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ABSTRACT

The present invention relates to cable assembly, comprising a cable provided with
at least two separate power conductors and at least one earth conductor. The present
invention relates to a charging system for an electric energy storage and to a method for

charging an electrical energy storage on basis of such a cable assembly.
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CABLE ASSEMBLY

RELATED FIELD

The present invention relates to a charging system for an electric energy storage
comprising a cable charging assembly, a plug transition between the charging cable
assembly and the electric energy storage. Such a cable assembly comprises a cable
provided with at least two separate power conductors and at least one earth conductor.
The present invention also relates to a method for charging an electrical energy storage

on basis of such a cable assembly.

BACKGROUND

Cable assemblies as such are known. For example International application
WO02018104234 relates to a high-current cable, in particular charging cable, comprising
an outer sheath and a number of longitudinally extending transmission elements, each of
these transmission elements having a core with a conductor and a core insulation and a
first tube and wherein the core insulation and the first tube via a longitudinally extending
connection connected to each other.

International application WO2017133893 relates to a cable assembly comprising
a cable hose and at least one conductor arranged therein, wherein the cable hose is
spaced a distance apart from the conductor forming a first interstitial space between the
at least conductor and the cable hose. Such a cable assembly comprises at least one
tube for conveying of a cooling fluid for cooling of the cable assembly. In addition the
cable assembly comprises a connector comprising at least one contact member
interconnected to the at least one conductor and a chamber wherein said chamber
comprises a first port which is interconnected to the first interstitial space between the
cable hose and the at least one conductor and a second port that is interconnected to the
tube, such that cooling fluid may circulate from the tube, into the first interstitial space or
vice versa.

German Gebrauchsmusterschrift DE 20 2017 102368 relates to a charging cable
for electric vehicles with at least one conductor designed to conduct a high current of
about 100 Ampere, which has an electrical conductor and a surrounding electrical

insulation, and with a cooling channel, wherein the electrical conductor is a wire
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conductor made from individual wires and the insulation is an insulating tube for forming
the cooling channel over the entire length of the line, wherein the wire conductor is
immediately surrounded by a free space through which a fluid-like coolant can be
conducted.

CN 109 036 694 relates to a cooling cable for a high-power charging connector,
and includes a cable core and a protective layer wrapped around the cable core, the
cable core is composed of two power wires, a ground wire, and a control wire wherein
the gap between the cable cores is filled with a filler. The power wire includes a power
conductor, a first cooling tube and an insulating layer, wherein the power conductor is
wound around the first cooling tube, the insulating layer is wrapped on the power
conductor. The grounding conductor includes a ground conductor, a second cooling tube
and a shielding layer, wherein the ground conductor is wound on the second cooling tube,
the shielding layer is wrapped around the ground wire conductor.

CN 206711659 relates to an electric vehicle charging cable with a cooling tube,
including a power wire core, a ground wire core, a backup power line, a control signal
wire core, and a strap. The charging cable is provided with a number of cooling tubes,
the power line core has a built-in cooling tube, and the conductor of the power line core
is tightly wrapped on the cooling tube. The ground wire core is also provided with a
cooling tube, wherein the conductor of the grounding core is tightly wrapped on the
cooling tube and the control signal core surrounds another cooling tube. Such a charging
cable is connected to a charging gun.

CN206697276 relates to an electric vehicle high-current charging cable,
comprising at least one wire, which is arranged in the cable, at least one first inflow pipe
and one outflow pipe for transmitting cooling medium; the first inflow pipe passing through
the wire, the first inflow tube is conductively connected to one end of the wire and one
end of the outflow tube, and the outflow tube is arranged adjacent to the wire. Such an
electric vehicle high-current charging cable further comprises an adapter, the adapter is
provided with a through hole, and the first inflow pipe passes through the through hole
and flows out.

WO02018021401 relates to a power supply cable which is used for power supply
to an automobile, comprising: a plurality of electric wires being twisted together, each of

which includes a cooling pipe having flexibility, an electric conductor surrounding the
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cooling pipe, the electric conductor is configured by winding a plurality of conductor wires
around the cooling pipe, and an insulator surrounding the electric conductor; and a sheath
that covers the plurality of the electric wires, wherein half the number of the cooling pipes
is used as an outward path of a refrigerant, and the remaining half the number of the
cooling pipes is used as a return path of the refrigerant.

SUMMARY

High current cable cables are designed to transmit high amounts electrical power
in short time. When transmitting high currents relatively large amounts of heat are
generated and a corresponding high-current cable heats up relatively quickly during
operation. For most installations, high current cables are designed such that at the
maximum rating (i.e. the maximum current carrying capacity), the temperature of the
cable does not exceed about 90°C to ensure that the insulation is not damaged. However
in situations where people may come into contact with such cables the maximum
temperature of the cable should be more limited to prevent injuries.

A typical example of these cables are so-called charging cables for electric storage
in e.g. vehicles through which relatively high currents are conducted during a charging
process and which at the same time have to be designed in such a way that they can be
touched during charging without injury and to allow repeated manipulation of the cable
for connecting and disconnecting to a vehicle.

During the charging cycle of for example electrical vehicles a temperature rise in
conductor and plug transitions may occur due to the high currents being transmitted. This
temperature rise may be reduced by limiting the currents, but the charging process will
take a longer time.

The present invention therefore seeks to provide a high-current cable and a
charging system for an electric energy storage.

The present invention also seeks to provide a method for charging an electrical
energy storage on basis of such a high-current cable assembly.

The present invention thus relates to a charging system for an electric energy
storage comprising a cable charging assembly, a plug transition between said charging
cable assembly and said electric energy storage, said cable charging assembly
comprising a cable provided with at least two separate power conductors and at least

one earth conductor, wherein the at least two separate power conductors are spaced a
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distance apart from each other within said cable, each power conductor surrounds at
least one tube, and each power conductor comprises a plurality of intertwisted wires
stranded around said tube, wherein said cable charging assembly comprises at least two
separate cooling circuits within said cable, namely a first cooling circuit comprising a
cooling fluid in the tubes surrounded by the at least two power conductors and a second
cooling circuit comprising a cooling fluid in auxiliary tubes to cool the plug transition.

On basis of such a construction a charging system for an electric energy storage
is obtained that meets one or more of the mentioned objects.

In an embodiment of the present charging system the first cooling circuit
comprises a cooling unit. During the charging cycle of for example electrical vehicles a
temperature rise in the power conductor may occur due to the high currents being
transmitted. This means that the cooling fluid or the cooling liquid in the first cooling
circuit will take up the heat thus generated and that, due to the cooling circuit, the cooling
fluid has to be cooled before it returns into the first cooling circuit. Such a cooling unit,
including measuring and control systems, will cool the cooling fluid to a predetermined
temperature and the cooling fluid thus cooled will be returned into the first cooling circuit.

In an embodiment of the present charging system the second cooling circuit
comprises a cooling unit. During the charging cycle of for example electrical vehicles a
temperature rise in the plug transitions may occur due to the high currents being
transmitted. In order to prevent any damage to these plug transitions the second cooling
circuit transports a cooling fluid or a cooling liquid to the plug transitions and the cooling
fluid will take up the heat thus generated in the plug transitions. Such a cooling unit,
including measuring and control systems, will cool the cooling fluid to a predetermined
temperature and the cooling fluid thus cooled will be returned into the second cooling
circuit.

In an embodiment of the present charging system the first cooling circuit and the
second cooling circuit comprise a mutual cooling unit. Such a mutual cooling unit controls
and regulates the temperature of the cooling fluid of both the first cooling circuit and the
second cooling circuit.

In an embodiment of the present charging system the cooling fluids of both the
first cooling circuit and the second cooling circuit are cooled in a mutual cooling unit

including measuring and control systems. According to such an embodiment the cooling
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fluids that are returned are first mixed together and then the combined cooling fluid is
cooled in a mutual cooling unit. The cooling fluid thus cooled is subsequently separated
into a cooling fluid for the first cooling circuit and into a cooling fluid for the second cooling
circuit.

In another embodiment of the present invention the at least one earth conductor
surrounds said at least one auxiliary tube. Such a construction is beneficial for the
dissipation of the heat generated by the plug transition.

In another embodiment of the present invention the cable is provided with two
separate power conductors and two earth conductors, wherein the two separate power
conductors each surround a tube for conveying of a cooling fluid and wherein the two
earth conductors each surround an auxiliary tube for conveying of a cooling fluid.

Such a construction allows for an efficient heat transfer between each of the two
power conductors and the cooling fluid. In an embodiment of the present invention the
heated cooling fluid is transported through the tubes surrounded by the power conductors
and can be transported back through the auxiliary tubes, or the auxiliary tubes are to be
used for transporting a cooling fluid to and from a plug transition.

In another embodiment of the present invention each power conductor is
surrounded by a sheath, said sheath being surrounded by an earth conductor. Such a
concentric construction of the earth conductors around the power conductors allows for
an efficient positioning of the elements present in the cable thereby reducing the overall
diameter of the cable.

In another embodiment of the present invention the at least two separate power
conductors are surrounded by a common sheath, said common sheath being surrounded
by an earth conductor. Such a construction provides an alternative efficient positioning
of the elements present in the cable thereby reducing the overall diameter of the cable.

In another embodiment of the present invention the cross sectional area of each
power conductor is equal to or greater than the cross sectional area of each earth
conductor.

In another embodiment of the present invention each earth conductor comprises
a plurality of intertwisted wires. Such a construction allows for a repeated manipulation

of the cable without damaging the cable.
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In another embodiment of the present invention a tape wrapping is positioned
between the tube for conveying of a cooling fluid and the power conductor. The tape
wrapping adds an additional protection layer for the tube for conveying of a cooling fluid
thereby minimizing the risk of damage to the tube for conveying of a cooling fluid when
bending the final cable during practical use by the consumer. Such a tape wrapping may
also be located at the outer circumference of the tube for conveying of a cooling fluid to
cool the plug transition.

In another embodiment of the present invention a signal conductor is arranged
within the cable in order to provide transmission of information along the cable.

The present invention furthermore relates to a cable assembly as discussed before
wherein one or more auxiliary tubes for conveying of a cooling fluid are provided at
interstices between the at least two separate power conductors.

The present invention furthermore relates to a charging system for an electric
energy storage comprising a cable assembly as discussed before.

According to an embodiment of such a charging system the present charging
system comprises a plug transition between the present charging cable assembly and
the electric energy storage and comprises at least two separate cooling circuits, namely
a first cooling circuit comprising a cooling fluid in the tubes surrounded by the at least
two power conductors and a second cooling circuit comprising a cooling fluid to cool the
plug transition.

The present invention furthermore relates to a method for charging an electrical
energy storage comprising: a base station, a charging cable assembly connected with
the base station and a plug transition between the charging cable assembly and the
electric energy storage, wherein the charging cable assembly is provided with at least
two separate power conductors, at least one earth conductor and at least two auxiliary
tubes, wherein each power conductor surrounds a tube, wherein a first cooling fluid is
pumped from the base station through the tubes surrounded by the at least two separate
power conductors and wherein a second cooling fluid is pumped from the base station
through the auxiliary tubes for cooling the plug transitions.

In a preferred embodiment of the present method the charging current is at least

350 Amps, preferably at least 500 Amps, more preferably at least 1000 Amps.
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In a preferred embodiment the diameter of the charging cable assembly is 45 mm
or less.

The cables and cable assemblies of the present invention can be used for any
kind of electrical energy transport and allow to transport higher currents within the same
cross sectional area of conductors, or cable diameter, when compared to conventional

cables without cooling tubes.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the
accompanying drawings, in which:

Fig. 1 schematically shows a first embodiment of a cable for a cable assembly
according to the present invention in cross-section view.

Fig. 2 schematically shows a second embodiment of a cable for a cable assembly
according to the present invention in cross-section view.

Fig. 3 schematically shows a third embodiment of a cable for a cable assembly
according to the present invention in cross-section view.

Fig. 4 schematically shows a fourth embodiment of a cable for a cable assembly
according to the present invention in cross-section view.

Fig. 5 schematically shows a fifth embodiment of a cable for a cable assembly
according to the present invention in cross-section view.

Fig. 6 schematically shows a cable for a cable assembly according to the present
invention in side view in section.
DETAILED DESCRIPTION OF THE INVENTION

The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustrating the invention, an embodiment that is presently
preferred, in which like numerals represent similar parts throughout the several views of
the drawings The specific embodiments disclosed herein are merely illustrative of specific
configurations and do not limit the scope of the claimed embodiments. Features from
different embodiments may be combined to form further embodiments unless noted

otherwise. Variations or modifications described with respect to one of the embodiments
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may also be applicable to other embodiments. Further, it should be understood that
various changes, substitutions, and alterations can be made herein without departing
from the spirit and scope of this disclosure as defined by the appended claims.

Fig. 1 shows a first possible embodiment of a cable assembly 1 according to the
invention. The cable assembly 1 comprises two separate power conductors and one earth
conductor, wherein the two separate power conductors are spaced a distance apart from
each other within the cable assembly. Cable assembly 1 comprises two tubes 10 that are
arranged for conveying a cooling fluid along the cable assembly 1 and are arranged inside
of cable assembly 1. Tube 10 has a wall 11. A power conductor 12 surrounds tube 10 for
conveying of a cooling fluid. Each power conductor 12 comprises a plurality of intertwisted
wires stranded around tube 10. The layer of wires is surrounded by a layer 13, e.g. a
sheet or tube. For some applications, cable assembly 1 may comprise a transmission
element 15 suited for the transmission of signals and/or information. The transmission
element may comprise two or more signal conductors and/or optical fibers. Cable 1 is
also provided with an earth conductor 16. One or more auxiliary tubes (not shown) may
further be provided in the cable assembly of fig. 1. Such auxiliary tubes may be used to
covey a cooling fluid to and from plug transitions, or as return lines for cooling fluid
supplied through the tubes 10 surrounded by the power conductors 12.

Fig. 2 shows a second possible embodiment of a cable assembly 2 according to
the invention. In this embodiment cable 2 further comprises an auxiliary tube 20 for
conveying of a cooling fluid, wherein earth conductor 22 surrounds auxiliary tube 20.
Auxiliary tube 20 has a wall 21. The cable assembly of this second possible embodiment
may further optionally comprise one or more second auxiliary tubes that are not
surrounded by a conductor. For some applications, cable assembly 2 may comprise one
or more transmission elements suited for the transmission of signals and/or information.
The transmission element may comprise two or more signal conductors and/or optical
fibers.

Fig. 3 shows a third possible embodiment of a cable assembly 3 according to the
invention. Cable 3 is provided with two separate power conductors and two earth
conductors. There are two auxiliary tubes 20 for conveying of a cooling fluid, wherein

each earth conductor 22 surrounds auxiliary tube 20. Auxiliary tube 20 has a wall 21.
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As illustrated in Fig. 3, each tube and each conductor (power or earth) may have equal
cross sections. Such a construction allows for an easy installation and use of the cable
assembly, because any connection of the two power and earth conductors will give a
functioning system. Alternatively the embodiment of Fig. 3 allows to use the cable system
as a three phase cable in which case one of the earth conductors is used as a power
conductor. The cable assembly of this third possible embodiment may further optionally

comprise one or more second auxiliary tubes that are not surrounded by a conductor.

Fig. 4 shows a fourth possible embodiment of a cable assembly 4 according to the
invention. In this embodiment layer 13 is surrounded with an earth conductor 40. The
cable assembly of this fourth possible embodiment may further optionally comprise one
or more second auxiliary tubes that are not surrounded by a conductor.

Fig. 5 shows a fifth possible embodiment of a cable assembly 5 according to the
invention. In this embodiment the two separate power conductors are surrounded by and
embedded in a common sheath 50, wherein the common sheath 50 is surrounded by an
earth conductor 51 which is surrounded by an outer sheath. Auxiliary tubes 53 are located
within cable assembly 5 and these tubes 53 are used for conveying of a cooling fluid.

Fig. 6 schematically shows a cable for a charging cable assembly for charging an
electrical energy storage in side view in section, i.e. a base station (not shown here), a
charging cable assembly 6 connected with the base station and a connector assembly
60. Charging cable assembly 6 is provided with at least two separate power conductors
12, at least one earth conductor (not shown here) and at least two auxiliary tubes 53.
Each power conductor 12 surrounds a tube 10, wherein a first cooling fluid is pumped
from the base station through tubes 10 surrounded by separate power conductors 12 and
wherein a second cooling fluid is pumped from the base station through auxiliary tubes
53 for cooling plug transitions 67. The connector assembly 60 surrounds an end of the
charging cable assembly 6 and comprises a connector shelf, plug transitions 67, cooling
blocks 66, conductor leads 68 and tube connector 69.

Plug transitions 67 are surrounded by the connector shell 61 which includes one or more
cooling blocks 66 in thermal conductive contact with the plug transitions 67. Auxiliary
tubes 53 are connected to cooling blocks 66. The cooling fluid flowing through auxiliary

tubes 53 into cooling blocks 66, i.e. the second cooling circuit, will take up the heat
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generated at the plug transition 67. The cooling fluid thus heated will be transported to a
cooling unit 64 and returned, via a pump 65, to auxiliary tubes 53. Conductor leads 68
provide electrical connection between the power conductors 12 and plug transitions 67
and may consist of power conductors stripped and dismantled from the cable assembly
end, or may be a separate part between each power conductor 12 and respective plug
transition 67. Tube connector 69 provides a fluid connection between tubes 10 within the
connector assembly. The first cooling circuit comprising tubes 10, tube connector 69,
cooling unit 62 and pump 63 is used for cooling separate power conductors 12. Tubes 10
are surrounded by power conductors 12. The second cooling circuit comprising auxiliary
tubes 53, cooling blocks 66, cooling unit 64 and pump 65 is used for cooling plug
transition 67. Although not shown in Figure 6, auxiliary tubes 53 may be surrounded by
an earth conductor. In Figure 6 two cooling units 62, 64 are shown but in a specific
embodiment only one single cooling unit is used. Such a single cooling unit may include
separate cooling circuits for cooling power conductors and plug transition, or such a
mutual cooling unit may be used wherein the cooling fluids of the first cooling circuit and
the second cooling circuit are cooled in such a mutual cooling unit.

The embodiments shown in Figs. 2-6 may further comprise one or more
transmission elements 15 suited for the transmission of signals and/or information. Such
a transmission element 15 may comprise two or more signal conductors and/or optical
fibers. (Not shown in Fig. 2, 4, 5 and 6).

The earth conductors of the embodiments shown herein preferably comprise a
plurality of intertwisted wires. Alternatively the earth conductors may be provided as a

braid or metal foil.

10
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CLAIMS

1. A charging system for an electric energy storage comprising a charging cable
assembly, a plug transition between said charging cable assembly and said electric
energy storage, said charging cable assembly comprising a cable provided with at
least two separate power conductors, at least one sheath, and at least one earth
conductor, each of the at least one sheath being surrounded by one of the at least one
earth conductor, wherein the at least two separate power conductors are spaced a
distance apart from each other within said cable, each of the at least two separate
power conductors surrounds at least one tube, and the each of the at least two
separate power conductors comprises a plurality of intertwisted wires stranded around
said at least one tube, wherein said charging cable assembly comprises at least two
separate cooling circuits within said cable, namely a first cooling circuit comprising a
cooling fluid in the at least one tube surrounded by the at least two power conductors
and a second cooling circuit comprising a cooling fluid in at least one auxiliary tube

configured to cool the plug transition.

2. The charging system according to claim 1, wherein the each of the at least two

separate power conductors is surrounded by one of the at least one sheath.

3. The charging system according to claim 1, wherein the at least one sheath is a
common sheath, wherein said at least two separate power conductors are surrounded

by the common sheath.

11
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4. A charging system for an electric energy storage, the charging system comprising:
a charging cable assembly comprising a cable, the cable comprising:

a first cooling circuit comprising a first tube and a second tube;

a first power conductor comprising a first plurality of intertwisted wires
stranded at least partially around the first tube, wherein the first tube is configured
to convey cooling fluid for cooling of the first power conductor;

a second power conductor spaced laterally from the first power conductor
and comprising a second plurality of intertwisted wires stranded at least partially
around the second tube, wherein the second tube is configured to convey cooling
fluid for cooling of the second power conductor;

a second cooling circuit separate from the first cooling circuit and comprising
an auxiliary tube spaced laterally from each of the first power conductor and the
second power conductor; and

an earth conductor; and
a plug transition coupling the charging cable assembly and the electric energy

storage, wherein the auxiliary tube is configured to convey cooling fluid for cooling of the

plug transition.

5. The charging system according to claim 4, wherein said first cooling circuit is

configured for cooling the first and second power conductors and comprises a tube

connector, a cooling unit and a pump, wherein at least one of the first tube and second

tube is surrounded by said at least two separate power conductors.

12
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6. The charging system according to claim 4, wherein said second cooling circuit
comprises a cooling block, the cooling block connected to the auxiliary tube and in
thermal conductive contact with the plug transition.

7. The charging system according to claim 4, wherein said first cooling circuit and said

second cooling circuit comprise a mutual cooling unit.

8. The charging system according to claim 4, wherein the cooling fluids of said first

cooling circuit and said second cooling circuit are cooled in a mutual cooling unit.

9. The charging system according to claim 4, wherein said earth conductor surrounds

said auxiliary tube.

10. The charging system according to claim 4, wherein the cross sectional area of the first
and second power conductors is equal to or greater than the cross sectional area of

the earth conductor.

11.The charging system according to claim 4, further comprising a signal conductor
arranged inside of said cable and configured to provide transmission of information

along said cable.

12. The charging system according to claim 4, wherein said auxiliary tube is provided at

interstices between the first and second power conductors.

13. The charging system according to claim 4, wherein a diameter of the charging cable

assembly is 45 mm or less.
13
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14. The charging system according to claim 6, wherein said second cooling circuit further

comprises a cooling unit and a pump.

14
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