around the injector body axis.

According to a fourth aspect of the present invention there is provided a fuel injector for
an internal combustion engine, the fuel injector comprising: an injector body of
substantially elongate form and defining an injector body axis; an injector nozzle
disposed at one end of the injector body; and a plurality of elements located, at least in
part, within the injector body, wherein the plurality of elements are arranged axially about

the injector body axis.

Conveniently, the plurality of elements may be arranged concentrically. The fuel injector
may also further comprise a plurality of element connector means for providing fluid
and/or electrical connection into and/or out of the fuel injector wherein at least some of

the element connector means are arranged to be rotatable relative to one another about
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the injector body axis.

The plurality of elements may comprise a high pressure supply passage, a backleak
return fuel path, an electrically controlled actuator arrangement for controlling fuel supply
through the injector nozzle; and electrical connections arranged to connect the actuator

arrangement to a control unit.

It is noted that preferred features of the first aspect of the present invention may apply to

the second, third and fourth aspects of the present invention.

Brief Description of Drawings

In order that the invention may be more readily understood, reference will now be made,

by way of example, to the accompanying drawings in which:

Figure 1 shows a known fuel injector;

Figures 2a to 2e illustrate the working principle of a known fuel injector;

Figure 3 shows a fuel injector in accordance with an embodiment of the present

invention;

Figure 4 shows a fuel injector in accordance with a further embodiment of the present

invention;

Figures 5 to 7 show cross sections through a fuel injector in accordance with

embodiments of the present invention;

Figure 8 shows an alternative arrangement for a fuel supply passage that may be used

in accordance with embodiments of the present invention

Figure 9 shows a fuel injector in accordance with a yet further embodiment of the

present invention;
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Figure 10 shows a variation of the fuel injector of Figure 3;

Figures 11 and 12 show a variation of the cross sections of Figures 5 and 6.

Detailed Description of Preferred Embodiments of the present invention

In the following description it is noted that references to “fuel supply passage” or “fuel
pathway” are equivalent to the terms “fuel supply passage arrangement” or “fuel supply

line”.

Figures 3 to 12 show fuel injectors in accordance with embodiments of the present

invention. It is noted that like numerals denote like features within the drawings.

As can be seen from Figures 3 and 4 the fuel injector 100 in accordance with the present
invention has an axial design. The fuel supply passage 8 now comprises a substantially
annular configuration along the longitudinal axis 19 of the injector 1/injector body 3 such
that the high pressure fuel supply passage 8 surrounds the solenoid 41, hydraulic control
components 23 and the backleak return 17. It is noted that the longitudinal axis 21 of the
solenoid is now coincident with the axis 19 of the injector. The pathway 8 is supplied by
the high pressure pump 9 (not shown in Figure 3) as before via a high pressure inlet
101.

Considering the arrangement of Figure 3 in more detail now, it is noted that the injector
body 3 now comprises an annular high pressure fuel supply passage 8 which surrounds
and is separated from the backleak return 17 by a high pressure sleeve 102 of high

strength steel.

In the arrangement of Figure 3 the backleak return pathway 17 also has an annular
configuration and, at the region 104 of the injector body 3, this surrounds the solenoid 41
which is located coincident with the injector body axis 19. As depicted in Figure 3 the
electrical connections 15 to the solenoid are now located in the region 106 of the injector
body 3 along the axis 19 of the injector body. It is noted that the backleak return pathway

17 also surrounds the electrical connections 15 in this upper region 106, the return
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pathway 17 and electrical connections 15 being separated by a low pressure sleeve 108
which may be constructed from steel or other suitable materials (for example, a suitable

plastics material).

In contrast to the arrangement of Figure 1, the fuel injector of Figure 3 does not comprise
a capnut. In the arrangement of Figure 3, the injector body 3 is formed with a bore 110
having one open end 112 and one end 114 which is partially closed by an element 116
which comprises an opening 118 (It is noted that in the embodiment of Figure 3, feature
116 is integral with the injector body 3). The opening 118 is larger than the injector
nozzle 5 but smaller than the diameter of the hydraulic command unit 23. It is also noted
that element 116 provides surfaces to receive the internal components which are

inserted into the bore 110 of the injector body from the top.

In the arrangement of Figure 3, contact pressures at the interfaces between various
components of the fuel injector are generated by virtue of the load applied from the top
of the injector body by the high pressure sleeve 102. It is noted that the high pressure
sleeve-generated loadings provide a sealing function to prevent high pressure fuel from
leaking from the partially closed end 114 of the injector body. It is also noted that with
appropriate design of the internal components of the injector, the contact pressure at the
sealing surface may be linked to the internal pressure within the fuel injector. It is also
noted that the high pressure sleeve 102 applies load onto the hydraulic command
component 23 thereby achieving a seal between the high pressure fuel passage 8 and

the backleak return 17.

Low pressure sealing is provided at end 112 of the injector body 3 by means of an O-

ring type seal 120 between the injector body 3 and an end cap arrangement 201.

Figure 4 shows a variation of an injector in accordance with an embodiment of the
present invention in which a capnut sealing arrangement is used. It can be seen in this
variation that the high pressure fuel pathway 8 terminates on a surface of the hydraulic
command unit 23 as opposed to the arrangement 116 of Figure 3. It is further noted that
the hydraulic command unit 23 of Figure 4 is a two part arrangement comprising a top
portion 23a and a bottom portion 23b , the bottom portion of the unit having a larger

diameter than the top portion.
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In the Figure 4 variation of the injector, a first load is applied from the bottom of the
injector to the top of the injector by the action of the capnut 25. This first load generates
a contact pressure between the injector body 3 and the injector nozzle 5 to prevent
leakage. A second load is applied from the top of the injector by the high pressure
sleeve 102 acting on the hydraulic command unit 23 and it is noted that this second load
reduces the global load between the injector body 3 and the injection nozzle 5 thereby
making sealing of the injector 100 more difficult compared to the Figure 3 arrangement
(the second load is however necessary to prevent leakages between the high pressure

passage and the backleak region 17).

In both Figure 3 and Figure 4 the backleak return pathway 17 branches at point 122 into
two separate portions. Pathway 124, which is located within the end cap arrangement
201, is in communication with backleak outlet orifice 126 and pathway 128 terminates at
sealing ring 120. The purpose of pathway 128 is to provide a volume to collect fuel that
may potentially leak from the high pressure pathway along the high pressure sleeve

threads.

The fuel injectors according to the embodiments of the invention shown in Figures 3 and
4 comprise an axial based design for the various components of the injector. As a result
of this axial arrangement the electrical 15 and backleak flow 17 components are
independent of the high pressure fuel connection and as a result the inlet and outlet
connections to the various fuel supply passages and electrical connections can be
configured in any given orientation needed to fit the injector within a chosen engine
environment. Such flexibility in the design advantageously improves the ability to fit the

injector within a range of engine designs.

The flexible nature of the invention which is the subject of the present invention is
illustrated with respect to the two cross section slices that have been taken through the
fuel injectors of Figures 3 and 4. It is noted that the same cross section slices have been

taken in each Figure and these have been marked up as section A-A and B-B.

Figure 5 shows section A-A looking along the fuel injector in the direction of the arrows

A. It can be seen from Figures 3, 4 and 5 that section A-A is taken through the high
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pressure inlet 101, high pressure sleeve 102, backleak return pathway 17, low pressure
sleeve 108 and electrical connections 15. From Figure 5 it is clear that due to the
annular configuration of the high pressure fuel pathway 8, the high pressure inlet 101

may take any orientation desired about the injector main axis 19.

Figure 6 shows section B-B looking along the fuel injector in the direction of the arrows
B. It can be seen from Figures 3, 4 and 5 that section B-B is taken through the backleak
return outlet 126. Although axially spaced from the backleak return outlet, Figure 6
additionally shows the orientation of the electrical connection inlet/outlet 130 (electrical
connection point 130) about the injector main axis 19. It can be seen from Figure 6 that
due to the annular configuration of these components and the fact that they are spaced
apart along the main axis, they may be orientated to any required position about the

main axis (indicated by angles ¥y and 3 in Figure 6).

Figure 7 shows a view of the fuel injector down the main injector axis from the top
towards the injection nozzle. The various inlets and outlets (the “element connector
means”), namely the high pressure fuel inlet 101, the backleak return outlet 126 and the
electrical connections inlet/outlet 130, are visible and the various angles between each
of these components are also depicted. As is clear from Figure 7 these components are
orientated in a different arrangement to those of Figures 5 and 6 thereby highlighting the

flexibility of the present invention.

Although Figures 3 to 7 show an annular configuration for the high pressure fuel
pathway 8 and the backleak return path 17 it is to be appreciated that other
arrangements may be possible. An alternative arrangement for the high pressure fuel
pathway is shown in Figure 8 comprising two circular (annular) pathways 132, 134 which
are interconnected by a plurality of connecting passage ways 136. In a further alternative
arrangement (not shown in the Figure) a single circular pathway (such as132) only may
be provided which is connected to one or more connecting passage ways (such as 136)

which are in turn in fluid communication with the injector nozzle.

Similar alternative arrangements (whereby an element is in communication with an
element connector means via an annular feature such as an annular passage or annular

gallery) may be used for any of the elements within the fuel injector. For example, the
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backleak return fuel return 17 may comprise a straight drilling through the injector body
which is in turn connected to an annular passage or gallery in the vicinity of a low
pressure outlet such that the outlet is in fluid communication with the backleak return via

the annular passage or gallery.

Figure 9 shows a yet further embodiment of the present invention. It is noted that this
embodiment is similar to that of Figure 3 and the differences between Figures 3 and 9

are discussed below.

In Figure 3 it can be seen that the high pressure inlet 101 is a separate component 150
from the nozzle body holder 3. Sealing ring 152 is provided to seal the contact surface

between the component 150 and the injector body 3.

In Figure 9, in contrast to Figure 3, the high pressure inlet 101 is integrally formed with

the injector body 3.

It is noted that, compared to the arrangement of Figure 9, the arrangement of Figure 3 (a
so-called “banjo connector” arrangement) simplifies the process of forming the injector

body 3 (which can be a cylinder without any complex features).

It is further noted that, compared to the arrangement of Figure 3, the arrangement of

Figure 9 simplifies the sealing function at the high pressure inlet 101.

A still further embodiment of a fuel injector in accordance with an embodiment of the
present invention is shown in Figure 10. The injector shown is similar to that of Figure 3

and the differences between Figures 3 and 10 are discussed below.

In the injector of Figure 10 two annular galleries (203, 205) are provided. Annular gallery
203 is formed on the injector body 3. Annular gallery 205 is formed in the end cap
arrangement 201. It is further noted that annular gallery 203 may be seen in the cross
section shown in Figure 11. Annular gallery 205 may be seen in the cross section

through the injector shown in Figure 12.
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Whether the fuel injector comprises an annular gallery or not may determine the manner

in which the element connector means may be rotated relative to one another.

For example in the arrangement shown in Figures 3, 4, 5 and 6 if it is desired to alter the
relative angular position of the backleak return outlet 126 to the high pressure inlet 101

(in other words if it is desired to alter the angle y plus ), then the end cap arrangement

201 may be rotated relative to the injector body 3.

However, by contrast, in the arrangement shown in Figures 10, 11 and 12 the presence
of the annular gallery 205 means that the backleak return outlet 126 may be rotated
relative to the end cap arrangement 201 into any desired configuration (and still be in
fluid communication with the backleak return fuel path 17). This also means that the
relative angular position of the outlet 126 and the electrical connection point 130 may be

rotated into any desired configuration in Figure 10.

The presence of the annular gallery 203 also means that the high pressure inlet 101 may
be rotated about the injector body axis relative to the injector body 3 (and still be in fluid

communication with the high pressure fuel passage 3).

In a further variation of the above embodiments the electrical connection point 130 may
be received within an arcuate slot in the end cap arrangement 201. In this manner the
electrical connection point may be allowed limited annular movement about the injector
body axis 19. In a yet further variation the low pressure sleeve 108 may be integrally
formed with the end cap arrangement 201. In this yet further variation if the end cap
arrangement 201 is rotated in order to vary the angular position of the element connector

means then the low pressure sleeve will also rotate within the injector body 3.

The electrical connection point may also be arranged to be freely rotatable relative to the
end cap arrangement 201. In such a variation the electrical connection point 130 may
form the upper surface of the fuel injector. It is noted that the electrical connections 15
pass through a bore defined by the inner surface of the low pressure sleeve 108 into a
similarly dimensioned bore within the end cap arrangement 201. In order to adequately

seal this space from the engine system the radial extent of the electrical connection point
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130 shown in Figure 3, for example, may be increased such that the lower surface of the

connection point 130 completely covers the bore below.

It will be understood that the embodiments described above are given by way of
example only and are not intended to limit the invention, the scope of which is defined in
the appended claims. It will also be understood that the embodiments described may be

used individually or in combination.
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CLAIMS

1. A fuel injector for an internal combustion engine, the fuel injector comprising:

an injector body (3) of substantially elongate form and defining an injector body
axis (19);

an injector nozzle (5) disposed at one end of the injector body; and

a plurality of element connector means for providing fluid and/or electrical
connection into and/or out of the fuel injector

wherein at least some of the element connector means (101, 126, 130) are

arranged to be rotatable relative to one another about the injector body axis (19).

2. A fuel injector as claimed in Claim 1, wherein the plurality of element connector
means comprises a high pressure fuel inlet (101) and a low pressure fuel outlet (126),

the inlet and outlet being rotatable relative to one another.

3. A fuel injector as claimed in Claim 1 or 2, wherein the plurality of element
connector means comprises at least one fuel related element connector means that is

rotatable about the injector body axis.

4. An injector as claimed in any one of Claims 1 to 3, wherein each of the element

connector means are rotatable about the injector body axis.

5. A fuel injector as claimed in any preceding claim, further comprising a plurality of
elements (8, 41,15, 17, 23) located at least in part within the injector body, each of the

plurality of elements being in communication with an element connector means.

6. A fuel injector as claimed in Claim 5, wherein the elements within the injector

body are arranged axially about the injector body axis.

7. A fuel injector as claimed in Claim 5 or 6, further comprising an element that is

disposed along the injector body axis.
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8. A fuel injector as claimed in any one of Claims 5 to 7, wherein one of the plurality
of elements is a fuel supply passage (8).
9. A fuel injector as claimed in Claim 8, wherein the fuel supply passage is arranged

annularly about the injector body axis (19).

10. A fuel injector as claimed in any one of Claims 5 to 9, further comprising a needle
member which is engageable with a needle seating to control fuel delivery from the
injector nozzle and an actuator arrangement (13) to control movement of the needle

member, wherein the actuator arrangement and injector body define a common axis.

11. A fuel injector as claimed in Claim 10, wherein the fuel supply passage surrounds

the actuator arrangement.

12. An injector as claimed in any one of claims 5 to 11, wherein the plurality of
elements further comprises a backleak return fuel path (17) arranged in use to return fuel
to a fuel reservoir; an electrically controlled actuator arrangement (13) for controlling fuel
supply through the injector nozzle; and electrical connections (15) arranged to connect

the actuator arrangement to a control unit.

13. An injector as claimed in Claim 12, wherein the backleak return path, actuator
arrangement and electrical connections are arranged either annularly about or along the

injector body axis.

14. An injector as claimed in Claim 12 or 13, wherein the connector means of the fuel
supply passage is a high pressure fuel inlet, the connector means of the backleak return
is a low pressure fuel outlet and the connector means of the electrical connections is an

electrical connection point.

15. An injector as claimed in any one of Claims 12 to 14, wherein the fuel supply

passage arrangement surrounds the backleak return path, actuator arrangement and
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electrical connections.

16. An injector as claimed in any one of Claims 12 to 15, wherein the plurality of

elements are concentrically mounted.

17. An injector as claimed in any one of Claims 14 to 16, wherein the high pressure

inlet is integrally formed with injector body.

18. An injector as claimed in any one of Claims 5 to 17 wherein the injector body
defines a bore (110), the bore having an open first end (112) and a partially closed
second end (114), the second end comprising an opening (118) through which the

injector nozzle projects.

19. An injector as claimed in any Claim 18, wherein one of the plurality of elements is
a fuel supply passage and a first surface of the fuel supply passage is defined by the
injector body and a second surface of the fuel supply passage is defined by a high
pressure sleeve (102), the sleeve being arranged such that, in use, sleeve generated

loadings seal the fuel supply passage at the partially closed end.

20. An injector as claimed in Claim 18 or 19, wherein at least one of the plurality of

elements abuts and is held in place by the partially closed end (114) of injector body.

21. An injector as claimed in Claim 20, wherein the plurality of elements are arranged

to be urged towards the partially closed end by sleeve generated loadings.

22. A fuel injector as claimed in any one of Claims 5 to 21, wherein a first end of the
injector body has an opening (119) through which the injector nozzle (5) projects and
wherein the injector body defines a bore (110) within which a high pressure sleeve (102)
is located, an annular gap between the sleeve and injector body defining a fuel supply

passage (8).

23. A fuel injector as claimed in Claim 22, wherein the high pressure sleeve is
arranged to apply a load on the injector body and injector nozzle in order to seal the fuel

injector.
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24. A fuel injector as claimed in any one of Claims 1 to 23, further comprising a

capnut (25) arranged to secure the injector nozzle to the injector body.

25. A fuel injector as claimed in any preceding claim, further comprising an end cap

arrangement (201) located at an end of the injector body remote from the injector nozzle.

26. A fuel injector as claimed in Claim 25, wherein at least one element connector

means is located on the end cap arrangement.

27. A method of assembling a fuel injector comprising providing an injector body
defining a bore, the injector body having an open end (112) and a partially closed end
(114), the partially closed end comprising an opening (118) dimensioned to receive an
injector nozzle (5), the method comprising
inserting an injector nozzle into the open end of the bore and through the
opening in the partially closed end of the injector body;
inserting a plurality of elements (8, 41,15, 17, 23) of the fuel injector into the
bore via the open end;

fixing an end cap arrangement (201) to the open end of the injector body.

28. A method as claimed in Claim 27, wherein the injector body defines an injector

body axis and the elements are annularly arranged about the injector body axis.

29. A method as claimed in Claim 27 or Claim 28, the fuel injector further comprising
a plurality of element connector means for providing fluid and/or electrical connection

into and/or out of the fuel injector.

30. A method as claimed in Claim 29, further comprising rotating at least one
element connector means relative to the injector body axis until a desired orientation of

the element connector means is achieved.

31. A method as claimed in any one of Claims 27 to 30, wherein the fuel injector

comprises the fuel injector of Claims 1 to 26.
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32. A fuel injector for an internal combustion engine, the fuel injector comprising:

an injector body (3) of substantially elongate form and defining an injector body
axis (19);

an injector nozzle (5) disposed at one end of the injector body; and

a fuel supply passage arrangement (8) defined in the injector body and in fluid
communication with the injector nozzle, the fuel supply passage arrangement arranged
in use to contain fuel under high pressure; and

wherein the fuel supply passage arrangement is axially distributed around the

injector body axis.

33. A fuel injector for an internal combustion engine, the fuel injector comprising:

an injector body (3) of substantially elongate form and defining an injector body
axis (19);

an injector nozzle (5) disposed at one end of the injector body; and

a plurality of elements (8, 41,15, 17, 23) located, at least in part, within the
injector body,

wherein the plurality of elements are arranged axially about the injector body axis
(19).

34. A fuel injector as claimed in Claim 33, wherein the plurality of elements are

arranged concentrically.

35. A fuel injector as claimed in Claim 33 or Claim 34, further comprising a plurality of
element connector means for providing fluid and/or electrical connection into and/or out
of the fuel injector wherein at least some of the element connector means are arranged

to be rotatable relative to one another about the injector body axis.

36. A fuel injector as claimed in any one of Claims 33 to 35, wherein the plurality of
elements comprises: a high pressure supply passage, a backleak return fuel path, an
electrically controlled actuator arrangement (13) for controlling fuel supply through the
injector nozzle; and electrical connections (15) arranged to connect the actuator

arrangement to a control unit.



PCT/EP2010/055390

WO 2010/122125

1/9

15

17

15

13
LIFT
25

\\ S

o

\

N
o
R

R

e K

i

R
/

*

X

7

-

R RS
7
/ %//,~

7

_

9

=

\\\\ _ A

.
\

i
w
i
] |
|
|
i
i

D\

~
=

DA
S

FIGURE 1



WO 2010/122125 PCT/EP2010/055390

2/9

£ [y YN IERRRA AR
b = R O]

| AN ’ N

A ey T
G oK LTSI TI RIS J’;&

, i ) ; L
l} e Ko S -]
R Q)

31

ey ¢

st i i S

FIGURE 2d

31

X K e = T e, il
ii o \rdm}m‘-im*: -V@E\g\ ﬁ:;.“ L LR :M‘a

FIGURE 2¢c

N~

FIGURE 2b

FIGURE 2a




PCT/EP2010/055390

WO 2010/122125

3/9

© <t
. PN
~ ~
« > >
. | |
N o]
Al A ol
= o~~~
[ap]
N N
~ 10 ~ —
n -~ 004 N
<
& 8 Al
-

P~
—— < \

U .wﬁi
o X ..h% 5 ./.N R .io. z/A .

N\

Y NN v

. S S
i > A
\\\ 7 e A /y% éf//é,//“?%//ﬁ%%/x/«/f E
. | ,
2 o
o
A

R R N N

EEE

S
AR

ST

o
© ™~

150

101
100

FIGURE 3



PCT/EP2010/055390

4/9

WO 2010/122125

— <
|
i

T, .\.\_W\\\. 7 :m&w

s

JEE - g O Tt ittt el Bttt S .

m\\\\\\ SN (\%////7% nmMMararhrhrh ruuD,h: r e hr r s
: I : =
v \ g%%x TS

7|

/ 7 % /5%%%? TSR ,,fé/,x%??,,///, v
| Vdi/ , 4 /
= | ” &
| / “
i 7 3
o Z :

FIGURE 4

25



WO 2010/122125 PCT/EP2010/055390

5/9

FIGURE 5

FIGURE 6

126

FIGURE 7



WO 2010/122125 PCT/EP2010/055390

6/9

134

FIGURE 8



PCT/EP2010/055390

WO 2010/122125

7/9

126

201

130

— -4
.f./ﬂ/ Ny . T R T T RIS
- RS BRI AR AR IRINEEN
o 3 fx/ % //f////m i} v\\N\\M\\ : R
~ .

124

T

N A
P f%fﬁg o \\\“\N\\\\\\ R R e

. 1
,..xfw,,/,, R R S R R AR GRANS

1

3 NS
//zﬁ/ MM/ i ,W
,/!f»/. p../u..h...a _ N
L /,? xﬂm,,,/ A

m et I NJ/
i N R

101
\_/
17
8

9
11
\v

FIGURE 9



PCT/EP2010/055390

WO 2010/122125

8/9

106

104

-
<

!

120

0

+

o
-
—

[k

41 (13)

M~
) \

1‘
(&

I

,x.\w....w\ﬂ\“. NS
] /

..... =1

% . 277 ; N OOSOOEOCSSHNSy
;] | 4 [ 4 \
\ \ \\“\\\&\%4// ////»#%ﬂ///ﬁ%ﬁvy/ﬁ,/%a/xw X k

-

.
-

205

\

o z?///u”.. ﬂ.%/, &

100

FIGURE 10



WO 2010/122125 PCT/EP2010/055390

9/9

FIGURE 11




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

