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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an interface
assembly. More particularly, but not exclusively, the
present disclosure relates to a back leak interface as-
sembly for a fuel injector. The back leak interface assem-
bly may provide an interface between the fuel injector
and a return line connector.

BACKGROUND

[0002] A fuel injection system for an internal combus-
tion engine typically comprises a plurality of fuel injectors.
The fuel injectors are configured to inject fuel into com-
bustion chambers formed in a cylinder head. The fuel
injectors each have a back leak line for returning fuel to
a fuel reservoir, for example due to static or dynamic
leakage. The back leak line of the fuel injector is con-
nected to a return line to return the fuel to the fuel reser-
voir. The relative positioning and orientation of the back
leak line and the return line may vary depending on the
application. For example, the spatial positioning and/or
the angular orientation of the fuel injectors relative to the
return line may vary for different configurations of internal
combustion engine. In certain cases, this may cause in-
terference between the fuel injectors and the cylinder
head.

[0003] A perspective view of a portion of an internal
combustion engine 100 is shown in Figure 1. The internal
combustion engine 100 comprises a cylinder head 101
and a plurality of fuel injectors 102 (only one of which is
shown in Figure 1). The fuel injectors 102 each have a
back leak line for returning fuel to a fuel reservoir. The
back leak line is formed in a balcony 103 formed in the
injector body. A back leak interface device 104 is mount-
ed to the balcony 103. The back leak interface device
104 comprises a conduit having a linear longitudinal axis.
First and second connectors (not visible in Figure 1) are
formed integrally at each end of the conduit for connec-
tion to the balcony 103 and a return line connector 105
respectively. The return line connector 105 releasably
connects the back leak interface device 104 to a return
line 106 configured to return fuel to the fuel reservoir. A
potential shortcoming of the illustrated arrangement is
that the balcony 103 may interfere with the cylinder head
101. Interference between the balcony 103 and the cyl-
inder head 101 may occur in a region Rt highlighted in
Figure 1.

[0004] One possible approach to overcoming the
aforementioned problems would be to modify the back
leak interface device 104 to incorporate a bend to enable
the position and/or orientation of the outlet balcony 103
to be changed. The back leak interface device 104 could
be machined to form the first and second connectors at
each end and then bent to the desired shape. In order to
accommodate forming the bend over a range of angles,
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for example up to 90°, it would be preferable to form the
back leak interface device 104 from a ductile material.
However, suitable materials are typically not readily ma-
chined and this may present problems in forming the first
and second connectors to the required tolerances. If a
material is selected which can be machined more readily,
the range of angles through which the back leak interface
device 104 may be bentis reduced. If the range of angles
through which the angled connector can be formed is
limited, or is fixed at a reference angle, it may be neces-
sary to modify the position, shape and orientation of the
backleak line. This may necessitate additional machining
steps to form the back leak line which may prove difficult
or may not be possible in certain scenarios.

[0005] It is against this backdrop that the present in-
vention has been conceived. At least in certain embodi-
ments, the present invention seeks to overcome or amel-
iorate at least some of the shortcomings associated with
prior art devices.

SUMMARY OF THE INVENTION

[0006] Aspects ofthe presentinvention relate to a back
leak interface assembly; and to a combination of a back
leak interface assembly and a fuel injector.

[0007] According to a further aspect of the present in-
vention there is provided a back leak interface assembly
for connection to a back leak line of a fuel injector, the
back leak interface assembly comprising:

a first interface member having a first connector;

a second interface member having a second con-
nector; and

an intermediate member that s a distinct component
from at least one of the first or the second interface
member;

the intermediate member defining a relative angle 6
between said first and second interface members,
the relative angle 6 being less than 180°.

[0008] The relative angle is defined to facilitate con-
nection of the fuel injector to the return line. The back
leak interface assembly may be modified for use with
different internal combustion engines, for example to ac-
commodate different spatial relationships between the
fuel injector and the return line. By changing the config-
uration of the intermediate member, the back leak inter-
face assembly may be configured to tailor the relative
angle and/or relative spatial position for a given fuel in-
jector geometry. Like first and second interface members
can be used with different intermediate members to pro-
duce a range of variants of the back leak interface as-
sembly. Alternatively, or in addition, the length of the first
interface member and/or the second interface member
may be adjusted. Alternatively, or in addition, the length
of the intermediate member may be adjusted.

[0009] The first interface member may be configured
to be connected to the fuel injector. In particular, the first
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connector may be configured to be connected to a back
leak line of the fuel injector. The first connector may, for
example, be configured to be connected to a back leak
port or outlet of said fuel injector. The second interface
member may be configured to be connected to a return
line. The second connector may be configured to be con-
nected to a return line connector. The second connector
may, for example, be releasably connected to a locking
connector coupled to the return line.

[0010] The intermediate member may be a distinct
component formed separately from both said first and
second interface members, the first and second interface
members both being coupled to said intermediate mem-
ber. Alternatively, the intermediate member may be in-
tegral to either one of said first and second interface
members, the other of said first and second interface
members being coupled to said intermediate member.
[0011] The relative angle 6 may be in a range from 90°
to 150° inclusive.

[0012] The intermediate member may comprise a tu-
bular member, the first and second interface members
being disposed at respective first and second ends of the
tubular member, said tubular member having a curved
profile such that said first and second interface members
are inclined at said relative angle 0 relative to each other.
[0013] Theintermediate member may comprise abody
having first and second bores for assembling the first and
second interface members.

[0014] According to a further aspect of the present in-
vention there is provided a combination of a fuel injector
and abackleakinterface assembly (1) as described here-
in.

[0015] The first connector may have a first profile; and
the second connector may have a second profile. The
first and second profiles may be the same as each other,
or may be different from each other.

[0016] The first interface member may have a first lon-
gitudinal axis and the second interface member may
have a second longitudinal axis. The first interface mem-
ber may have rotational symmetry about said first longi-
tudinal axis; and/or the second interface member may
have rotational symmetry about said second longitudinal
axis. The relative angle 6 may be defined between the
first longitudinal axis and the second longitudinal axis.
[0017] The first interface member may comprise a first
bore; and the second interface member may comprise a
second bore. The first bore may have a first central axis
extending along the firstlongitudinal axis; and the second
bore may have a second central axis extending along
the second longitudinal axis.

[0018] The intermediate member may be configured
such that the relative angle is defined between said first
and second longitudinal axes.

[0019] The first connector may comprise a first male
connector or a first female connector. The second con-
nector may comprise a second male connector or a sec-
ond female connector.

[0020] The first interface member and/or the second
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interface member may be permanently assembled to the
intermediate member. The first interface member and/or
the second interface member may, for example, be weld-
ed or fastened to the intermediate member. Alternatively,
the first interface member and/or the second interface
member may be bonded to the intermediate member us-
ing an adhesive.

[0021] Alternatively, the first interface member and/or
the second interface member may be releasably assem-
bled to the intermediate member.

[0022] The intermediate member may comprise a tu-
bular member. The first and second interface members
may be disposed at respective first and second ends of
the tubular member, said tubular member having a
curved profile such that said first and second interface
members are inclined at said relative angle 0 relative to
each other. The first interface member and/or the second
interface member may be an interference fit in the re-
spective first and second ends of the tubular member.
Alternatively, the first end and/or the second end of the
tubular member may be an interference fit in the respec-
tive first and second interface members. Alternatively, or
in addition, the first and second interface members may
be welded to the tubular member. Other means of fas-
tening the first and second interface members to the tu-
bular member are also contemplated. The term interfer-
ence fit used herein may also be referred to as a press
fit or a friction fit.

[0023] The tubular member may have a curved profile
such that said first and second interface members are
inclined at said relative angle relative to each other. The
tubular member may comprise a bend or a curve.
[0024] Theintermediate member may comprise a body
having first and second bores for assembling the firstand
second interface members. The first and second bores
may be inclined at an angle relative to each otherin order
to define the relative angle between the first and second
interface members. The first and second interface mem-
bers may be an interference fit in said first and second
bores. Other means of fastening the first and second in-
terface members to the body are also contemplated. Al-
ternatively, or in addition, the first and second interface
members may be welded to the body.

[0025] The first and second interface members are
connected to the intermediate member to form sealed
connections. The sealed connections may be formed by
sealing means, for example comprising an O-ring.
[0026] According to a further aspect of the present in-
vention there is provided a combination of a fuel injector
and a back leak interface assembly as described herein.
[0027] Withinthe scope ofthis applicationitis express-
ly intended that the various aspects, embodiments, ex-
amples and alternatives set out in the preceding para-
graphs, in the claims and/or in the following description
and drawings, and in particular the individual features
thereof, may be taken independently or in any combina-
tion. That s, all embodiments and/or features of any em-
bodiment can be combined in any way and/or combina-
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tion, unless such features are incompatible. The appli-
cantreserves the right to change any originally filed claim
or file any new claim accordingly, including the right to
amend any originally filed claim to depend from and/or
incorporate any feature of any other claim although not
originally claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] One or more embodiments of the present in-
vention will now be described, by way of example only,
with reference to the accompanying figures, in which:

Figure 1 shows a perspective view of a fuel injector
outlet and a cylinder head;

Figure 2 shows a schematic representation of a fuel
injector incorporating a back leak interface assembly
in accordance with a first embodiment of the present
invention;

Figure 3 shows a perspective view of the back leak
interface assembly shown in Figure 2;

Figure 4 shows a cross-sectional view of the back
leak interface assembly shown in Figure 3;

Figure 5 shows a perspective view of a body member
of aback leak interface assembly in accordance with
a second embodiment of the present invention;
Figure 6 shows a cross-sectional view of the back
leak interface assembly shown in Figure 5;

Figure 7 shows a cross-sectional view of a third em-
bodiment of the back leak interface assembly in ac-
cordance with the present invention; and

Figure 8 shows a cross-sectional view of a fourth
embodiment of the back leak interface assembly in
accordance with the present invention.

DETAILED DESCRIPTION

[0029] A backleakinterface assembly 1in accordance
with an embodiment of the present invention will now be
described with reference to Figures 2, 3 and 4. The back
leak interface assembly 1 in the present embodiment is
intended to be used in conjunction with a fuel injector 2
of aninternal combustion engine 3. The internal combus-
tion engine 3 in the present embodiment is a diesel en-
gine. It will be appreciated, however, that the present
invention is also applicable to a gasoline (petrol) engine.
[0030] Withreference to Figure 2, the internal combus-
tion engine 3 comprises a plurality of combustion cham-
bers C formed in a cylinder head 4. The internal combus-
tion engine 3 comprises a plurality of said fuel injectors
2 (only one of which is shown) for injecting fuel into the
combustion chambers. The invention will be described
with reference to one of said fuel injectors 2. In use, fuel
leakage occurs within the fuel injector 2 due to static
and/or dynamic leakage. The fuel injector 2 comprises
an outlet 5 through which leaked fuel is returned to a fuel
reservoir R, such as a fuel tank, via a (back leak) return
line 6. The back leak interface assembly 1 establishes a
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fluid connection from the outlet 5 to the return line 6.
[0031] With reference to Figure 3, the back leak inter-
face assembly 1 comprises a first interface member 7
having a first connector 8 for connection to the outlet 5;
a second interface member 9 having a second connector
10 for connection to the return line 6; and a intermediate
member 11 for connecting the first and second interface
members 7, 9. The first interface member 7 has a first
longitudinal axis X1; and the second interface member
9 has a second longitudinal axis X2. As shown in Figure
4, a continuous fluid pathway is formed through the back
leak interface assembly 1 for transporting fuel from the
outlet 5 to the return line 6. The first interface member 7
has a first bore 12; and the second interface member 9
has a second bore 13. In the present embodiment, the
intermediate member 11 is a cylindrical tube having a
substantially circular profile in transverse section. The
intermediate member 11 has first and second ends 14,
15 for receiving the first and second interface members
7, 9 respectively. The intermediate member 11 is non-
linear and comprises a bend 16 (or a curved profile) dis-
posed between said first and second ends 14, 15. The
bend 16 is formed to define a relative angle 6 between
the first and second longitudinal axis X1, X2 of the first
and second interface members 7, 9. The intermediate
member 11 is made of a material, such as stainless steel,
which facilitates forming the bend 16 without compromis-
ing the integrity of the back leak interface assembly 1.
[0032] The first interface member 7 comprises a first
coupling section 17 for mechanically cooperating with
the first end 14 of the intermediate member 11 to fasten
the first interface member 7 to the intermediate member
11. The first coupling section 17 comprises a cylindrical
section which is a sliding fit in the first end 14 of the in-
termediate member 11. The intermediate member 11 is
welded to the first interface member 7. In the present
embodiment the first connector 8 is a male connector
having a first profile (denoted generally by the reference
P1) for engaging the outlet 5 to form a sealed connection.
The first profile P1 comprises a cylindrical stem 18 and
a first conical seal 19. The outlet 5 comprises an outlet
bore 20 and a conical seat 21 for cooperating with the
first connector 8 to form a sealed connection. When the
back leak interface assembly 1 is connected to the outlet
5, the cylindrical stem 18 is disposed within the outlet
bore 20 and the first conical seal 19 seats in the conical
seat 21. The first interface member 7 in the present em-
bodiment is formed from steel.

[0033] The second interface member 9 comprises a
second coupling section 22 for mechanically cooperating
with the second end 15 of the intermediate member 11
to fasten the second interface member 9 to the interme-
diate member 11. The second coupling section 22 com-
prises a cylindrical section which is a sliding fit in the
second end 15 of the intermediate member 11. The in-
termediate member 11 is welded to the second interface
member 9. In the present embodiment the second con-
nector 10 is a male connector having a second profile
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(denoted generally by the reference P2) for engaging a
return line connector (not shown) disposed on the return
line 6 to form a sealed connection. The second connector
10 may, for example, be configured to connect to a return
line connector (not shown) disposed on said return line
6. The second profile P2 may be the same as the first
profile P1, or may be different from the first profile P1. In
the present embodiment, the second connector 10 com-
prises a flange 25 for locating an O-ring (not shown).
When the back leak interface assembly 1 is connected
to the return line connector, the O-ring forms a seal with
the return line connector. The second interface member
9 in the present embodiment is formed from steel. The
first and second interface members 7, 9 may be formed
from the same material or a different material.

[0034] The fabrication and assembly of the back leak
interface assembly 1 will now be described. The first and
second interface members 7, 9 are machined to form the
first and second profiles P1, P2 respectively. The first
and second bores 12, 13 are formed in said first and
second interface members 7, 9. The first and second
bores 12, 13 extend along the first and second longitu-
dinal axis X1, X2 of the first and second interface mem-
bers 7, 9. In the present embodiment the intermediate
member 11 is a section of pipe which is press-formed to
the required shape. As outlined above, the bend 16 is
formed to define a relative angle 6 between the first and
second longitudinal axis X1, X2 of the first and second
interface members 7, 9. The first and second bores 12,
13 are inclined at said relative angle 6. The first and sec-
ond interface members 7, 9 are inserted into the first and
second ends 14, 15 respectively of the intermediate
member 11. The first and second interface members 7,
9 are welded to the intermediate member 11 to form
sealed connections. In an alternative arrangement, the
first and second interface members 7, 9 may be an in-
terference fit in the first and second ends 14, 15 of the
intermediate member 11. The assembled back leak in-
terface assembly 1 is then ready for use with a fuel in-
jector 2. Specifically, the first interface member 7 is in-
serted into the outlet 5 of the fuel injector 2 and the second
interface member 9 is connected to the connector on the
return line 6.

[0035] The intermediate member 11 is formed from a
material which allows the bend 16 to be formed without
adversely affecting the integrity of the back leak interface
assembly 1.

[0036] Asecondembodimentofthe backleakinterface
assembly 1 will now be described with reference to Fig-
ures 5 and 6. Like reference numerals will be used for
like components.

[0037] The back leak interface assembly 1 according
to the second embodiment comprises first and second
interface members 7, 9 which are unchanged from those
according to the first embodiment. However, the inter-
mediate member 11 in the second embodiment is ma-
chined from a body 26. As shown in Figure 5, the body
26 is a circular machined puck of metal. As shown in
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Figure 6, the body 26 comprises a first radial aperture 27
and a second radial aperture 28 extending partway
through the body 26. The first radial aperture 27 com-
prises a first outer bore 29 and a first inner bore 30 ar-
ranged concentrically about a first radial axis. The first
outer bore 29 has a larger diameter than the first inner
bore 30 and a first shoulder 31 is formed at the interface.
The first coupling section 17 is an interference fit in the
first outer bore 29 and abuts the first shoulder 31 to fasten
the first interface member 7 to the intermediate member
11. The second radial aperture 28 comprises a second
outer bore 32 and a second inner bore 33 arranged con-
centrically about a second radial axis. The second outer
bore 32 has a larger diameter than the second inner bore
33 and a second shoulder 34 is formed at the interface.
The second coupling section 22 is an interference fit in
the second outer bore 32 and abuts the second shoulder
34. Alternatively, the first and second interface members
7, 9 may be welded to the intermediate member 11. A
deburring operation is performed at an intersection of the
firstand secondinnerbores 30, 33 to form a central cham-
ber 35.

[0038] AsshowninFigure 6, the firstand second radial
apertures 27, 28 are inclined at an angle relative to each
other to define the relative angle 6 between the first and
second longitudinal axes X1, X2 of the first and second
interface members 7, 9. In the present embodiment, the
first and second radial apertures 27, 28 are orthogonal
such that that the relative angle 6 is 90°. However, the
first and second radial apertures 27, 28 may be larger
than or smaller than 90°. In certain embodiments, the
angle between the first and second radial apertures 27,
28 may be defined in the range 90° to 150°.

[0039] The fabrication and assembly of the back leak
interface assembly 1 in accordance with the second em-
bodiment will now be described. The first and second
interface members 7, 9 are machined to form the first
and second profiles P1, P2 respectively. The first and
second radial apertures 27, 28 are machined in the body
26 to form the intermediate member 11. The relative ori-
entation of the radial axes of said first and second radial
apertures 27, 28 determines the relative angle 6 between
the first and second longitudinal axis X1, X2 of the first
and second interface members 7, 9. The firstand second
interface members 7, 9 are press-fitted into the first and
second outer bores 30, 33 respectively of the intermedi-
ate member 11. The first and second interface members
7, 9 are an interference fit and a seal is formed with the
intermediate member 11. The assembled back leak in-
terface assembly 1 is then ready for use with a fuel in-
jector 2. Specifically, the first interface member 7 is in-
serted into the outlet 5 of the fuel injector 2 and the second
interface member 9 is connected to the connector on the
return line 6.

[0040] In certain embodiments, the body 26 may be a
moulded component. The first and second radial aper-
tures 27, 28 could, for example, be moulded into the body
26. The body 26 could be machined to provide the re-
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quired internal diameters to receive and to press-fit the
first and second interface members 7, 9.

[0041] Itis not essential thatthe body 26 has a circular
profile in section. The body 26 can comprise one or more
flat surface (for example along a chord line).

[0042] Itwillbe appreciated thatthe back leak interface
assembly 1 may be adapted for particular applications.
For example, by modifying the intermediate member 11
the relative angle 6 between the first and second longi-
tudinal axis X1, X2 may be changed. Alternatively, or in
addition, the length of the first interface member 7 and/or
the second interface member 9 may be modified. Alter-
natively, or in addition, the length of the intermediate
member 11 may be altered. Alternatively, or in addition,
the location of the bend 16 along the length of said inter-
mediate member 11 may be altered for particular appli-
cations. For example, the bend 16 may be offset from
the centre of the intermediate member 11.

[0043] In afurther modification, the back leak interface
assembly 1 may comprise more than one intermediate
member 11.

[0044] A third embodiment of the back leak interface
assembly 1 will now be described with reference to Figure
7. Like reference numerals will be used for like compo-
nents.

[0045] The back leak interface assembly 1 according
to the third embodiment comprises first and second in-
terface members 7, 9. The intermediate member 11 in
the third embodiment is formed integrally with the first
interface member 7. The intermediate member 11 is ma-
chined into an end section of the first interface member
7. The second interface member 9 is mounted to the in-
termediate member 11 to form a sealed connection. The
second interface member 9 comprises a second coupling
section 22 which is mounted in a radial aperture 28
formed in the intermediate member 11. In the present
embodiment the second interface member 9 is welded
to the intermediate member 11 to form a seal. Alterna-
tively, or in addition, the second interface member 9 may
be an interference fit in the intermediate member 11.
[0046] The intermediate member 11 is adapted to de-
fine a relative angle 6 between said first and second in-
terface members 7, 9. In particular, the intermediate
member 11 is configured to define the relative angle 6
between the first and second longitudinal axis X1, X2 of
the first and second interface members 7, 9. In the illus-
trated arrangement, the first and second longitudinal axis
X1, X2 are perpendicular to each other. This arrange-
ment reduces the assembly steps to assemble the back
leak interface assembly 1.

[0047] A fourth embodiment of the back leak interface
assembly 1 will now be described with reference to Figure
8. Like reference numerals will be used for like compo-
nents.

[0048] The back leak interface assembly 1 according
to the third embodiment comprises first and second in-
terface members 7, 9. The intermediate member 11 in
the fourth embodiment is formed integrally with the sec-
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ond interface member 9. The intermediate member 11
is machined into an end section of the second interface
member 9. The first interface member 7 is mounted to
the intermediate member 11 to form a sealed connection.
The first interface member 7 comprises a first coupling
section 17 which is mounted in a radial aperture 27
formed in the intermediate member 11. In the present
embodiment the first interface member 7 is welded to the
intermediate member 11 to form a seal. Alternatively, or
in addition, the first interface member 7 may be an inter-
ference fit in the intermediate member 11.

[0049] The intermediate member 11 is adapted to de-
fine a relative angle 6 between said first and second in-
terface members 7, 9. In particular, the intermediate
member 11 is configured to define the relative angle 6
between the first and second longitudinal axis X1, X2 of
the first and second interface members 7, 9. In the illus-
trated arrangement, the first and second longitudinal axis
X1, X2 are perpendicular to each other. This arrange-
ment reduces the assembly steps to assemble the back
leak interface assembly 1.

[0050] It will be appreciated that various changes and
modifications can be made to the back leak interface as-
sembly 1 described herein without departing from the
scope of the present application.

Claims

1. Aback leak interface assembly (1) for connection to
a back leak line of a fuel injector (2), the back leak
interface assembly (1) comprising:

a first interface member (7) having a first con-
nector (8);

a second interface member (9) having a second
connector (10); and

an intermediate member (11) that is a distinct
component from at least one of the first or the
second interface member;

the intermediate member (11) defining a relative an-
gle 6 between said first and second interface mem-
bers (7, 9), the relative angle 6 being less than 180°
and wherein,

the intermediate member (11) comprises a body (26)
havingfirstand second bores (29, 32) for assembling
the first and second interface members (7, 9).

2. A back leak interface assembly (1) as claimed in
claim 1 wherein, the intermediate member (11) is
integralto either one of said firstand second interface
members (7, 9), the other of said first and second
interface members (7, 9) being coupled to said in-
termediate member (11).

3. Abackleakinterface assembly (1) as claimed in any
one of claims 1 or 2, wherein said relative angle 6 is
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in a range from 90° to 150° inclusive.

Aback leak interface assembly (1) as claimed in any
one of the preceding claims, wherein the intermedi-
ate member (11) comprises a tubular member, the
first and second interface members being disposed
at respective first and second ends of the tubular
member, said tubular member having a curved pro-
file such that said firstand second interface members
(7, 9) are inclined at said relative angle 0 relative to
each other.

Aback leak interface assembly (1) as claimed in any
one of the preceding claims, wherein the first con-
nector (8) comprises a first male connector or a first
female connector.

Aback leak interface assembly (1) as claimed in any
one of the preceding claims, wherein the second
connector (10) comprises a second male connector
or a second female connector.

A combination of a fuel injector (2) and a back leak
interface assembly (1) as claimed in any one of the
preceding claims.
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