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(54) Electrical connector and method for coupling an electrical connector to an actuator unit

(57)  Electrical connector (30) for an injector (20)
comprising a connector body (32), a pin (38) being me-
chanically coupled to the connector body (32) and being
electrically coupable to a power supply, and an electric
conductor (34) being electrically coupled to the pin (38)
and being electrically coupable to an actuator unit (28)
of the injector (20), the electric conductor (34) comprising
a first conducting element (35) and a second conducting
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element (36), the first conducting element (35) having a
first rigidity, the second conducting element (36) being
elastically deformable and having a second rigidity being
smaller than the first rigidity of the first conducting ele-
ment (35), and the first conducting element (35) being
coupled electrically to the second conducting element
(36) inamanner that the second conducting element (36)
electrically bridges a section (35c) of the first conducting
element (35).
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Description

[0001] Theinvention relates to an electrical connector
for an injector and a method for coupling an electrical
connector to an actuator unit of an injector.

[0002] Inorderto meetthe requirements of strict emis-
sion legalisation and in order to save fuel consumption,
injectors, in particular fuel injectors for internal combus-
tion engines are arranged in internal combustion engines
in order to dose the fluid into an intake manifold of the
internal combustion engine or directly into the combus-
tion chamber of a cylinder of the internal combustion en-
gine.

[0003] Injectors for an internal combustion engine
comprise actuator units. In order to inject fuel, the actu-
ator unit is energized so that a fluid flow through the fluid
outlet portion of the injection valve is enabled.

[0004] In order to enhance the combustion process in
view of the creation of unwanted emissions, the respec-
tive injector may be suited to dose fluids under very high
pressures. The pressures may be in case of a gasoline
engine, for example the range of up to 200 bar or in the
case of diesel engines in the range of up to 2,000 bar.
The injection of fluids under such high pressures has to
be carried out very precisely.

[0005] During the injection process very fast changes
of the pressure may occur. The fast changes of the pres-
sure may cause pressure waves in the fluid which leads
to pressure waves in different parts of the injector, in par-
ticular in the actuator unit.

[0006] The object of the invention is to create an elec-
trical connector that is simply to be manufactured and
which facilitates a reliable and precise function of the
injection valve.

[0007] These objects are achieved by the features of
the independent claims. Advantageous embodiments of
the invention are given in the sub-claims.

[0008] According to a first aspect the invention is dis-
tinguished by an electrical connector for an injector com-
prising a connector body, a pin being mechanically cou-
pled to the connector body and being electrically coup-
able to a power supply, and an electric conductor being
electrically coupled to the pin and being electrically coup-
able to an actuator unit of the injector, the electric con-
ductor comprising a first conducting element and a sec-
ond conducting element, the first conducting element
having a first rigidity and the second conducting element
being elastically deformable and having a second rigidity
being smaller than the first rigidity of the first conducting
element, and the first conducting element being coupled
electrically to the second conducting elementina manner
that the second conducting element electrically bridges
a section of the first conducting element.

[0009] This has the advantage that due to the elastic
deformability of the second conducting element and due
to the second rigidity being smaller than the first rigidity
a high mechanical flexibility of the coupling of the elec-
trical connector to the actuator unit is obtainable. Fur-
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thermore, an electric current through the electrical con-
nector is possible even in the case that the first conduct-
ing element is interrupted as the second conducting el-
ement bridges the first conducting element electrically.
[0010] Inanadvantageous embodiment the electrical-
ly bridged section of the first conducting element com-
prises an attenuation zone. This has the advantage that
a destruction of the electrically bridged section of the first
conducting element due to high mechanical forces ex-
erted on the actuator unit or a forced destruction of the
electrically bridged section of the first conducting element
is possible nevertheless a secure electric coupling be-
tween the actuator unit and the electrical connector is
remaining. Consequently, a damage of the injector can
be avoided even in the case of high mechanical forces
exerted on the actuator unit.

[0011] Inafurther advantageous embodiment the first
conducting element is formed as a tape, and the atten-
uation zone of the first conducting element has a recess
being formed in a manner that a width of the attenuation
zone of the first conducting element is smaller than a
width of further sections of the first conducting element.
This has the advantage that a simple construction of the
recess by stamping the first conducting element is pos-
sible.

[0012] In afurther advantageous embodiment the first
conducting element is formed as a tape, and the atten-
uation zone of the first conducting element has a recess
in a manner that a thickness of the attenuation zone of
the first conducting element is smaller than a thickness
of further sections of the first conducting element. This
has the advantage that a simple construction of the re-
cess by rolling the first conducting element is obtainable.
[0013] In a further advantageous embodiment the re-
cessis V-shaped. This makes it possible to simply stamp
or roll the recess into the first conducting element.
[0014] In a further advantageous embodiment the re-
cess has a semicircular shape. This makes it possible to
simply stamp or roll the recess into the first conducting
element and to simply remove the electrical coupling in
the first conducting element if necessary.

[0015] Inafurther advantageous embodimentthe sec-
ond conducting element is a wire element. This makes
a high elasticity of the second conducting element pos-
sible.

[0016] Inafurther advantageous embodimentthe sec-
ond conducting element comprises a plurality of wire el-
ements. This has the advantage that a very high elasticity
of the second conducting element is possible.

[0017] Inafurther advantageous embodimentthe rigid
first conducting element of the electric conductor is elec-
trically coupable to the actuator unit of the injector. This
has the advantage that the position of the electrical con-
nector relative to the actuator unit of the injector can be
fixed with a high precision.

[0018] According to a second aspect the invention is
distinguished by a method for coupling an electrical con-
nector according to one of the preceding claims to an



3 EP 1961951 Al 4

actuator unit of an injector comprising the following steps:
providing the electrical connector and the actuator unit
of the injector, aligning the electrical connector relative
to the actuator unit of the injector to obtain a defined
position of the electrical connector relative to the actuator
unit of the injector, coupling the first conducting element
of the electric conductor of the electrical connector to the
pin of the actuator unit to provide an electric coupling
between the electrical connector and the actuator unit of
the injector, and removing the attenuation zone of the
first conducting element.

[0019] Exemplary embodiments of the invention are
explained in the following with the help of schematic
drawings. These are as follows:

Figure 1  an injector with an electrical connector in a
longitudinal section view,

Figure 2  the electrical connector in a perspective
view, and

Figure 3  the electrical connector in a further perspec-
tive view.

[0020] Elements of the same design and function that

appear in differentillustrations are identified by the same
reference characters.

[0021] Figure 1 shows a part of an injector 20 with an
actuator unit 28 and an electrical connector 30.

[0022] The actuator unit 28 comprises a housing 22 in
which a piezo element 24 is arranged. The actuator unit
28 may, however, also comprise another type of actuator,
which is known to the person skilled in the art for that
purpose. Such an actuator may be, for example, a sole-
noid. The actuator unit 28 further comprises pins 26 for
the supply of electrical energy to the actuator unit 28.
The piezo element 24 of the actuator unit 28 may change
its axial length if it is supplied with electrical energy. By
changing its length the actuator unit 28 may effect a force
on a valve needle of the injector 20. Due to the exerted
force the valve needle is able to move in axial direction
to prevent or enable a fluid flow through the injector 20.
[0023] The electrical connector 30 has a connector
body 32 in which an electric conductor 34 and a pin 38
are arranged. The electric conductor 34 is electrically
coupled with the pin 38 of the electrical connector 30 and
with one of the pins 26 of the actuator unit 28. A power
supply can be coupled to the pin 38 to supply the actuator
unit 28 with electrical energy.

[0024] The electric conductor 34 comprises a first con-
ducting element 35 and a second conducting element
36. The first conducting element 35 has a first rigidity.
The second conducting element 36 is elastically deform-
able and has a second rigidity which is smaller than the
first rigidity of the first conducting element 35. The first
conducting element 35 and the second conducting ele-
ment 36 are electrically coupled with each otherinaman-
ner that depending on the state of the first conducting
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element 35 either a parallel current flow through the first
conducting element 35 and the second conducting ele-
ment 36 is enabled or a current flow through the elasti-
cally deformable second conducting element 36 is pos-
sible.

[0025] The first conducting element 35 has a section
35cwith an attenuation zone 35a and two further sections
35h. The attenuation zone 35a is an area structurally
weakened relative to the two further sections 35b. The
section 35c with the attenuation zone 35a of the first con-
ducting element 35 is arranged between the two further
sections 35b of the first conducting element 35. The at-
tenuation zone 35a of the first conducting element 35
has a recess 40. Due to the recess 40 the cross-section
of the attenuation zone 35a of the first conducting ele-
ment 35 is smaller than the cross-section of the two fur-
ther sections 35b of the first conducting element 35.
[0026] Inthe shown embodiment of the electrical con-
nector 30 the first conducting element 35 is formed as a
tape. The section 35c and in particular the attenuation
zone 35a of the first conducting element 35 have a thick-
ness T1. The further sections 35b of the first conducting
element 35 have a thickness T2. The thickness T1 of the
attenuation zone 35a of the first conducting element 35
is smaller than the thickness T2 of the further sections
35b of the first conducting element 35. Consequently,
the cross-section of the attenuation zone 35a of the first
conducting element 35 is smaller than the cross-section
of the further sections 35b of the first conducting element
35. The recess 40 of the first conducting element 35 is
preferably produced by a rolling process during the pro-
duction of the first conducting element 35.

[0027] The embodiment of the electrical connector 30
of figure 3 shows the first conducting element 35 with the
section 35¢ comprising the attenuation zone 35a and the
further sections 35b. A width W1 of the attenuation zone
35a of the section 35c of the first conducting element 35
is smaller than a width W2 of the further sections 35b of
the first conducting element 35. Thus, the cross-section
of the attenuation zone 35a of the first conducting ele-
ment 35 is smaller than the cross-section of the further
sections 35b of the first conducting element 35.

[0028] The second conducting element 36 has a first
end 36a and a second end 36b. The first end 36a of the
second conducting element 36 is electrically coupled to
one of the two further sections 35b of the first conducting
element 35. The second end 36b of the second conduct-
ing element 36 is electrically coupled to the other of the
two further sections 35b of the first conducting element
35. This electrical coupling enables to electrically bridge
the section 35c and in particular the attenuation zone 35a
of the first conducting element 35. In the case that the
attenuation zone 35a of the first conducting element 35
isintacta parallel current flow through the first conducting
element 35 and the second conducting element 36 to the
pin 26 of the actuator unit 28 is possible.

[0029] The recess 40 may also be V-shaped as shown
in figure 2. This allows a simple stamping or rolling of the
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recess 40 into the first conducting element 35.

[0030] The first conducting element 35 of the electrical
connector 30 may also have a recess 40 with a semicir-
cular shape. By this the first conducting element 35 is
formed in a way that the electrical connections between
the further sections 35b of the first conducting element
35 can be removed very simply.

[0031] Preferably, the second conducting element 36
is a wire. Wire elements enable a good elastic deforma-
bility of the second conducting element 36. Consequent-
ly, a high elasticity between the connector body 32 and
the actuator unit 28 is available. Preferably, the second
conducting element 36 comprises a plurality of wire ele-
ments which enable a very good elastic deformability of
the second conducting element 36.

[0032] Preferably, the coupling between the first con-
ducting element 35 and the second conducting element
36 is carried out by a welding process as this is a very
robust mechanical coupling process. The coupling be-
tween the first conducting element 35 and the second
conducting element 36 may also be achieved by brazing
or a mechanical process such as pressing or clamping.
[0033] In the following a method for coupling the elec-
trical connector 30 to the actuator unit 28 of the injector
20 will be described in detail:

[0034] The electrical connector 30 and the actuator
unit 28 of the injector 20 are provided. The electrical con-
nector 30 is aligned relative to the actuator unit 28 of the
injector 20. As the first rigidity of the first conducting el-
ement 35 is high it is possible to obtain a well-defined
position of the electrical connector 30 relative to the ac-
tuator unit 28 of the injector. Furthermore, the first con-
ducting element 35 of the electric conductor 34 of the
electrical connector 30 is coupled to the pin 26 of the
actuator unit 28. This coupling is preferably carried out
by welding. The coupling provides an electrical coupling
between the electrical connector 30 and the actuator unit
24 of the injector. Finally, the attenuation zone 35a of the
first conducting element 35 is removed. This makes it
possible to obtain an elastic coupling between the two
further sections 35b of the first conducting element 35.
[0035] Inthe following the function of the electrical con-
nector 30 of the injector 20 will be described:

[0036] If the actuator unit 28 of the injector 20 is sup-
plied with electric energy through the electrical connector
30 the valve needle is enabled to move as described
above and to exert a reaction force on the actuator unit
28. Due to this a movement of the actuator unit 28 relative
to the electrical connector 30 can occur in a manner that
forces are exerted on the first conducting element 35 and
the second conducting element 36.

[0037] If the attenuation zone 35a of the first conduct-
ing element 35 is intact a parallel current flow through
the first conducting element 35 and the second conduct-
ing element 36 is enabled and the actuator unit 28 is
supplied with electrical energy in a secure manner.
[0038] Iftheforces duetothe movementofthe actuator
unit 28 relative to the electrical connector 30 are high
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enough to destroy the attenuation zone 35a of the first
conducting element 35 which has the high first rigidity or
the attenuation zone 35a of the first conducting element
35 is removed by the method for coupling the electrical
connector 30 to the actuator unit 28 of the injector 20 as
described above the second conducting element 36
bridges the attenuation zone 35a of the first conducting
element 35 and a current flow through the second con-
ducting element 36 is enabled. Consequently, the actu-
ator unit 28 is supplied with electrical energy in a secure
manner as the second rigidity of the second conducting
element 36 is smaller than the first rigidity of the first
conducting element 35 and the second conducting ele-
ment 36 is elastically deformable thus enabling to trans-
mit a low mechanical stress to the pins 26 of the actuator
unit 28.

Claims

1. Electrical connector (30) for an injector (20) compris-
ing

- a connector body (32),

- a pin (38) being mechanically coupled to the
connector body (32) and being electrically coup-
able to a power supply, and

- an electric conductor (34) being electrically
coupled to the pin (38) and being electrically
coupable to an actuator unit (28) of the injector
(20),

the electric conductor (34) comprising afirst con-
ducting element (35) and a second conducting
element (36), the first conducting element (35)
having a first rigidity, the second conducting el-
ement (36) being elastically deformable and
having a second rigidity being smaller than the
first rigidity of the first conducting element (35),
and the first conducting element (35) being cou-
pled electrically to the second conducting ele-
ment (36) in a manner that the second conduct-
ing element (36) electrically bridges a section
(35c) of the first conducting element (35) .

2. Electrical connector (30) according to claim 1, with
the electrically bridged section (35c) of the first con-
ducting element (35) comprising an attenuation zone
(35a).

3. Electrical connector (30) according to claim 1 or 2,
with the first conducting element (35) being formed
as a tape, and the attenuation zone (35a) of the first
conducting element (35) having a recess (40) being
formed in a manner that a width (W1) of the attenu-
ation zone (35a) of the first conducting element (35)
is smaller than a width (W2) of further sections (35b)
of the first conducting element (35) .



10.

7 EP 1961951 Al

Electrical connector (30) according to claim 1 or 2,
with the first conducting element (35) being formed
as atape, and the attenuation zone (35a) of the first
conducting element (35) having a recess (40) in a
manner that a thickness (T1) of the attenuation zone
(35a) of the first conducting element (35) is smaller
than a thickness (T2) of further sections (35b) of the
first conducting element (35) .

Electrical connector (30) according to claim 3 or 4,
with the recess (40) being V-shaped.

Electrical connector (30) according to claim 3 or 4,
with the recess (40) having a semicircular shape.

Electrical connector (30) according to one of the pre-
ceding claims, the second conducting element (36)
being a wire element.

Electrical connector (30) according to one of the
claims 1 to 6, the second conducting element (36)
comprising a plurality of wire elements.

Electrical connector (30) according to one of the pre-
ceding claims, with the first conducting element (35)
of the electric conductor (34) being electrically coup-
able to the actuator unit (28) of the injector (20).

Method for coupling an electrical connector (30) ac-
cording to one of the preceding claims to an actuator
unit (28) of an injector (20) comprising the following
steps:

- providing the electrical connector (30) and the
actuator unit (28) of the injector (20),

- aligning the electrical connector (30) relative
to the actuator unit (28) of the injector (20) to
obtain a defined position of the electrical con-
nector (30) relative to the actuator unit (28) of
the injector (20),

- coupling the first conducting element (35) of
the electric conductor (34) of the electrical con-
nector (30) to the pin (26) of the actuator unit
(28) to provide an electric coupling between the
electrical connector (30) and the actuator unit
(24) of the injector (20), and

- removing the attenuation zone (35a) of the first
conducting element (35).
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