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(57) Abstract: The invention is directed to a
cable assembly (10, 10a-b), comprising a
cable (10, 10a-b) with a cable hose (11, 11a-
b) and at least one conductor (12, 12a-f) ar-
ranged therein. The cable hose (11, 11a-b) is
spaced a distance apart from the conductor
(12) forming a first interstitial space (15, a-b)
between the at least conductor (12) and the
cable hose (11, 11a-b). At least one tube (20,
20a-b) for conveying of a cooling fluid (21),
and a connector (30) comprising at least one
contact member (31) interconnected to the at
least one conductor (12) and a chamber (32).
Said chamber (32) comprises a first port (33)
which is interconnected to the first interstitial
space between the at least one conductor (12,
12a-f) and the cable hose (11, 11a-b) and a
second port (34a, 34a-b) which is intercon-
nected to the at least one tube (20, 20a-b).



20

WO 2017/133893 PCT/EP2017/050981

CABLE ASSEMBLY

FIELD OF THE INVENTION

The present invention is directed to a cable assembly, in particular to a cable assembly with

a temperature regulating means.

BACKGROUND OF THE INVENTION

A wide range of publications with regard to cable assemblies that comprise temperature
regulation means is known. Such cable assemblies are e.g. used for conducting high elec-
trical currents, as for power supply for charging batteries of electrical vehicles. Following
Joule’s Law of heating, due to the high currents usually occurring in such cable assemblies
during operation high amounts of thermal energy may be generated, constituting a risk for
the cable assembly as well as for the devices interconnected with it. One way to obtain high
currents while keeping joule heating low is to reduce the electrical resistance of the con-
ductor. When using conventional conductors this is typically done by increasing the con-
ductor’s diameter and/or trying to keep the conductor at relatively low temperatures, as in

general a conductor’s electrical resistance increases with increasing temperature.

W02012/079631 was filed on 15.12.2010 by ABB Technology AG and discloses a high
voltage electric cable compromising at least one cable core and at least one cooling pipe.
The cable core is surrounded by a heat conducting element and is arranged in thermal con-
tact with at least one cooling pipe. According to an exemplary embodiment this thermal

contact can be achieved by applying pressure on the cooling pipes from outside of the elec-
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tric cable, such that the cooling pipes are pressed against the cable parts. In another em-
bodiment the cross-sections between the cable cores and the cooling pipes are filled with
a heat conducting material to ensure sufficient thermal contact. Furthermore, the filler pro-
vides a circular shape of the cable and prevent indentations in the cable surface due to
empty space between the cable cores and the cooling pipes. The degree of heat exchange
which can be obtained with such an arrangement is limited as the contact faces between
cable cores and cooling pipes are relatively small. In addition, this presupposes direct con-

tact is needed and cannot be guaranteed if the cable is bent.

GB2350474 was filed on 28.05.1999 on behalf of ABB AB and discloses a power cable
which comprises at least two coaxially arranged electrically conducting means. The inven-
tion is mainly directed to superconducting power cables, which have to be cooled to low
critical temperatures using e.qg. liquid helium or nitrogen. The inner conductor is stranded
and surrounded by a profiles extruded tubular layer with channels at the inner peripheral
surface defining channels for a coolant. A second stranded conductor is placed on the outer
peripheral of the cable with a neighboring layer compromising axial channels for a second
coolant. Such cables have a relatively complex inner architecture to meet the high demands
posed by the special types of cooling agents. Hence they are complicated to manufacture,
which has an adverse effect in terms of production costs. Thus, although such cables are
reasonable in the field of superconducting systems, they are not really suited for other ap-

plications.

CN202887849U was filed on 07.11.2012 on behalf of the Jiangsu Tiancheng Wire and
Cable Group Co. Ltd. It discloses a self-cooling power cable that compromises a plurality of

cable cores which are arranged around a sealed flexible metal pipe which may be flooded
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with a cooling medium. A temperature-measuring wire is placed in the metal pipe to meas-
ure the temperature of the whole cable. When the temperature within this metal-pipe
reaches a pre-set temperature an alarm is sent out and water is injected into the metal-
pipe to cool down the cable. Due to the metal pipe the resulting power cable has a very

limited flexibility.

WO02015/119791A1 was filed on 23.01.2015 on behalf of Tesla Motors and relates to
a charging system for an electric vehicle that includes a charging station, a cable and a
cable connector comprising a cooling conduit to reduce charging times and enhance the
cable flexibility. The cables comprise a minimum of two conductors with additional cooling
conduits. Furthermore, signal cables and ground connectors are present within the cables
structure. One embodiment of the cable has a central coolant conduit and multiple radially
positioned conduits. The conduits are formed as an integral structure of an extrusion part.
At the end of the cable the central coolant conduit and the multiple radially positioned con-
duits can be coupled. In some implementations, the connector can serve as a turnaround
point for coolant that has flowed in one direction inside the charging cable or in other im-
plementations, the coolant may continue through the connector without returning, for ex-
ample into a coolant reservoir of the vehicle. However, due to the special alignment of the
incoming and outgoing portions of the coolant conduit, incoming coolant is heated by out-
going coolant. This decreases the efficiency of the cooling system. As well, the document
discloses to use a thermal filler material in order to increase thermal transfer and thus im-
prove cooling. However, such filler material will increase resistance to bending of a cable

and hence deteriorate handling of the cable.

US5591937A published in 1997 by General Motors Corp. relates to a transmission cable

which is electrically coupled between the power source and the electric vehicle for coupling
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electrical power to the batteries via an inductive charge port on the vehicle. The transmis-
sion cable system incorporates cooling channels that encircles electrical conductors with
coolant with a respective cooling system that for storing, cooling, and pumping coolant. A
pressure sensitive switch determines the pressure in the cooling system and provides an
output signal indicative of a drop in sensed pressure and therefore enables a breach or leak
detection. A controller is coupled to the pressure sensitive switch that is responsive to the
output signal from the switch for shutting down the inductive charging system in the event

of a drop in sensed pressure.

WO15150277 published on the 08.01.2015 by Siemens relates to a cooling device for
cooling a cable assembly, containing an outer pipe, which is designed to accommodate the
cable assembly in such a way that an intermediate space for accommodating a cooling
water layer remains between the outer pipe and the cable assembly. A pressure monitoring
device and a pressure controller control the water pressure in the cooling water layer and
detect cable damages which cause the water to leak and result in a detectable pressure

foss.

SUMMARY OF THE INVENTION

In order to solve at least one of the aforementioned problems, a cable assembly according
to the present invention typically comprises a cable hose and at least one conductor ar-
ranged 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. Fur-
thermore the cable assembly may comprise at least one tube for conveying of a cooling

fluid for cooling of the cable assembly. Alternatively or in addition to at least one tube, the
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atmosphere may be used for conveying cooling of a fluid for cooling of the cable assembly,
hence e.g. a gaseous cooling fluid like air may be taken from the atmosphere or may be
drained off to the atmosphere. In addition the cable assembly comprises a connector com-
prising 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, respectively to the atmosphere, such that cooling fluid
may circulate from the tube, respectively the atmosphere, into the first interstitial space or
vice versa. In that the cooling fluid is guided in the first interstitial space along the at least
one conductor a very good cooling of the at least one inner conductor is achieved in com-
parison to a conventional assembly as known from the prior art. Hence, by such a fluid
path large-area contact between the cooling fluid and the at least one conductor can be
obtained without the need of further contact elements or filler materials. The chamber may
be arranged inside the connector or inside the cable. Alternatively, it may also be arranged
in an adapter member — such as e.g. a cable terminal means — that connects the cable with

the connector.

A cable assembly with a particularly good handling can be obtained, if at least some of the
components arranged inside of the cable hose can be displaced in longitudinal direction of
the cable with respect to each other. Hence, a cable with a relatively low bending stiffness
can be obtained if compared to the cables known from the prior art. Thanks to the special
type of fluid path according to the present invention, such relative displacements can easily

be obtained without decreasing cooling capacity.
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As the first interstitial space is used for cooling fluid, cables and/or connectors with partic-
ularly low spatial dimensions, as well as relatively low weight, can be implemented, offer-
ing particularly good flexibility and handling even if high electrical currents have to be con-
ducted. As no complex mechanical heat transfer members or fillers are needed, a cable
assembly with highly efficient temperature regulation thus can be obtained at relatively low

Costs.

The invention is not limited to a specific type of conductor. Hence the at least one conduc-
tor may e.g. comprise solid wires and/or stranded wires and/or braided wires. As well, dif-
ferent types of conductors with different cross-section may be arranged inside the cable
hose. Normally the at least one conductor comprises a first sheath, respectively jacket. Thus
certain parts of the at least one conductor may be protected from a cooling fluid, e.g. in
order to prevent chemical reactions/corrosion and/or to obtain electrical insulation. For
some purposes and in combination with certain cooling fluids, at least one sheath-less con-

ductor can be used, which allows high efficient cooling of said conductor.

For certain applications, an embodiment of a cable according to the invention may com-
prise a stranded wire that is stranded in a first lay direction and which does not have a first
sheath. The embodiment further comprises a spacer wound helically around the stranded
wire in a second lay direction opposite to the first lay direction, said spacer being an elec-
trical conductor - such as e.g. a wire or a stranded wire — itself. The spacer may comprise
a sheath or may comprise no sheath. Thus, a particularly economic cable may be obtained

that is suited for certain applications.

The contact member of the connector may e.g. be a pin and/or a socket and/or an inductive
coil/antenna in order to establish contact to a corresponding other connector, respectively

device, such as e.g. a charge port of an electric vehicle.
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The chamber may e.g. comprise a tube, fluidically interconnecting the first port with the
second port. In a preferred embodiment the chamber is part of a cooling system of the
connector. If appropriate the chamber is thermally interconnected to the at least one con-

tact member or forms part thereof, as will be explained in more detail below.

Depending on the field of application the cooling fluid may be used in addition or alterna-
tively for heating of the cable assembly respectively components of the cable assembly.
This may be appropriate in cold environments, e.g. during winter time at a charging station
for vehicles in order to increase the flexibility of the cable and thus improve handling of the
cable assembly. The invention further allows to seamlessly switch between cooling mode

and heating mode.

Good results are achieved by using a cooling fluid which comprises a liquid. Particularly
good results may be obtained if the liquid is selected of the group consisting of oil (in par-
ticular mineral oil, vegetable oil, animal oil, silicone, fluorinated oil), water, alcohol (in par-
ticular glycol) and liquid gallium. For some applications, the cooling fluid may be an elec-
trically insulating cryogenic fluid. The cooling fluid may also be a material that undergoes
a phase transition when being in the cable assembly. Due to the cooling fluid being con-

veyed in the first interstitial space, also event relatively viscous cooling liquids may be used.

Depending on the field of application the cooling fluid may also comprise a gas such as e.g.
air. In particular, the cooling fluid may be dehumidified compressed air. For certain appli-
cation, the cooling fluid may also comprise an inert gas, e.g. in order to obtain gaseous fire
protection and/or to prevent chemical corrosion. For some special applications, the cooling

fluid may be an electrically insulating cryogenic gas.
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Improved temperature regulation may be obtained if at least one tube for conveying a cool-
ing fluid is arranged inside of the cable hose, in particular if the at least one tube is at least
partially in thermal contact with the at least one conductor and/or the cooling fluid con-
veyed in the first interstitial space. Hence, by adjusting the at least one tube’s alignment
with respect to the at least one conductor and/or the first interstitial space and/or by ad-
justing tube size and volume flow rate of the cooling fluid within the tube and/or by adjust-
ing the thermal conductivity of the at least one tube’s wall, a cable assembly with very
evenly distributed cooling capacity can be obtained. For some applications, the tube may
comprise a wall made from a thermally insulated material. Hence, for some applications,
the tube may comprise a wall which is at least partially made from a material with a high
thermal conductivity. For some applications, the tube may comprise a conductor suited for
the transmission of power and/or information, arranged in the wall or in the internal open-
ing of the tube. Thus, even highly temperature-sensitive conductors can be arranged in the

cable, particularly well-protected by the cooling fluid from overheating.

In a preferred embodiment incoming cooling fluid is conveyed in the tube at a higher con-
veying velocity compared to the first interstitial space where it is conducted at a lower ve-
locity along the conductors. Thus thermal transfer to the cooling fluid inside of the tube can
be minimized. In that the tube is arranged outside of the hose the tube is thermally sepa-
rated from the hose and the therein arranged at least one conductor. In an embodiment,
the at least one tube for conveying a cooling fluid may at least partially be arranged outside
of the cable hose. In such an embodiment, the at least one tube and the cable hose may be
arranged in an outer cable housing. In one embodiment, the tube may also at least partially
be arranged inside of the hose, at least along a portion of the cable, as will be explained in

more detail below.
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To obtain efficient regulation of the temperature of the cable assembly a spacer may be
arranged in the first interstitial space of the cable. One aim of the spacer is to avoid collaps-
ing of the first interstitial space inside of the cable hose, in particular if the cable is bent. A
further object of the spacer may be to take influence on the flow of the liquid, i.e. to im-
prove heat exchange between at least one cable and the cable hose, e.g. by vortex gener-

ation.

For some applications, in order to increase thermal transfer at least in a certain region along

the cable, a tube may comprise vortex generating means in order to prevent laminar flow.

The spacer may be used in order to decrease and/or increase flow resistance for the cooling
fluid at least in certain portions of the cable. Thus, circulation, respectively distribution, of
cooling fluid within the first interstitial space — and consequently thermal transfer between

the at least one conductor and cooling fluid — can be controlled.

Good results, respectively heat transfer, can be obtained if the spacer is arranged between
the cable hose and the at least one conductor. Thus, good circulation of cooling fluid
around many types of conductors can be obtained. A cable assembly with very efficient
thermal transfer as well as which is easy to manufacture can be obtained if the spacer is a

helix, as will be explained in more detail below.

The spacer may e.g. be helically wound around the at least one conductor or around mul-
tiple conductors if present. Thus, very efficient heat transfer may be obtained as well as -
particularly if multiple conductors and/or tubes and/or other components are present in-
side of the cable hose — a cable assembly with a structurally very stable cable core can be

obtained. As well, manufacturing of the cable core can be simplified.
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The spacer may comprise a cord-like structure. The cross-section of the spacer may e.g. be
round or out-of-round, such as e.g. oval or angled. Alternatively or in addition, the spacer
may comprise a mesh-like structure. in order to increase flux of the cooling fluid, the spacer
may have a cross-section that varies in shape and/or in diameter along the cable. Hence
the spacer may e.g. be a cord with slubs and/or thin spots. Hence clogging of the first in-
terstitial space may be avoided as well as laminar flow of the cooling fluid in the first inter-
stitial space may be prevented - if desired — in order to increase heat transfer between the
cooling fluid and the at least one conductor. For some applications, the spacer may have a
reinforced core. As well, the spacer may comprise an electrical conductor (for conducting
power and/or information) and/or an optical fiber and/or a temperature sensor. In partic-

ular, the spacer may be a ground conductor (protective earthing).

The spacer does not have to be an independent component and hence may at least be
partially formed at the cable hose (respectively be part of it) and/or at a first sheath of a
conductor. As such, the spacer may comprise e.g. a protrusion, like a rib or a stud. For some
application, also a tube may be used as a spacer, such as a tube configured to convey a
cooling fluid or another type of fluid, in particular pressurized gas. Good results may be

obtained if at least one tube is helically wound around the at least one conductor.

In order to control temperature regulation or for other purposes, the cable assembly may
comprise a thermal sensor arranged at least partially inside the cable hose. Good results
may be obtained if the thermal sensor is an electrical conductor. As such, e.g. a highly
thermo-sensitive electrical conductor may be arranged inside of the cable and extend along

the cable in order to detect critical temperature at any location inside of the cable.
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For some applications at least one tube to convey a cooling fluid is arranged in the center
region of the cable hose and at least two conductors are arranged radially around the at

least one tube between the at least one tube and the cable hose.

Good distribution, respectively circulation, of cooling fluid in the first interstitial space may
be obtained if a first spacer is wrapped helically in a first lay direction around the bundle
formed of the at least two conductors and the at least one tube. In addition, such an ar-
rangement simplifies manufacturing of a cable assembly. Alternatively or in addition, for
some types of conductors and/or tubes, at least a second spacer may be wrapped helically

around (a single) one of the at least two conductors.

In order to obtain cables with specific mechanical properties — as well as to improve heat
exchange — the at least two conductors may be stranded in a second lay direction opposite
to the first lay direction around the at least one tube, as will be explained in more detail
below. The absolute value of the pitch of the helical arrangement/lay of the conductors
may be equal or may be different than the one of the spacer. The pitch of the spacer may
be chosen such that a particular volume flow rate of a cooling fluid in the first interstitial

space between the conductor and the cable hose is obtained.

Alternatively or in addition, the at least two conductors and the at least on tube may be laid
in parallel to each other, hence be straight. Thus, the arrangement of conductors and/or

tubes within the cable hose may be varying along the cable length.

In order to obtain a very durable cable assembly, the cable hose may be configured to me-
chanically support the structure and/or the alignment of the conductor and/or tube ar-
ranged within the cable hose (as well as any other components arranged therein). There-

fore, the cable hose may e.g. comprise an elastic means, such as a helical spring element
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integrated in the cable hose in order to provide a certain resilience in radial direction -
which may be advantageous in order the decrease bending stiffness of a cable — while still
maintaining a certain cross-section of the cable hose. A spacer may fulfil or at least support

this function.

The cable hose may comprise multiple layers. Thereof, at least one layer may be imperme-
able for the cooling fluid that is used. For some applications, at least one layer may provide
electrical insulation. In order to prevent heat transfer from the environment through the
cable hose to the cooling fluid, the cable hose may comprise at least one layer made from
a thermal insulating material. Alternatively or in addition, the cable hose may also comprise
a layer made from a material with a high thermal conductivity in order to support dissipa-
tion of thermal energy through the cable hose and to the environment. In order to provide

mechanical protection, at least one layer may comprise a reinforcement.

A cable may also comprise a center conductor, e.g. a stranded wire, arranged in the center
of the cable’s cross-section and having a first sheath. A first concentric layer of an insulation
such as an insulating tube, may be arranged such that it envelops the first sheath. The first
sheath and the first concentric layer of insulation may be interposed with first spacers ar-
ranged around the center conductor in order to define a first interstitial space between first
sheath and first concentric layer of insulation to convey a cooling fluid in a first direction
along the cable. At least one layer of multiple conductors may be arranged such that it
envelops the first concentric layer of insulation. A second concentric layer of an insulation
may be arranged such that it envelops the at least one layer of multiple conductors. Second
spacers may be arranged around the second concentric layer of an insulation in order to
define an additional interstitial space between the second concentric layer of insulation and

the cable hose to convey a cooling fluid in a second direction along the cable. The second
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direction may be the same direction like the first direction or be opposite to the first direc-

tion.

Good results may also be obtained, if a cable comprises multiple layers of multiple conduc-
tors concentrically arranged and interposed with concentric layers of insulation — insulat-
ing tubes — as well as concentric layers that comprise spacers which define a first interstitial
space in which a cooling fluid can be conveyed as will be shown in more detail below. Ac-
cording to another embodiment of the invention, instead of a center conductor, also at
least one tube to convey a cooling fluid may be arranged in the center of the cable, as will

be shown in more detail below.

Particularly good cooling efficiency may be obtained if the temperature of the cooling fluid
conveyed closer to the center of the cable, e.qg. in a first interstitial space, is lower than the
temperature of the cooling fluid conveyed further away from the center of the cable, e.g.

in an additional interstitial space, as will be shown in more detail below.

For some applications — e.g. in order to conduct particularly high electrical currents — the
at least one contact member may comprise a channel for cooling of the contact member.
The channel may be fluidically interconnected with the chamber and/or the first interstitial
space and/or with the atmosphere and/or a tube to convey cooling fluid as will be ex-

plained in more detail below. The channel may also extend to other parts of the connector.

The connector may also comprise heat exchanging means (e.g. ribs, stubs) to increase
thermal transfer to the environment, respectively surrounding air and the channel may be
arranged such that thermal energy can be transported from the contact member to such
heat exchanging means. Hence the cooling fluid may be used in order to transport thermal

energy from the at least one conductor and/or contact member — which will typically be at
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least partially arranged in the center of the connector — to the surface of the connector and

hence increase dissipation of thermal energy.

The cable assembly may also comprise an auxiliary tube for conducting of an auxiliary fluid.
An auxiliary fluid may be the same type of fluid like the cooling fluid as described herein.
However, it may also comprise a different fluid. For some applications, the cooling fluid
may be a liquid in order to requlate temperature within the cable and the auxiliary fluid may
be a gas, such as pressurized air, in order to regulate temperature in a consumer connected
to the cable assembly. In particular, the auxiliary fluid may be dehumidified pressurized air
in order to cool power electronics and/or energy storage means (batteries) in a consumer,
such as an electric device, like an electric vehicle. Therefore, the connector may comprise
auxiliary connecting means in order to deliver and/or receive an auxiliary fluid to a con-

sumer device connected to the connector.

According to another aspect of the invention the cable assembly does not comprise at least
one tube for conveying of a cooling fluid and instead the second port is fluidically intercon-
nected to a reservoir to drain-off cooling fluid to the reservoir and/or take cooling fluid
from the reservoir. Good results may be obtained if the reservoir is the atmosphere, such
as e.g. the cooling fluid is air, in particular compressed air drained off through the second

port of the connector.

The cable may also comprise at least one signal conductor in order to provide transmission
of information along the cable, e.g. between the connector and/or a device connected to
the connector and a device connected to the other end of the cable. The signal conductor

may comprise e.g. an electric conductor and/or an optical fiber.
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It is another object of the present invention to provide a cable for a cable assembly as de-
scribed herein. It will be appreciated that the cables as described herein can be regarded as
an independent inventive concept and thus can be used independently of the described

connectors.

It is yet another object of the present invention to provide a connector for a cable assembly

as described herein.

A connector may comprise at least one auxiliary channel arranged such that when the con-
nector is connected to a device, a cooling fluid and/or an auxiliary fluid can be conveyed
between the cable (respectively connector) and the device. The device may e.g. be a power

consumer, such as an electric vehicle.

In one variation the cable assembly further comprises an adapter charger for the intercon-
nection of the at least one conductor to an outer power source and at least one first inter-
stitial space and/or tube conveying the cooling fluid fluid-tight to an external fluid machin-
ery, such as e.qg. a fluidic pump. Hereby, the adapter charger may comprise a second cham-
ber with a first port which is interconnected to the tube and a second port which is inter-
connected to the first interstitial space of the cable so that the cooling fluid is guided along-
side the contact member of the adapter charger to cool the same before transmitting the

cooling fluid to the external fluid machinery.

The cable may further comprise a supporting cord, which provides a suspension for strain
relief of the cable and which interconnects a port of the adapter charger to the connector
to provide strain relief of the cable. Other additional ports on the adapter charger are pos-
sible for further interconnecting individual cable parts, such as data cable, grounding cable

etc.
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In a further variation, the cable assembly is surrounded by a second sheath forming a sec-
ond interstitial space between the at least one cable hose of the conductor and the second
sheath. Alternatively, other additional cables may be present within the second sheath such
as e.g. data cables, grounding cable, etc. The second interstitial space can receive a control
fluid that is pressurized. The second interstitial space is further interconnected to a device
that may pressurize the control fluid in the interstitial space, such as e.g. a compressor. A
detecting means may be present which senses a loss of the control fluid from the cable
assembly. This can be realized by e.g. by measuring the pressure of control fluid and hence
being able to detect an overall pressure loss. Such a fluid loss may occur e.qg. if the second
sheath of the cable or the connector is damaged in a way that the pressurized control fluid
leaks out. If such aloss is detected, the cable assembly can then be electrically disconnected
from the power source until repair arrangements have been made. This improves the over-

all safety and reliability of the cable assembly.

It is yet another object of the present invention to provide a charging system for an electric

energy storage comprising a cable assembly as described herein.

Another problem arising when using charging systems for electric energy storages com-
prising cable assemblies turns out to be damage of the connectors due to accidental
maloperation. Despite technological progress, most connector assemblies are still relatively
heavy, inflexible and bulky. This makes handling of such cables often inconvenient and
cause them being accidentally dropped by a user. Due to the typically high weight of the
cable and connector, collision of the falling connector with the floor and/or a consumer
(e.g. a vehicle) may cause damage to the cable assembly and/or to the consumer. Such

damage includes deformation as well as cracks, abrasion and spalling of the consumer
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and/or the connector, respectively the connector housing. If a damaged connector is con-
tinued to be used, this may result in damage of a consumer as well as loss of user safety
and malfunction. On the other side, replacement of a connector and/or a complete con-

nector housing is usually costly as well as labor-intensive.

Therefore, a further independent inventive concept relates to a connector that can with-
stand high mechanical loads as may occur due to maloperation, such as accidental drop-
ping of a cable assembly. Such a connector represents an independent inventive concept
that is in particular advantageous if being used for a cable assembly as described heren,
but can be advantageous also for other cable assemblies, regardless of the cable and type

of connector that is used.

Typically, a connector according to this aspect of the invention comprises a connector
housing and at least one impact absorbing means arranged at an outer face of the con-
nector housing. An impact may e.g. be a mechanical impulse caused by a collision between

the connector and another object or may be abrading, e.g. when a cable touches ground.

A connector may comprise multiple impact absorbing means arranged at the same or at

different regions of the connector housing.

Good mechanical protection of particularly sensitive parts of the connector may be ob-
tained if the connector comprises at least one mechanical guard that at least partially sur-
rounds an electric and/or fluidic contact to be interconnected with a mating corresponding
connector and wherein the at least one impact absorbing means is arranged at the me-
chanical guard. An electric contact may e.g. be a connecting pin, such as a fast DC charging

pin, an AC charging pin or a grounding pin.
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Good results may be obtained if the mechanical guard comprises a collar and if the at least
one impact absorbing means is arranged at a ridge region of the collar. Hence, by using
such an arrangement, damage of electric and/or fluidic contacts as well as a mechanical

guard due to accidental dropping of the connector can be significantly reduced.

The at least one impact absorbing means may comprise an augmentation at a corner
and/or at a bend of the connector housing to distribute an impact load induced in the at
least one impact absorbing means. The augmentation may e.g. be a volumetric augmen-
tation and/or an augmentation by shape and/or an augmentation by type of material.
Hence regions that are particularly prone to damage may be efficiently augmented without
interfering with the main functionality of the connector, as will be shown in more detail

below.

For some applications, the connector housing may be mainly made from a first material
and the at least one impact absorbing means may be mainly made from a second material,
whereby the elastic modulus of the first material is higher than the elastic modulus of the

second material.

Good results may be obtained if the at least one impact absorbing means is at least partially
made from an elastic material and/or a visco-elastic material. Depending on the application,
the at least one impact absorbing means may be at least partially made from a material

chosen from the group comprising: rubber, silicone, polyurethane.

The at least one impact absorbing means may be interconnected with the connector hous-
ing by means of a chemical connection, in particular by means of an adhesive connection
and/or by a welding connection. Hence, a particularly reliable, tamper- and sabotage-

proof connector can be obtained.
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Alternatively or in addition, the at least one impact absorbing means may be intercon-
nected with the connector housing by means of mechanical connection, in particular by a
clamping connection and/or by a snap connection and/or by a frictional connection. Thus,
a connector that can be manufactured relatively easily can be obtained. As well, if desired,
such an interconnection allows easy replacement of an impact absorbing means for exam-

ple if a certain degree of abrasion of the impact absorbing means is obtained.

The at least one impact absorbing means may comprise at least one protrusion arranged
to be received by an opening arranged at the connector housing in order to establish a
mechanical interconnection between the connector housing and the at least one impact
absorbing means. Thus a particularly good mechanical interconnection between the at
least one impact absorbing means and the rest of the connector housing can be obtained.
Alternatively or in addition, the at least one impact absorbing means may comprise at least
one opening arranged to reveive at least one protrusion arranged at the connector housing.
Mechanically highly competent interconnections between at least one impact absorbing
means and a connector housing for some types of connectors may be obtained if the open-

ing is a groove.

Cost-effective production of some types of connectors may be obtained if the at least one
impact absorbing means is interconnected with the connector housing by means of a two

components injection molding process.

In order to obtain a connector that is particularly resistant to atmospheric attack, the at
least one impact absorbing means may comprise at least one sealing means arranged to
interact with a corresponding mating connector such that when in a coupled state with the
corresponding mating connector an essentially fluid tight interconnection between the

sealing means and the corresponding mating connector is established.
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Good results may be obtained if the at least one sealing means comprises a sealing face or
is a sealing face arranged to align with a corresponding sealing means (e.g. a correspond-
ing sealing face and/or ridge and/or edge) of a corresponding mating connector when in

a coupled state.

In order to increase user safety, the at least one impact absorbing means may comprise a
damage indicating means arranged to indicate a critical load history and/or critical wear of
the connector. Such a damage indicating means may indicate prior critical stress and/or
strain to the connector. Thus, it can e.g. provide information to a user in order to decide if
a part of the connector (e.g. a whole housing or an impact absorbing means) has to be
replaced and/or a deeper inspection of the connector has to be performed in order to de-
tect critical damage and/or if the connector has to be replaced. The damage indicating
means may comprise a first solid body with a first color that is at least partially surrounded
by a second solid body which at least partially has a second color that differs from the first

color. Thus e.qg. visual appearance of the first color may indicate abrasion and/or spalling.

Another aspect of the invention is directed to providing an impact absorbing means for a

connector.

BRIEF DESCRIPTION OF THE DRAWINGS

The herein described invention will be more fully understood from the detailed description
of the given herein below and the accompanying drawings, which should not be consid-

ered as limiting to the invention described in the appended claims.
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schematically shows a first embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view,

shows a cross-section of the cable of Fig. 1;

schematically shows a second embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view;

shows detail A of Fig. 3;

schematically shows a third embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view;

schematically shows a fourth embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view;

schematically shows a fifth embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view;

shows a cross-section of the cable of Fig. 7a;

schematically shows a sixth embodiment of a cable for a cable assembly ac-

cording to the present invention in a perspective view;

shows a cross-section of the cable of Fig. 8a;

schematically shows an embodiment of cable assembly according to the pre-

sent invention in a perspective view,
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22

shows the cable assembly of Fig. 9 with the connector being partially clipped

for illustrative purposes;

schematically shows another embodiment of a cable assembly according to

the present invention in a perspective view,

shows the cable assembly of Fig. 11 with the connector being partially clipped

for illustrative purposes;

schematically shows another embodiment of a cable assembly according to

the present invention in a perspective view,

shows the cable assembly of Fig. 13 with the connector being partially clipped

for illustrative purposes;

schematically shows another embodiment of a cable assembly according to

the present invention in a perspective view;

shows the cable assembly of Fig. 15 with the connector being partially clipped

for illustrative purposes;

schematically shows another variation of a cable assembly according to the
present invention in a perspective view with the connector being partially

clipped for illustrative purposes;

shows a breakout of the cable according to the cable assembly of Fig. 18;

shows details of the connector according to the cable assembly of Fig. 17;
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23

shows a perspective view of an adapter of the charging station for a cable as-
sembly according to Fig. 17 with the adapter charger being partially clipped

for illustrative purposes;

shows the adapter charger according to Fig. 20 in a side view with the charger

being partially clipped for illustrative purposes;

shows first details of the flange section of the adapter charger according to the

cable assembly of Fig. 21;

shows second details of the contact section of the adapter charger according

to the charger of Fig. 21;

shows a cable assembly comprising a connector according to Fig. 17 and a

charger according to Fig. 20;

schematically shows a connector with an impact absorbing means according

to the invention;

schematically shows the connector of Fig. 25, the impact absorbing means be-
ing disconnected from the rest of the connector housing for illustrative pur-

poses;

schematically shows another connector with an impact absorbing means ac-

cording to the invention;
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Fig. 28 schematically shows the connector of Fig. 27, the impact absorbing means be-
ing disconnected from the rest of the connector housing for illustrative pur-

poses;

Fig. 29 schematically shows yet another connector with an impact absorbing means

according to the invention;

Fig. 30 schematically shows the connector of Fig. 29, the impact absorbing means be-
ing disconnected from the rest of the connector housing for illustrative pur-

poses.

DETAILED DESCRIPTION OF THE INVENTION

The foregoing summary, as well as the following detailed description of the preferred em-
bodiments, 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,
it being understood, however, that the invention is not limited to the specific methods and

instrumentalities disclosed.

Fig. 1 and Fig. 2 show a first possible embodiment of a cable 10 for a cable assembly 1
according to the invention. The cable 10 comprises a cable hose 11. Inside of the cable
hose11 a first and a second conductor 12a, 12b are arranged which extend along the ca-

ble 10. The conductors 12a, 12b are spaced a distance apart the cable hose 11, forming a
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first interstitial space 15. As well, the cable 10 comprises two tubes 20a, 20b that are ar-
ranged for conveying a cooling fluid along the cable 10 and are arranged inside of the cable
hose 11. The conductors 12a, 12b and the tubes 20a, 20b are arranged such that they
form some kind of a bundle 2 and are twisted/stranded in a first lay direction. The first
interstitial space 15 between the bundle 2 and the cable hose 11 as well as between the
conductors 12a, 12b and the tubes 20a, 20b can be filled/flooded with cooling fluid as
well. During operation of a cable assembly (not shown), cooling fluid typically will first be
conveyed in the tubes 20a, 20b in a first direction (e.g. positive z-direction) from a first
end of the cable 10 to a second end, where a connector (not shown) is arranged. In the
connector or a cable terminal means, the cooling fluid will be bypassed to the first intersti-
tial space 15 where it is conveyed back to the first end of the cable 10. Between the bundle
2 and the cable hose 11 a spacer 25 is arranged which keeps the conductors 12a, 12b
spaced apart from the cable hose 11 such that the cooling fluid 21 can circulate around
the conductors 12a, 12b which allows highly efficient heat transfer from the conductors
12a, 12bto the cooling fluid. The spacer 25 is wound helically around the bundle 2 in a lay
direction that is opposite to the one of the bundle 2, which improves distribution of the
cooling fluid 21 within the first interstitial space 15 and hence increases heat transfer. At
the same time, the spacer 25 structurally stabilizes the bundle 2 during assembly of the
cable 10. With an embodiment of a cable 10 as shown in Fig. 1 and Fig. 2 high electrical
currents can be transmitted using conductors 12a, 12b that have a relatively low cross
section. Hence, an embodiment of a cable 10 as shown in Fig. 1 and Fig. 2 can be used to

conduct high electrical currents while still being relatively flexible and thus easy to handle.

Fig. 3 and Fig. 4 show another embodiment of a cable 10 for a cable assembly according
to the invention. The cable 10 comprises a central tube 20 for conveying of a cooling

fluid2 1. Six conductors 12a-f are arranged radially around the tube 20 between the tube
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20 and the cable hose 11. Each of the conductors 12a-f comprises a first sheath 13 that
provides electrical insulation. The resulting bundle 2 is stranded in a first lay direction and
is helically wound by a spacer 25 in a second lay direction. Thus, again distribution of the
cooling fluid 21 in the first interstitial space 15 and consequently also heat exchange can

be improved.

Fig. 5 shows another embodiment of a cable 10 for a cable assembly according to the
invention. The cable hose 11 has an oblate shape, hence does not have a circular cross-
section. The cable 10 comprises two conductors 12a, 12b which are both helically wound
by a separate spacer 25a, 25b and a tube 20a for conveying of a cooling fluid. As well, an
auxiliary tube 51 for conveying of an auxiliary fluid and a signal conductor 53 which serves
as thermal sensor are arranged in the first interstitial space 15 between conductors 12a,
12b and cable hose 11. As well, the embodiment of a cable 10 shown comprises a thermal
sensor 50 that is arranged in the first interstitial space 15. The thermal sensor 50 shown is
embodied a highly thermo-sensitive electrical conductor and serves to detect critical tem-

perature at any location inside of the cable 10 along (z-direction) the cable 10.

Fig. 6 shows another embodiment of a cable 10 for a cable assembly according to the
invention which comprises a conductor 12 arranged in the cable hose 11 and which is hel-
ically wound by a spacer 25. Outside of the cable hose 11 a tube (not shown) for convey-

ing of a cooling fluid may be arranged.

Fig. 7a and 7b show an embodiment of a cable 10 with a concentric structure. In the center

of the cable 10 a tube 20 to convey a cooling fluid 21 is arranged. A first concentric layer

of conductors 28a envelopes the tube 20, allowing thermal transfer between the first con-
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centric layer of conductors 28a and the cooling fluid 21 inside of the tube 20. A first elec-
trically insulating tube 26 envelops the first concentric layer of conductors 28a. A second
concentric layer of conductors 28b envelopes the first electrically insulating tube 26. A sec-
ond electrically insulating tube 27 which is also impermeable for cooling fluid envelops the
second concentric layer of conductors 28b. Spacers 25a-f are arranged around the second
concentric layer of an insulation in order to define a first interstitial space 15 between the
second insulating tube 27 and the cable hose 11 of the cable to convey a cooling fluid 21
in a second direction along the cable 10. Good results using such a cable 10 may be ob-
tained if cooling fluid 21 with an initial low temperature is first conveyed in the tube 20
along the cable 10 whereby sufficient thermal transfer between the first concentric layer
of conductors 28a and the cooling fluid 2 1 takes place. The low temperature of the cooling
fluid induces a high temperature gradient which effects efficient heat dissipation from the
first concentric layer of conductors 28a to the cooling fluid 21 in the tube 20, although the
area of interface between the first concentric layer of conductors 28a (respectively the first
electrically insulating tube 26) and the tube 20 is relatively low. After being conveyed along
the cable 10, the cooling fluid has a slightly increased temperature and is bypassed to the
first interstitial space 15 between where it is conveyed in the opposite direction along the
cable 10. As the area of interface between the second concentric layer of conductors 28b
(respectively the second electrically insulating tube 27) and the first interstitial space 15 is
relatively large, sufficient dissipation of heat from the second concentric layer of conduc-
tors 28b to the cooling fluid 21 in the first interstitial space 15 can be obtained, even if the

temperature of the cooling fluid 21 is higher than it initially was in the tube 20.

Fig. 8a and 8b show a second embodiment of a cable 10 that has a concentric structure.
In the center of the cable 10 a stranded conductor 12 is arranged which comprises a first

sheath 13 that provides electrical insulation as well as it is impermeable for cooling fluid. A
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first electrically insulating tube 26 which is impermeable for cooling fluid envelops the first
sheath 13, spaced a distance apart from the first sheath 13. The first sheath 13 and the
first electrically insulating tube 26 are interposed with first spacers 25 arranged around the
center conductor 12 in order to define a first interstitial space 15a between the first sheath
13 and first electrically insulating tube 26 to convey a cooling fluid in a first direction along
the cable. A concentric layer of multiple conductors 28a is arranged such that it envelops
the first electrically insulating tube 26. A second electrically insulating tube 27 is be ar-
ranged such that it envelops the concentric layer of multiple conductors 28a. Second spac-
ers 25 are arranged around the second electrically insulating tube 27 in order to define an
additional interstitial space 15b between the second electrically insulating tube 27 and the
cable hose 11 to convey a cooling fluid in a second direction along the cable 10 as sche-
matically shown in Fig. 8b. For the same reasons as given above regarding Fig. 7a and 7b,
efficient cooling may be obtained if cooling fluid is first conveyed in the first interstitial
space 15a and subsequently in the additional interstitial space 15b.Fig. 9 and Fig. 10 show
an embodiment of a cable assembly 1 according to the invention, comprising a cable 10
with a cable hose 11 and two conductors 12a, 12b which are arranged inside the cable
hose 11. At one end of the cable 10 a connector 30 is arranged. The connector 30 com-
prises a contact member 31 which is electrically interconnected with one of the conductors
12a. The connector 30 further has a chamber 32 which comprises a first port 33 that is
interconnected with the cable hose 11, respectively the first interstitial space 15 inside the
cable hose 11. As well, the chamber 32 comprises a second port 34 which is intercon-
nected with a tube 20 (only shown in Fig. 10) arranged in the cable 10 for conveying of a
cooling fluid 21. The cable 10 may be a type of cable as disclosed in Fig. 1. As indicated in
Fig. 10 by means of the dashed arrow, the cooling fluid 21 may enter the chamber 32 via
the second port 34 and then be conveyed in a channel 35 for cooling the contact member

31. Hence cooling fluid 21 is provided by the tube 20 and conveyed from the second port
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34 through the channel 35 in order to cool the contact member 31 and afterwards through
the chamber 32 to the first port33 from where it is conveyed in the first interstitial space
(not shown in detail) of the cable 10 in order to cool the conductors 12a, 12b arranged
inside of the cable hose 11. In addition, as shown in Fig. 9, the connector 30 comprises a

data port 36 that can serves as an entry point for a data cable 54.

Fig. 11 and Fig. 12 show a further embodiment of a cable assembly 1 according to the
invention, comprising two cables 10a, 10b which each comprise only one conductor 12
and one connector 30 (not all visible in the Figures). The cables 10a, 10b may e.g. be a
type of cable as shown in Fig. 6. As schematically shown in Fig. 12, for each one of the
cables 10a, 10b the connector 30 comprises a chamber 32 which has a first port 33 inter-
connected with the cable hose 11a of the cable 10a — respectively the first interstitial space
(not shown) therein— and a second port 34 that is arranged to be connected to a tube 20a
for conveying of a cooling fluid. As in Fig. 9 and Fig. 10, cooling fluid (indicated by the
dashed arrow) can be conveyed from the second port 34 through the chamber 32, thereby
cooling a portion of the connector 30, to the first port 33 and then through the first inter-
stitial space (not shown in detail) of the cable 10a in order to cool the conductor 12 ar-
ranged inside of the cable hose 11. Alternatively, also only one tube 20a may be used in

order to provide cooling fluid both cables 10a, 10b.

Fig. 13 and Fig. 14 show a further embodiment of a cable assembly 1 according to the
invention with a similar setup like the embodiment 1 shown in Fig. 11 and Fig. 12. Yet, the
cable assembly 1 shown in Fig. 13 and Fig. 14 comprises only one cable 10 interconnected
with a connector 30. In order to obtain temperature regulation of the cable assembly 1-

respectively cooling of the conductors 12 —, cooling fluid (indicated by the dashed arrow)

provide by a tube (not shown) can enter a chamber 32 arranged within the connector 30
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via a second port 34 and circulate around conductors 12a, 12b arranged inside of the ca-
ble hose 11 and extending through the chamber 32 to contact members 31 (only one
contact member is visible). Thus, the portions of the conductors 12a, 12b arranged within
the chamber 32 can be prevented from overheating. As well, the chamber 32 comprises a
first port 33 that is interconnected with the cable hose 11 and through which the cooling
fluid can leave the chamber and be conveyed in the first interstitial space (not shown) in-
side of the cable hose 11. In addition, the connector 30 comprises a data port 36 that can
serves as an entry point for a data cable (not shown) and is fluidically sealed by a closure

37.

Fig. 15 and Fig. 16 show a further embodiment of a cable assembly 1 according to the
invention which is similar to the embodiment shown in Fig. 11 and Fig. 12. As indicated
by the dashed arrows, the cable assembly 1 comprises channels 35 for cooling of two con-
tact members 31a, 31b whose designs are differing from each other. The contact mem-
bers 31a in the foreground of Fig. 16 is designed such that the cooling fluid can circulate
around it, whereas the other contact member 31b is designed such that the cooling fluid
can enter an opening arranged inside of the contact member 31b, such that it can be con-
veyed to a corresponding connector (not shown) interconnected with the cable assembly

1.

Fig. 17 shows another variation of a cable assembly 1 according to the invention compris-
ing a cable 10 and a connector 30. For better illustration purposes, the connector 30 is
partly sectioned to gain an inside view. The internal structure of the feeding cable 10 can

be seen in Fig. 18. Fig 19 shows a detailed view of the connector 30.
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Fig.18 shows the cable 10 feeding the connector 30, which comprises two high power
conductors 12a, 12b to provide the sufficient electrical energy for a fast charging process.
Each conductor 12 is surrounded by a spacer 25a, 25b and a cable hose 11a, 11b. Be-
tween each cable hose 11a, 11b and conductor 12a, 12bis a first interstitial space 15a,
15b which is filled with a cooling fluid 21. The cooling fluid 21 in the first interstitial space
15a, 15bis flowing in the direction away from of the connector 30. A tube 20 accommo-
dates the cooling fluid 21 flowing the opposite direction. A cord 18 for strain relief and a
grounding cable assembly 17 may be included in the cable as indicated. Further additional
cable parts are possible but not shown here in detail. An outer shelf 41 surrounds all indi-
vidual cable parts forming a second interstitial space 16 between the individual cable parts

present within the same.

As seen in Fig. 17 and 19, each conductor 12a, 12b and cable hose 11a, 11bis connected
to a first port 33a, 33b inside the connector 30. Here, each conductor 12a, 12bis electri-
cally connected to a contact member 31a, 31b. The tube 20 coming from the cable 10
with the cooling fluid 2 1is split at a fluid divider 29 in two separate streams in tubes 20a,

20b which are each connected to a second port 34a, 34b.

From each second port 34a, 34b, the cooling fluid 21 flows through a channel 35a, 35b
in a first chamber 32a, 32b surrounding the contact members 31a, 31b to cool the same.
Asealing 38a, 38bis provided to prevent further effusion of the cooling fluid 21 inside the
connector 30. Each first chamber 32a, 32bis connected to a first port 33a,33b, where the
conductor 12a, 12b and cable hose 11a, 11b are connected so that the cooling fluid can
leave the first chamber 32a, 32b through the first interstitial space 15a, 15b to be fed back.
The preferred direction of travel form the cooling fluid 21 is indicated in the detailed view

of Fig. 19 by arrows, however, an opposite direction of the cooling fluid 21 is also possible.
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The connector 30 comprises several connecting pins 39 to configure the electrical connec-
tion to the chargeable vehicle: Two high power DC charging pins 391 for the fast charging
of the vehicle battery are each connected to the contact members 31a, 31b, respectively
the conductors 12a, 12b. Additionally, a grounding pin 392 to facilitate electrical earth
and two optional AC charging pins 393a-b (220 V) may be provided (respective cables

are not illustrated in the cable built-up in Fig 20).

At the other end of the cable 10, the cable is connected to a power station for electrical
vehicles through an adapter charger 60, as depicted by Fig. 20 and 21. The adapter
charger 60 comprises a contact section 610 and a flange section 620. Details of the flange
section 620 are shown in Fig. 23, meanwhile details of the contact section 610 are shown

in Fig. 24.

As depicted in Fig. 23, the flange section 620 is cylindrically formed and comprises an in-
ternal hollow first chamber 42. On the outside the flange section 620 exhibits a support
nut 627 and a screw threat 626 that can be secured on a structure of a power station or
else by means of a counter nut (not shown here). On one side panel of the cylinder 629a,
the cable 10 is attached and passed through to the internal first chamber 42, in which the
outer shelf 41 of the cable 10 is removed. The internal cable parts are guided to ports 621-
624, which pass the individual parts of the cable 10 through the second side panel 629b.
In this application example, a data port 621, a port for cooling fluid 622, a port for each
of the two conductors 623, a port for the supporting cord 624 and an additional port 44
can be found. However, depending on the individual application and cable built-up, alter-
native arrangements and different kinds of ports are possible. The port for the cooling fluid
622 is connected to the tube 20 of the cable 10 on the internal side of the flange section

620. On the outer side, the port for the cooling fluid 622 is connected to a tube 20c which
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is further connected to a fluidic pump as indicted by the dashed arrow 70. From the pump
a tube 20d reconnects the fluidic path from the pump back to the adapter charger 60 to
the contact section 610, as indicated by the second dashed arrow 7 1. The tube 20d guides
the cooling fluid 21 to a fluid divider 29 where the tube splits again in two tubes 20a, 20b
which further lead to a first ports 613a,b of the contact section 620, as it can be seen in
Fig. 20. The conductors 12a,12b, together with the cable hoses 11a,11b and the cooling
fluid 21 accommodated in the first interstitial space 15a,15b in-between are guided
through the ports 623a, 623b of the flange section 620 and are each further connected

1o a second port 614a,b of the contact section 610.

A section view of the contact section 610 is illustrated in Fig. 23. From the top left hand
side of the figure, the cooling fluid 21 is delivered from the pump through the tube 20d,
as indicated by the dashed line. The tube 20a is attached to a first port 613a, from where
the cooling fluid 21 enters a second chamber 612a surrounding a contact member 611a
of the contact section 610. The contact member 61 1a electrically connects to a connecting
pin 616a which is meant to be attached to the power source of the overall system (not
shown here). The cooling fluid 21 leaves the second chamber 612a through the first inter-
stitial space 15a between the conductor 12a and the cable hose 11a. The assembly of the

connected parts, charger, cable and connector, are depicted schematically in Fig. 24.

Hence the full cooling circle starts at a pump (not shown here), is guided through the tube
20c to the port 622 of flange section 620 from where it enters the tube 20 of the cable
10. After travelling through the cable 10 to the connector 30 the cooling fluid stream is slit
at the fluid divider 29 of the connector 30 in the tubes 20a, 20b to cool the two contact
members 31a, 31b. From here the cooling fluid 21 is guided back to the adapter charger

60 in the first interstitial spaces 15a,15b through the cable 10. At the contact section 610
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the cooling fluid 21 cools the contact members 61 1a,b and is being led back in the follow-
ing to the pump via the tubes 20a, 20b, the second fluid divider 29 and tube 20d. This
direction of the cooling circle is advantageous since the plug contact of the connector 30
has a higher electrical resistance and hence more heat development than it is the case for

the permanent connection through the connecting pins 616a,b of the adapter charger 60.

Additionally to the variation as shown in Fig 17-24, the cable assembly 1 can be expanded
by a security system for cable leakage. Therefore, the cable 10 being surrounded by the
second sheath 41and forming the second interstitial space 16 in-between the individual
cable parts and the outer sheath 41 can be additionally impinged with a pressurized control
fluid 40 by an external device which can increase the pressure of the control fluid 40 such
as e.g. a compressor or other means (not shown here). The pressurized control fluid 40 is
fed in the cable assembly 1 through the port 44 on the flange section 620 of the adapter
charger 60. From here, the pressurized control fluid 40 first enters the first chamber 42 of
the adapter charger 60 and propagates through the second interstitial space 16 of the ca-
ble 10 until it reaches the connector 30. Here it fills out a second chamber 43 with the
pressurized control fluid 40. The external device which controls the pressure of the control
fluid impinges these spaces with a predetermined pressure. All parts and hollow sections
in which the pressurized fluid is kept are made fluid-tight to ensure a preferably constant
pressure level so that the external device which controls the pressure of the control fluid
40 does not have to operate continuously. However, if the pressure level falls under a first
limit, a detecting means (45) detects the pressure loss and activates the external device
which controls the pressure of the control fluid to maintain a target value of the pressure.
If the cable is damaged, the pressure level falls under a second limit that is lower than the
first limit and the system is able to identify the leakage and can deactivate the cable assem-

bly 1 for security reasons.
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Fig. 25 and Fig. 26 show a first connector 30 with an impact absorbing means 310 ac-
cording to the invention. The connector 30 comprises a connector housing 301 which has
a mechanical guard 302 that partially surrounds two electrical connecting pins 39 of the
connector 30. The mechanical guard 302 is essentially embodied as a collar 303. As shown,
the impact absorbing means is arranged at a ridge region 304 of the collar 303, which
typically will impact on the ground when being dropped and/or will get in contact with e.g.
a coat of varnish of a vehicle. The impact absorbing means 310 as shown is made from a
rubber-like material which is feasible to absorb mechanical impulses and at least partially
convert them into thermal energy, as well as to distribute induced mechanical stress. An
outer/peripheral face of the impact absorbing means 310 form a sealing means 313 that
is arranged to be arranged to interact with a corresponding mating connector (not shown)
such that when in a coupled state with the corresponding mating connector an essentially
fluid tight interconnection between the at least one sealing means 313 and the corre-
sponding mating connector is established. As shown, the impact absorbing means 310
comprises an augmentation 311 that is arranged at a bend 306b of the collar 303 in order
to increase damage protection. As indicated in Fig. 26, the impact absorbing means 310
of the embodiment of a connector 30 shown is interconnected with the connector housing

301 by means of an adhesive connection, respectively by a glue.

Fig. 27 and Fig. 28 show another embodiment of a connector 30 where the impact ab-
sorbing means 310 is interconnected with the connector housing 301 by means of a me-
chanical connection, in particular by form locking. Therefore the impact absorbing means
310 comprises openings 312 arranged receive protrusions 305 arranged at the connector
housing 301 (in Fig. 28 only one of the openings 312 and one of the protrusions 305 is
visible). Such an embodiment of a connector 30 according to the invention may be advan-

tageously be produced using two-component injection molding.
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Fig. 29 and Fig. 30 show another embodiment of a connector 30 comprising two impact
absorbing means 310a-b that are arranged at two mechanical guards 302a-b, respec-
tively the ridge regions 304 of two collars 303a-b. As indicated, both impact absorbing
means are shaped such that they provide sufficient mechanical protection but do not in-
terfere with locking means 307 of the connector 30. Thus functionality of the connector
30 provided impact absorbing means according to the invention is not affected. This is im-

portant in order to comply with certain industrial standards for connectors.
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REFERENCE NUMERALS

1 Cable assembly

2 Bundle

10, 10a-b Cable

11, 11a-b Cable hose

12, 12a-t Conductor

13 First sheath

15, 15a-b First interstitial space

16 Second interstitial space
17 Grounding cable assembly
18 Supporting cord

20, 20a-b Tube
21 Cooling fluid

25, 25a-f Spacer

26 First insulating tube

27 Second insulating tube

28a-b Concentric layer of conductors
29 Fluid divider

30 Connector

301 Connector housing

302, 302a-b Mechanical guard

303, 303a-b Collar

304 Ridge region
305 Protrusion
306a-b  Corner/bend
307 Locking means

37

30

35

40

45

50
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310, 310a-b Impact absorbing means

311

312

313

320
31,31a-b
32

33

34, 34a-b
35

36

37

38

391a-b
392
393a-b
40

41

42

43

44

45

50

51

Augmentation

Opening

Sealing element
Interconnecting arrangement
Contact member (connector)
First chamber

First port

Second port

Channel

Data port

Closure

Sealing

Connecting pins

Fast DC charging pin
Grounding pin

AC charging pin

Pressurized control fluid
Second sheath

First camber for control fluid
Second chamber for control fluid
Port (for pressurized fluid)
Detecting means

Thermal sensor

Auxiliary tube
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53

54

60

610

611

612

613

614

615

616

617

620

Auxiliary fluid

Signal conductor

Data cable

Adapter charger

Contact section

Contact member (charger)
Second chamber (charger)
First port (charger)
Second port (charger)
Channel (charger)
Connecting pin (charger)
Sealing (charger)

Flange section
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621

622

623

624

625

626

627

70

71
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Data port

Port for cooling fluid
Port for conductors

Port for cord

Port for grounding cable
Screw thread

Support nut

Fluidic path to pump

Fluidic path from pump
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WHAT IS CLAIMED IS:

1.  Acableassembly (1), comprising

a. acable (10, 10a-b) with a cable hose (11, 11a-b) and at least one con-

5 ductor (12) arranged therein, wherein the cable hose (11, 11a-b) is
spaced a distance apart from the conductor (12) forming a first interstitial

space (15, 15a-b) between the at least conductor (12) and the cable hose

(11, 11a-b), and

b. atleast one tube (20, 20a-b) for conveying of a cooling fluid (21), and

10 c. aconnector (30) comprising at least one contact member (31, 31a-b) in-
terconnected to the at least one conductor (12) and a chamber (32)

wherein said chamber (32) comprises

i. afirst port (33) which is interconnected to the first interstitial space
(15, 15a-b) between the at least one conductor (12, 12a-f) and

15 the cable hose (11, 11a-b) and

ii. asecond port (34, 34a-b) which is interconnected to the tube (20,

20a-b).

2.  The cable assembly (1) according to claim 1, wherein the at least one tube (20,
20a-b) for conveying of the cooling fluid (21) is arranged inside of the cable hose

20 (11, 11a-b).
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The cable assembly (1) according to one of the previous claims, wherein the at least
one tube (20, 20a-b) for conveying the cooling fluid (21) is arranged outside of the

cable hose (11, 11a-b).

The cable assembly (1) according to one of the previous claims, wherein a spacer

(25, 25a-f) is arranged in the first interstitial space (15, 15a-b).

The cable assembly (1) according to claim 4, wherein the spacer (25, 25a-f) is ar-

ranged between the cable hose (11, 11a-b) and at least one conductor (12, 12a-f).

The cable assembly (1) according to claim 4 or claim 5, wherein the spacer (25) is

a helix.

The cable assembly (1) according to one of claims 4 to 6, wherein the spacer (25,
25a-f) has a cross-section that varies in shape and/or in diameter along the cable

hose (11, 11a-b).

The cable assembly (1) according to one of claims 4 to 7, wherein the spacer (25,

25a-1) has a reinforced core.

The cable assembly (1) according to one of claims 4 to 8, wherein the spacer (25,

25a-f) is a cord and/or a mesh-like structure.

The cable assembly (1) according to one of claims 4 to 9, wherein the spacer (25,
25a-f) is at least partially formed at the cable hose (11, 11a-b) and/or at a first

sheath (13) of a conductor (12).
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The cable assembly (1) according to one of the previous claims, wherein the cable
assembly (1) comprises a thermal sensor (50) arranged at least partially inside of

the cable hose (11, 11a-b).

The cable assembly (1) according to claim 11, wherein the thermal sensor (50) is

an electrical conductor (12).

The cable assembly (1) according to one of the preceding claims, wherein at least

one tube (20, 20a-b) is helically wound around the at least one conductor (12, 12a-

).

The cable assembly (1) according to one of the preceding claims, wherein at least
one tube (20, 20a-b) to convey a cooling fluid (21) is arranged in the center region
of the cable hose (11, 11a-b) and at least two conductors (12a, 12b) are arranged
radially around the at least one tube (20, 20a-b) between the at least one tube (20,

20a-b) and the cable hose (11, 11a-b).

The cable assembly (1) according to claim 14, wherein a first spacer (25a) is
wrapped helically in a first lay direction around the bundle (2) formed of the at least

two conductors (12a, 12b) and the at least one tube (20, 20a-b).

The cable assembly (1) according to one of claims 14 and 15, wherein a second

spacer (25b) is wrapped helically around one of the at least two conductors (12a,

12b).
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The cable assembly (1) according to one of claims 14 to 16, wherein the at least
two conductors (12a, 12b) are stranded in a second lay direction opposite to the

first lay direction around the at least one tube (20, 20a-b).

The cable assembly (1) according to one of claims 14 to 16, wherein the at least
two conductors (12a, 12b) and the at least one tube (20, 20a-b) are laid in parallel

to each other.

The cable assembly (1) according to one of the preceding claims, wherein the at

least one conductor (12, 12a-f) has a first sheath (13).

The cable assembly (1) according to one of the preceding claims, wherein the cable
hose (11, 11a-b) is configured to mechanically support the structure and/or align-
ment of the conductor (12) and/or the at least one tube (20, 20a-b) arranged

within the cable hose (11, 11a-b).

The cable assembly (1) according to one of the preceding claims, wherein the con-

nector (30) comprises a plug and/or a socket and/or an inductive coil.

The cable assembly (1) according to one of the preceding claims, wherein the at
least one contact member (31, 31a-b) comprises a channel (35) for cooling of the
contact member (31, 31a-b), wherein the channel (35) is interconnected to the first

interstitial space (15, 15a-b) and/or to tube (20, 20a-b) to convey cooling fluid.

The cable assembly (1) according to one of the preceding claims, wherein the cable

assembly (1) comprises an auxiliary tube (51) for conducting of an auxiliary fluid

(52).
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The cable assembly (1) according to one of the preceding claims, wherein a signal
conductor (53) is arranged inside of the cable hose (11, 11a-b) in order to provide

transmission of information along the cable hose (11, 11a-b).

The cable assembly (1) according to one of the preceding claims, wherein the cable
assembly (1) does not comprise at least one tube (20, 20a-b) for conveying of a
cooling fluid (21) and instead the second port (34, 34a-b) is fluidically intercon-
nected to a reservoir to drain-off cooling fluid (2 1) to the reservoir and/or take cool-

ing fluid from the reservoir.

The cable assembly (1) according to claim 25, wherein the reservoir is the atmos-

phere.

The cable assembly (1) according to one of the preceding claims, wherein the cable
assembly (1) comprises an adapter charger (60) for the interconnection of the at
least one conductor (12) to at least one contact member (611) which is further in-
terconnected to an outer power source and the at least one first interstitial space (15)
and/or tube (20) conveying the cooling fluid (2 1) fluid-tight to an external fluid ma-

chinery.

The cable assembly (1) according to claim 27, wherein the adapter charger (60)

comprises a second chamber (612) with a first port (613) which is interconnected
to the tube (20, 20a-b) and a second port (34, 34a-b) which is interconnected to

the first interstitial space (15, 15a-b) of the cable 10.

The cable assembly (1) according to one of the preceding claims 27-28, wherein

the cable assembly (1) comprises a cord (18) which interconnects a port (624) of



15

20

WO 2017/133893 PCT/EP2017/050981

30.

31.

32.

33.

34.

35.

44

the adapter charger (60) to the connector (30) to provide strain relief of the cable

(10).

The cable assembly (1) according to one of the preceding claims, wherein the cable
assembly (1) is surrounded by a second sheath (41) forming a second interstitial
space (16) between the at least one cable hose (11) of the conductor (12) and the

second sheath (41).

The cable assembly (1) according to claim 30, wherein the second interstitial space

(16) receives a pressurized control fluid (40).

The cable assembly (1) according to claim 31, wherein the second interstitial space
(16) is fluidically interconnected to a port (44) interconnected to an external device

to pressurize the pressurized control fluid (40) in the interstitial space (16).

The cable assembly (1) according to one of the preceding claims 31-32, wherein a

detecting means (45) is present which senses a fluid loss of the pressurized control

fluid (40).

The cable assembly (1) according to claim 33, wherein the detecting means (45)
senses the pressure of the pressurized control fluid (40) and therefore detects the

fluid loss in terms of a pressure loss.

The cable assembly (1) according to one of the preceding claims 33-34, wherein
the cable assembly (1) is electrically disconnected if the detecting means (45) de-

tects the fluid loss of the pressurized control fluid (40).
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A cable (10, 10a-b) for a cable assembly (1) according to one of the preceding

claims.

A charging system for an electric energy storage comprising a cable assembly (1)

according to one of claim 1 to 35.

A connector (30) for a cable assembly (1) according to one of claims 1 to 35.

The connector (30) according to claim 38, wherein the connector (30) comprises
at least one auxiliary channel arranged such that when the connector (30) is con-
nected to a device, a cooling fluid (21) and/or an auxiliary fluid (52) can be conveyed

between the cable (10, 10a-b) and the device.

The connector (30) according to any of claims 38 and 39, wherein the connector
(30) comprises a connector housing (301) and at least one impact absorbing means

(310, 310a-b) arranged at an outer face of the connector housing (301).

The connector (30) according to claim 40, wherein the connector (30) comprises
at least one mechanical guard (302, 302a-b) that at least partially surrounds an
electric and/or fluidic contact (39, 391a-b, 392, 393a-b) to be interconnected with
a mating corresponding connector, wherein the at least one impact absorbing means

(310, 310a-b) is arranged at the mechanical guard (302, 302a-b).

The connector (30) according to claim 41, wherein the mechanical guard (302,
302a-b) comprises a collar (303, 303a-b) and the at least one impact absorbing
means (310, 310a-b) is arranged at a ridge region (304) of the collar (303, 303a-

b).
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The connector (30) according to any of claims 40 to 42, wherein the at least one
impact absorbing means (310, 310a-b) comprises an augmentation (311) ar-
ranged at a corner (306a) and/or at a bend (306b) of the connector housing (301)
to distribute an impact load induced in the at least one impact absorbing means (310,

310a-b).

The connector (30) according to any of claim 40 to 43, wherein the connector
housing (301) is mainly made from a first material and the at least one impact ab-
sorbing means (310, 310a-b) is mainly made from a second material, whereby the
elastic modulus of the first material is higher than the elastic modulus of the second

material.

The connector (30) according to any of claim 40 to 44, wherein the at least one
impact absorbing means (310, 310a-b) is at least partially made from an elastic ma-

terial and/or a visco-elastic material.

The connector (30) according to claim 45, wherein the at least one impact absorb-
ing means (310, 310a-b) is at least partially made from a material chosen from the

group consisting of rubber, silicone, polyurethane.

The connector (30) according to any of claims 40 to 46, wherein the at least one
impact absorbing means (310, 310a-b) is interconnected with the connector hous-
ing (301) by means of a chemical connection, in particular by means of an adhesive

connection and/or by a welding connection.
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The connector (30) according to any of claims 40 to 47, wherein the at least one
impact absorbing means (310, 310a-b) is interconnected with the connector hous-
ing (301) by means of mechanical connection, in particular by a clamping connec-

tion and/or by a snap connection and/or by a frictional connection.

The connector (30) according to claim 48, wherein the at least one impact absorb-
ing means (310, 310a-b) comprises at least one protrusion arranged to be received
by an opening arranged at the connector housing (301) in order to establish a me-
chanical interconnection between the connector housing (301) and the at least one
impact absorbing means (310, 310a-b) and/or the at least one impact absorbing
means (310, 310a-b) comprises at least one opening (312) arranged to receive at
least one protrusion (305) arranged at the connector housing (301) in order to es-
tablish a mechanical interconnection between the connector housing (301) and the

at least one impact absorbing means (310, 310a-b).

The connector (30) according to claim 49, wherein the at least one opening ar-
ranged at the connector housing (301) and/or the at least one opening (312) of the

impact absorbing means (310) is a groove.

The connector (30) according to any of claims 47 to 50, wherein the at least one
impact absorbing means (310, 310a-b) is interconnected with the connector hous-

ing (301) by means of a two components injection molding process.

The connector (30) according to any of claims 40 to 51, wherein the at least one
impact absorbing means (310, 310a-b) comprises at least one sealing means (313)

arranged to interact with a corresponding mating connector such that when in a
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coupled state with the corresponding mating connector an essentially fluid tight in-
terconnection between the at least one sealing means (313) and the corresponding

mating connector is established.

The connector (30) according to any of claims 40 to 52, wherein the at least one
sealing means (313) comprises a sealing face or is a sealing face arranged to align
with a corresponding sealing means of a corresponding mating connector when in a

coupled state.

An impact absorbing means (310, 310a-b) for a connector (30) according any of

claims 40 1o 53.
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The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-37(completely); 38(partially)

A cable assembly, comprising a cable, at least one tube and
a connector; a cable

2. claims: 39(completely); 38, 40-53(partially)

A connector for a cable assembly comprising at least one
auxiliary channel

3. claims: 54(completely); 38, 40-53(partially)

An impact absorbing means for a connector and connector
comprising such an impact adsorbing means
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