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Description
TECHNICAL FIELD OF INVENTION

[0001] The invention relates to an electrical connector
for an electrical power cord for usage in high current
charging application like electrical driven vehicles or hy-
brid vehicles.

BACKGROUND OF INVENTION

[0002] In high current application usually power cords
are used that comprise plug connectors having at least
one temperature sensor for detecting the temperature of
the plug, and a shut-off device for stopping the power
supply to a load from the plug when an abnormal tem-
perature rise is detected by the temperature sensor. Ac-
cording to the power cord of this type, even when abnor-
mal heat generation occurs because of a contact failure
of the plug pins of the plug at the power socket, fire or
damage to the plug due to the heat can be prevented by
stopping the power supply.

[0003] In a case where only one temperature sensor
is provided, a correlation between the output of the tem-
perature sensor and the temperature of the plug pin far-
thest from the temperature sensor among the plurality of
plug pins becomes relatively low. Accordingly, response
to the temperature rise at the corresponding plug pin be-
comes slow, and safety may be reduced. On the other
hand, in a case where a plurality of temperature sensors
is provided and the output of each temperature sensor
is monitored individually, it may cause an increase in the
number of parts and/or complication of a wiring. Docu-
ment EP2884611 discloses an improved power cord ca-
ble that improves safety and avoiding an increase in the
number of parts and complication of a wiring.

[0004] The document discloses a power cord includ-
ing: a plug having a plurality of plug pins and a plurality
of PTC (Positive Temperature Coefficient) thermistors,
at least one of which is provided for each of the plug pins
to detect a temperature of the corresponding plug pin.
The PTC thermistors form one series circuit. Each ther-
mal sensor includes a temperature detection element,
and a metal-made holder that holds the temperature de-
tection element. The holder has the same structure as
well-known lug terminal, as a whole. The holder includes
a fixed portion that has an annular shape and is to be
fixed to a corresponding plug pin by a screw and a body
portion that houses the temperature detection element
therein. The fixed portion of each thermal sensor is fixed
onone surface of the corresponding plug pin, which faces
outside in a horizontal direction. Unfortunately, the plug
pins in the disclosed power cord have to have openings
for the screw that are screwed in to hold thermal sensor
close to the plug pin, that may weaken the plug pin and
support corrosion when different metals are used. Fur-
thermore, the plug housing has to be designed to provide
space for thermal sensor adjacent to the plug pins that

10

15

20

25

30

35

40

45

50

55

limits the freedom to the design the plug housing. Finally,
thermal sensors have to be screwed to the plug pins be-
fore the plug pins are mounted into the plug housing.
That limits the opportunities that are given by preassem-
bly in various locations while production of the power
cord.

[0005] Thereis aneed inthe artto provide an electrical
connector for a high current power cord, that provide
means to reliable detect abnormal heat generation at the
electrical pins and is flexible to manufacture.

[0006] An electrical connector for an electrical power
cord according claim 1 solve these and other objects,
which become apparent upon reading the following de-
scription.

SUMMARY OF THE INVENTION

[0007] The present application relates to an electrical
connector for a power cord comprising: a plug housing
having at least one elongated electrical power terminal
arranged inside a cavity of the plug housing, at least one
thermal sensor and at least one elongated heat transfer
member. The heat transfer member comprises first cou-
pling means for mechanically and thermally connecting
the electrical power terminal to the elongated heat trans-
fer member on a first end. The elongated heat transfer
member comprises second coupling means for mechan-
ically and thermally connecting thermal sensor to the
elongated heat transfer member on a second end.
[0008] The disclosed invention provides an electrical
connector employing an elongated heat transfer member
fortransferring a portion of the heat generated in the elec-
trical connector while charging. The elongated heat
transfer member transfers the heat from a contact region
to a sensor region where a thermal sensor is attachable
to sense the temperature of the elongated heat transfer
member. The first end of the elongated heat transfer
member is located inside the terminal cavity and the sec-
ond end is located outside the terminal cavity. That
makes the assembly process easier because the second
end is easy accessible to attach the thermal sensor. Fur-
thermore, there is no need to seal the heat transfer mem-
ber or the thermal sensor because there are located in
the wet area of the electrical connector. The thermal sen-
sor senses the temperature and a computing device cal-
culates, starting from that value, the temperature of the
electrical power terminal. The value is important to con-
trol the charging process. The design provides fast und
exact measure values because the elongated heat trans-
fer member is in direct contact the electrical power ter-
minal.

[0009] According to a preferred embodiment, the cav-
ity comprises a cavity opening arranged parallel in rela-
tionto aterminal surface of the elongated electrical power
terminal. The first coupling means comprises a circular
curved area defining the first end of the elongated heat
transfer member. The circular curved area is arranged
inside the cavity surrounding the elongated electrical
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power terminal The second coupling means comprises
two straight portions, each starting from an end of the
circular curved area, protruding trough the cavity opening
to outside the cavity. The circular curved area is adapted
to the outer shape of the elongated electrical power ter-
minal that has a round cross section in this embodiment.
This makes sure that the elongated heat transfer member
is in close contact to the elongated electrical power ter-
minal to enable improved heat transfer. The heat is trans-
ferred further from the curved area by the two straight
portions. The two straight portions connect the inside of
the cavity to the outside of the cavity. That makes it easy
to attach the thermal sensor, outside the cavity, to the
heat transfer member while assembly of the electrical
connector.

[0010] Preferably, the two straight portions are ar-
ranged having an angle in between each other and
wherein an inner diameter of the circular curved area is
bigger than an outer diameter of the elongated electrical
power terminal that is surrounded, when thermal sensor
is not connected to the two straight portions. This design
makes it possible to preassemble the heat transfer mem-
ber to the plug housing. The heat transfer member can
be assembled without the electrical power terminal or
before the electrical power terminal is inserted into the
plug housing. After insertion of the electrical power ter-
minal the two straight portions are moved towards each
other to reduce the inner diameter and bring the circular
curved area in contact to the electrical power terminal.
In this embodiment the usage of flexible material, for ex-
ample spring steel, for making the heat transfer member
isrecommended. The preassembled electrical connector
may be shipped to a distant production plant for finally
assembly. That makes the production of the electrical
connector more flexible.

[0011] Advantageously, the two straight portions are
parallel and in contact to each other and the inner diam-
eter of the circular curved area is the same as the outer
diameter of the elongated electrical power terminal that
is surrounded, when thermal sensor is mechanically and
thermally connected to the two straight portions. This de-
sign provides a robust heat transfer phat to the thermal
sensor.

[0012] According to another preferred embodiment,
the cavity comprises a support surface arranged opposite
to a terminal surface of the elongated electrical power
terminal. The first coupling means comprises a first flat
straight tongue defining the first end of the elongated
heat transfer member. The first flat straight tongue is ar-
ranged in between the support surface and the terminal
surface of the elongated electrical power terminal thereby
mechanically and thermally connecting the elongated
heat transfer member to the electrical power terminal.
The cavity comprises a cavity opening to outside the cav-
ity. The second coupling means comprises a second flat
straight tongue, protruding trough the cavity opening to
outside the cavity. This embodiment provides an even
simpler assembly because the elongated heat transfer
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member can be stickled through the cavity opening, while
assembly the electrical connector, as one of the final pro-
duction step in the production processes. In applications
where small contact areas are sufficient, this embodi-
ment is recommended. The first and second flat straight
tongues have not to be strictly straight but can also be
bend, e.g. the first flat tongue can be arc shaped to follow
the shape of the electrical power terminal. This Increases
the contact area between the first flat tongue and the
elongated

electrical power terminal. This design also provides the
opportunity of easy adaptation to a verity of different elec-
trical power terminals.

[0013] Preferably, the elongated heattransfer member
comprises at least one layer of material with high thermal
conductivity. A layer of material with high thermal con-
ductivity improves the thermal resistance of the elongat-
ed heat transfer member. That results in a faster transfer
of the heat to the sensor and the opportunity to improve
the charging process.

[0014] Advantageously, the elongated heat transfer
member comprises at least one layer of highly oriented
pyrolytic graphite. The layer of highly oriented pyrolytic
graphite provides increased heat transfer properties.
This material is offered on the market.

[0015] According to another preferred embodiment,
the elongated heat transfer member comprises aflat flex-
ible structure, wherein the flat flexible structure compris-
es highly oriented pyrolytic graphite. A metal part, a plas-
tic part, or a foil, coated with highly oriented pyrolytic
graphite can define the flexible structure. The layer of
highly oriented pyrolytic graphite does the heat transfer.
If a foil defines the elongated heat transfer member, an-
other layer of the foil can provide or improve the mechan-
ical properties that are necessary to define the elongated
heat transfer member. The foil is in contact with the elon-
gated electrical power terminal. The foil can be e.g.
wrapped around, or glued or clamped to the elongated
electrical power terminal.

[0016] Preferably, the first end of the elongated heat
transfer member is defined by a part of the flat flexible
structure. Dependent on the application the elongated
heat transfer member can comprise flexible and rigid por-
tions.

[0017] Advantageously, the first end is arranged in a
plane, perpendicular to an extension axis of the elongat-
ed electrical power terminal. This design allows ab easy
alignment of the first end.

[0018] Preferably, the first end comprises an opening
thatreceives the elongated electrical power terminal. The
dimension of the opening is designed to tightly surround
the elongated electrical power terminal. The opening is
smaller than the diameter of the elongated electrical pow-
er terminal. When the elongated electrical power terminal
is inserted into the opening the opening is widened to
flexible enclose the elongated electrical power terminal.
[0019] Advantageously, the opening is defined by
cross shaped cuts in the flat flexible structure. When a
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foil defines the flat flexible structure, the opening can easy
be provided by cross shaped cuts in the foil. The cuts
provide areas that are able to fold away from the plane
of the not cut foil. When the elongated electrical power
terminal is inserted into the opening, the parts of the foil,
separated by the cuts, fold away from the plane of the
not cut foil. The folded parts of the foil surround the elon-
gated electrical power terminal and increase the thermal
contact area.

[0020] Preferably, the first end and the second end are
arranged in different planes. Dependent on the applica-
tion the ends have to be in different planes. The flexibility
of the elongated heat transfer member solves this re-
quirement.

[0021] Preferably, the first end is attached to a sleeve
shaped carrier, wherein the sleeve shaped carrier is lo-
cated inside the cavity, thereby radially surrounding the
elongated electrical power terminal. In case, the flexible
first end needs mechanical support the sleeve shaped
carrier can provide it. A further advantage is that the
sleeve shaped carrier can be an interface for mechani-
cally adapting different cavity sizes to the size of the first
end of the elongated heat transfer member.

Description of the preferred embodiments

[0022] In the following, the invention is described ex-
emplarily with reference to the enclosed figures, in which

Fi

g. laand 1b  show an electrical power cord dis-
closed in prior art;

shows a perspective, view to an elec-
trical power cord comprising the inven-
tive electrical connector;

shows a cut view of the electrical con-
nector;

shows a perspective, view to a preas-
sembled connector with inserted elon-
gated heat transfer member;

shows a perspective, view to an elon-
gated heattransfer memberaccording
the first embodiment of the invention;
shows a perspective, view to the con-
nector face, in a preassembled state;
shows a cut view to the cavity in a pre-
assembled state, wherein the cut is
carried out along a mating axis;
shows a perspective, view to the cavity
to the connector face, in a finally as-
sembled state;

shows a cut view to the cavity in a fi-
nally assembled state, wherein the cut
is carried out along the mating axis,
shows a perspective, view to a preas-
sembled connector with pre aligned
elongated heat transfer member;
shows a cut view to the cavity in an
assembled state, wherein the cut is

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 10

Fig. 11
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carried out perpendicular to the mating
axis along cut line C2;

shows a perspective, view to a flexible
elongated heat transfer member and
the elongated electrical power termi-
nal aligned to each other, in a preas-
sembled state;

shows a perspective, view to a flexible
elongated heat transfer member and
the elongated electrical power termi-
nal aligned to each other, in a fully as-
sembled state;

shows a perspective, view to a flexible
elongated heat transfer member at-
tached to a carrier;

shows a perspective, view to a flexible
elongated heat transfer member and
the elongated electrical power termi-
nal inserted in the plug housing, in a
fully assembled state;

Fig. 12

Fig. 13

Fig. 14

Fig. 15

[0023] Figure 1a and figure 1b shows a power cord
known from prior art. The power cord comprises a plug
1, male connectors 11 and thermal sensors 5. The ther-
mal sensors 5 being configured to detect a temperature
of a corresponding male connector. Each thermal sensor
5is provided to be in contact with the corresponding male
connector 11 in one-to one. The thermal sensors 5 are
screwed directly to the male connectors 11.

[0024] Figure 2 shows a perspective, view to an elec-
trical power cord 10 comprising the inventive electrical
connector 100. Two high power cables 11 protrude out
of a plug housing 120. The plug housing 120 having two
elongated electrical power terminals 160 arranged inside
a cavity 130 of the plug housing 120 (not shown here).
and two thermal sensors 300 and two elongated heat
transfer members 200. The two thermal sensors 300 are
electrically connected to a control device by electrical
wires 310. The electrical connector 100 has a mating axis
X to mate to a counter connector along.

[0025] Figure 3 shows a cut view of the electrical con-
nector 100. The heat transfer member 200 comprises
first coupling means for mechanically and thermally con-
necting the electrical power terminal 160 to the elongated
heat transfer member 200 on a first end 202 and the
elongated heat transfer member 200 comprises second
coupling means for mechanically and thermally connect-
ing thermal sensor 300 to the elongated heat transfer
member 200 on a second end 204. The cavity 130 com-
prises a cavity opening 138 arranged parallel in relation
to aterminal surface 162 of the elongated electrical power
terminal 160.

[0026] Figure 4 shows a perspective, view to a preas-
sembled connector 100 with in to the plug housing 120
inserted elongated heat transfer member 200

[0027] Figure 5 shows a perspective, view to an elon-
gated heat transfer member 200 according the first em-
bodiment of the invention. The first coupling means com-
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prises a circular curved area 206 defining the first end
202 of the elongated heat transfer member 200. The cir-
cular curved area 206 is adapted to be arranged inside
the cavity 130 surrounding the elongated electrical power
terminal 160. The second coupling means comprises two
straight portions 208, each starting from an end of the
circular curved area 206, adapted to protrude trough the
cavity opening 139 to outside the cavity 130. The two
straight portions 208 are arranged having an angle 210
in between each other and wherein an inner diameter
207 ofthe circular curved area 206 is bigger than an outer
diameter 164 of the elongated electrical power terminal
160 that is surrounded, when thermal sensor 300 is not
connected to the two straight portions 208.

[0028] Figure 6 shows a perspective, view to the con-
nector face, in a preassembled state. The two straight
portions 208 are arranged having an angle 210 in be-
tween each other and the inner diameter 207 of the cir-
cular curved area 206 is bigger than an outer diameter
164 of the elongated electrical power terminal 160 that
is surrounded, when thermal sensor 300 is not connected
to the two straight portions 208.

[0029] Figure 7 shows a cut view to the cavity 130 in
a preassembled state. The cutis carried out along a mat-
ing axis X. The inner diameter 207 of the circular curved
area 206 is bigger than an outer diameter 164 of the
elongated electrical power terminal 160 that is surround-
ed. The circular curved area 206 is not fully in touch with
the elongated electrical power terminal 160 when thermal
sensor 300 is not connected to the two straight portions
208.

[0030] Figure 8 shows a perspective, view to the con-
nector face, in a finally assembled state. The two straight
portions 208 are parallel and in contact to each other and
the inner diameter 207 of the circular curved area 206 is
the same as the outer diameter 164 of the elongated
electrical power terminal 160 that is surrounded, when
the thermal sensor 300 is mechanically and thermally
connected to the two straight portions 208.

[0031] Figure 9 shows a cut view to the cavity 130 in
a finally assembled state, wherein the cut is carried out
along the mating axis X. The inner diameter 207 of the
circular curved area 206 is the same as the outer diam-
eter 164 of the elongated electrical power terminal 160
that is surrounded, when the thermal sensor 300 is me-
chanically and thermally connected to the two straight
portions 208.

[0032] Figure 10 shows a perspective, view to a pre-
assembled connector 100 with pre aligned elongated
heat transfer member 200. The elongated heat transfer
member 200 in a second embodiment of the invention
has first coupling means that comprises a firstflat straight
tongue 210 defining the first end 202 of the elongated
heat transfer member 200 and the second coupling
means comprises a second flat straight tongue 212.
[0033] Figure 11 shows a cut view to the cavity 13 in
an assembled state, wherein the cut is carried out per-
pendicular to the mating axis along cut line C2. The cavity
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130 comprises a support surface 140 arranged opposite
to aterminal surface 162 of the elongated electrical power
terminal 160. The first coupling means comprises a first
flat straight tongue 210 defining the first end 202 of the
elongated heat transfermember 200. Thefirstflat straight
tongue 210 is arranged in between the support surface
140 and the terminal surface 162 of the elongated elec-
trical power terminal 160 thereby mechanically and ther-
mally connecting the elongated heat transfer member
200 to the electrical power terminal 160. The cavity com-
prises a cavity opening 138 to outside the cavity 130.
The second coupling means comprises a second flat
straight tongue 212, protruding trough the cavity opening
138 to outside the cavity 130. The second flat straight
tongue 210 comprises an opening 224 to attach the ther-
mal sensor 300 to the elongated heat transfer member
200. In this embodiment the second flat straight tongue
210 and the thermal sensor are fixed by a screw 226 to
the housing 120 thereby attaching the elongated heat
transfer member 200 to the thermal sensor 300.

[0034] Figure 12 shows a perspective, view to aflexible
elongated heat transfer member 200 and the elongated
electrical power terminal 160 aligned to each other, in a
preassembled state. The elongated heat transfer mem-
ber 200 comprises a flat flexible structure 220, wherein
the flat flexible structure 220 comprises highly oriented
pyrolytic graphite. The first end 202 of the elongated heat
transfer member 200 is defined by a part of the flat flexible
structure 220. The first end 202 is arranged in a plane,
perpendicular to an extension axis X of the elongated
electrical power terminal 160. The first end 202 compris-
es an opening 222 that receives the elongated electrical
power terminal 160. The opening 222 is defined by cross
shaped cuts 222 in the flat flexible structure 220.
[0035] Figure 13 shows a perspective, view to aflexible
structure 220 and the elongated electrical power terminal
160 aligned to each other, in a fully assembled state. The
elongated electrical power terminal 160 protrudes
through the opening 222 in the first end 202. The first
end 202 surrounds the elongated electrical power termi-
nal 160 tightly.

[0036] Figure 14 shows a perspective, view to aflexible
structure 220 attached to a carrier 400. The first end 202
is attached to the sleeve shaped carrier 400. The sleeve
shaped carrier 400 is adapted to be located inside the
cavity 130, thereby radially surrounding the elongated
electrical power terminal 160. The first end 202 is at-
tached to the sleeve shaped carrier 400 in a way to keep
it in a plane perpendicular to the mating axis X.

[0037] Figure 15 shows a perspective, view to aflexible
elongated heat transfer member 220 and the elongated
electrical power terminal 160 inserted in the plug housing
120, in a fully assembled state. The first end 202 and the
second end 204 are arranged in different planes.
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Claims

An electrical connector (100) for a power cord com-
prising: a plug housing (120) having atleastone elon-
gated electrical power terminal (160) arranged inside
a cavity (130) of the plug housing (120), at least one
thermal sensor (300) and at least one elongated heat
transfer member (200), wherein the heat transfer
member (200) comprises first coupling means for
mechanically and thermally connecting the electrical
power terminal (160) to the elongated heat transfer
member (200) on a first end (202) and wherein the
elongated heat transfer member (200) comprises
second coupling means for mechanically and ther-
mally connecting thermal sensor (300) to the elon-
gated heat transfer member (200) on a second end
(204).

An electrical connector (100) according to claim 1,
wherein the cavity (130) comprises a cavity opening
(138) arranged parallel in relation to a terminal sur-
face (162) of the elongated electrical power terminal
(160), wherein the first coupling means comprises a
circular curved area (206) defining the first end (202)
of the elongated heat transfer member (200), where-
in the circular curved area (206) is arranged inside
the cavity (130) surrounding the elongated electrical
power terminal (160) and wherein the second cou-
pling means comprises two straight portions (208),
each starting from an end of the circular curved area
(206), protruding trough the cavity opening (139) to
outside the cavity (130).

An electrical connector (100) according to the pre-
ceding claim, wherein the two straight portions (208)
are arranged having an angle (210) in between each
other and wherein an inner diameter (207) of the
circular curved area (206) is bigger than an outer
diameter (164) of the elongated electrical power ter-
minal (160) thatis surrounded, when thermal sensor
(300) is not connected to the two straight portions
(208).

An electrical connector (100) according to the pre-
ceding claim, wherein the two straight portions (208)
are paralleland in contact to each otherand the inner
diameter (207) of the circular curved area (206) is
the same as the outer diameter (164) of the elongat-
ed electrical power terminal (160) thatis surrounded,
when thermal sensor (300) is mechanically and ther-
mally connected to the two straight portions (208).

An electrical connector (100) according to claim 1,
wherein the cavity (130) comprises a support surface
(140) arranged opposite to a terminal surface (162)
of the elongated electrical power terminal (160),
wherein the first coupling means comprises a first
flat straight tongue (210) defining the first end (202)

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

of the elongated heat transfer member (200), where-
in the first flat straight tongue (210) is arranged in
between the support surface (140) and the terminal
surface (162) of the elongated electrical power ter-
minal (160) thereby mechanically and thermally con-
necting the elongated heat transfer member (200)
to the electrical power terminal (160), wherein the
cavity comprises an cavity opening (138) to outside
the cavity (130) and wherein the second coupling
means comprises a second flat straight tongue
(212), protruding trough the cavity opening (138) to
outside the cavity (130).

An electrical connector (100) according to any pre-
ceding claim, wherein the elongated heat transfer
member (200) comprises at least one layer of mate-
rial with high thermal conductivity.

An electrical connector (100) according to any pre-
ceding claim, wherein the elongated heat transfer
member (200) comprises at least one layer of highly
oriented pyrolytic graphite.

An electrical connector (100) according to claim 1,
wherein the elongated heat transfer member (200)
comprises a flat flexible structure (220), wherein the
flat flexible structure (220) comprises highly oriented
pyrolytic graphite.

An electrical connector (100) according to the pre-
ceding claim, wherein the first end (202) of the elon-
gated heat transfer member (200) is defined by a
part of the flat flexible structure (220).

An electrical connector (100) according to the pre-
ceding claim, wherein the first end (202) is arranged
in a plane, perpendicular to an extension axis (X) of
the elongated electrical power terminal (160).

An electrical connector (100) according to any of
claims 8 to 10, wherein the first end (202) comprises
an opening (222) that receives the elongated elec-
trical power terminal (160).

An electrical connector (100) according to the pre-
ceding claim, wherein the opening (222) is defined
by cross shaped cuts in the flat flexible structure
(220).

An electrical connector (100) according to any of
claims 9 to 13, wherein the first end (202) and the
second end (204) are arranged in different planes.

An electrical connector (100) according to any of
claims 8to 13, wherein the firstend (202) is attached
to a sleeve shaped carrier (400), wherein the sleeve
shaped carrier (400) is located inside the cavity
(130), thereby radially surrounding the elongated
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