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(57) Abstract: The invention relates to a force assisted charging arrangement for supplying electrical energy to an electrical vehicle
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Description

Charging arrangement for supplying electrical energy to an electrical vehicle

Technical Field

[0001] The invention relates to a charging arrangement for supplying electrical
energy to an electrical vehicle, comprising a charging cable having a first
charging cable end and a charging cable second end and a charging
connector connected to the first charging cable end. The invention further
relates to an electric vehicle charge equipment, EVSE, comprising the
force assisted charging arrangement and configured for connecting to an
AC grid.

Background Art

[0002] Electric vehicle, EV, direct current, DC, fast charging systems and
methods often use a so-called Combined Charging System, CCS, protocol
according to IEC 61851-23 and SAE J1772 standard for charging
electrical vehicles both in the US and in the European Union, EU. As
charge currents increase, liquid cooled charging cables for connecting an
Electric Vehicle Supply Equipment, EVSE, via a charging connector with
the electrical vehicle are becoming more commonly used. High power
charging requires charging cables which can carry 500A current at a
voltage of 1000V. The liquid cooling allows conductors within the charging
cable to become thinner, and thereby easier to use, because excessive
heat due to high charge currents and charging cable internal resistances is
taken care of.

[0003] A drawback of liquid cooled charging cables is that the charging cable
becomes very stiff and heavy. In addition, weight of such high-power liquid
cooled charging cables is increasing and is becoming too much for an

ordinary person to handle. Besides that, charging connectors are
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vulnerable components that are easily damaged if dropped or handled
incorrectly and cooled charging cables only offer limited extensions to
those power levels. Therefore, robotic systems have been developed for
overcoming these disadvantages. However, such robotic systems are
expensive and potentially dangerous for humans being too close to such

robotic arms.

Summary of invention

[0004]

[0005]

[0006]

[0007]

It is therefore an object of the invention to provide a charging arrangement
for connecting a liquid cooled charging cable to an electrical vehicle in a
simple, cheap and secure manner independent of the weight and stiffness
of the charging cable.

The object of the invention is solved by the features of the independent
claims. Preferred embodiments are detailed in the dependent claims.
Thus, the object is solved by a force assisted charging arrangement for
supplying electrical energy to an electrical vehicle via a first set of bus bars
and a second set of bus bars, comprising

the first set of bus bars arranged distant and fixed in respect to
ground,

the second set of bus bars having a first end and a second end, the
first end connected rotatable to the first set of bus bars thereby allowing a
rotation of the second end around a vertical rotation axis,

a charging cable having a first charging cable end and a second
charging cable end, the second charging cable end connected to the
second end of the second set of bus bars, and

a charging connector connected to the first charging cable end.

It is therefore a key point of the invention to provide a force assisted
charging arrangement which absorbs weight of the charging cable thereby
providing easy handling and connectability to different types of electrical
vehicles independent of the weight and stiffness of the charging cable. As
the charging cable is attached to the second set of bus bars and thus

preferably hold above ground, a human connecting the charging cable via
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[0008]

[0009]

[0010]

[0011]

the charging connector to the electrical vehicle does not need to lift the
cable from ground for connecting the cable to the electrical vehicle. Such
way lifting a heavy and stiffy charging cable can be completely avoided.
The length of the charging cable is preferably dimensioned such that the
first charging cable end respectively the charging connector is arranged
adjacent to a socket of the electrical vehicle, into which the charging
connector can be plugged for charging the electrical vehicle with electrical
energy. Due to gravity the charging cable will hang down from the second
set of bus bars and thus extend in vertical direction. Preferably, the
charging cable is dimensioned such that neither the charging cable nor the
charging connector hanging down from the second set of bus bars
touches ground. Preferably, the charging cable is provided length-
adjustable. Such way charging sockets having different heights in respect
to ground can be connected without lifting the charging connector.

As the charging cable and the charging connector are rotatable around the
vertical rotation axis, the charging connector can be easily rotated from
one side to another side in respect to the electrical vehicle. Thus, charging
sockets provided on an arbitrary side of an electrical vehicle can be
connected by the charging connector without having the need to lift the
charging connector or to move the charging cable over ground from one
side to another side of the electrical vehicle. As due to the proposed
solution weight of the charging cable does not matter anymore, and as the
charging cable can be preferably freely rotated in respect to the first set of
bus bars, even liquid cooled charging cables that are very stiff and heavy
can be easily handled by any human with the proposed force assisted
charging arrangement.

The bus bars and/or the charging cable preferably comprise DC
conductors having a diameter of = 25 mm?, 50 mm? or 70 mm? and/or a
lengthof =24 m, 5mor7,5mand<5m, 7,5m or 10 m and/or are
dimensioned for supplying in particular DC currents up to 500A or more at
a DC voltage of 1000V or more. The electrical vehicle can be provided as
an electrical car, an ebus, a truck or any other electrical vehicle means.

In a preferred implementation the second end is rotatable around 360°

around the first end. Such way it does not matter on which side of the
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[0012]

[0013]

[0014]

electrical vehicle the charging socket is provided as the charging cable
and the charging connector can be easily rotated towards a suitable
position in regard the electrical vehicle. Preferably, the second set of bus
bars can be rotated in a plane parallel to ground and/or in horizontal
direction.

In another preferred implementation the first set of bus bars and/or the
second set of bus bars are provided as linear arms and/or extend in
horizontal direction. The bus bars preferably comprise a linear extension of
2, 3, 4 or 5 meters and/or extend parallel to each other. In a further
preferred implementation, the first end is connected rotatable to the first
set of bus bars via a joint. The joint preferably comprises conductors for
connecting the respective bus bars of the first set of bus bars and the
second set of bus bars.

In another preferred implementation the force assisted charging
arrangement comprises a communication cable, which runs parallel to the
first and a second set of bus bars and is connected to the charging
connector. The communication cable may comprise further conductors,
such as, for example, a Proximity Pilot, PP, line for a PP signal, a Control
Pilot, CP, line for a CP signal line and/or a PE line for a PE signal. PP line,
CP line and/or PE line and respectively signalling are preferably
implemented according to the so-called Combined Charging System,
CCS, protocol, in particular according to IEC 61851 or IEC 61851-23
standard. In a further preferred implementation, the communication cable
is integrated within the charging cable.

In another preferred implementation, the charging cable and/or the
charging connector is liquid cooled. For cooling the charging cable and/or
the charging connector, a cooling device can be provided, which is
preferably arranged at an EVSE as described below and/or which is
configured that the cooling liquid is conveyed from a first end to a second,
opposite end of the charging cable towards the charging connector, and
thereafter from the second end to the first end. The cooling liquid is
preferably provided as an oil-based coolant thereby allowing that the
cooling liquid comes into contact with unshielded copper conductors of the

charging cable.
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[0015]

[0016]

[0017]

[0018]

In a further preferred implementation, the charging connector is provided
as reverse plug. Provided as a reverse plug means preferably that the
charging connector comprises, when plugged into the electrical vehicle, a
bending upward so that the charging cable is inserted in vertical manner
from above into the charging connector. Providing the charging connector
as reverse plug simplifies handling when plugging the charging connector
into the charging socket.

In another preferred implementation the first set of bus bars and the
second set of bus bars each comprise two or at least two bus bars and/or
whereby the bus bars are isolated. Preferably, the joint comprises a
respective number of conductors for connecting the respective bus bars of
the first set of bus bars and the second set of bus bars. Further preferably,
the bus bars isolated from each other.

In a further preferred implementation, the force assisted charging
arrangement comprises a support frame arranged on ground, which holds
the first set of bus bars arranged distant and fixed in respect to ground.
The support frame preferably comprises a hollow frame. Further
preferably, the support frame comprises two triangles, which are arranged
parallel and distant to each other with each one side attached to ground.
The first set of two bus bars is preferably attached with one end to corners
of the triangles opposite to ground thereby extending in linear direction.
Preferably the support frame is dimensioned such that the electrical
vehicle can be parked at least partly underneath the bus bars.
Alternatively, the support frame and/or the first set of bus bars can be
attached to or underneath a roof or any other overhang.

In another preferred implementation the force assisted charging
arrangement comprises the electrical vehicle, whereby the first set of bus
bars and the second set of bus bars are arranged above the electrical
vehicle such that the electrical vehicle can drive underneath the first set of
bus bars and the second set of bus bars. Such way charging of the
electrical vehicle becomes very easy as the electrical vehicle simply needs
to be parked underneath the first set of bus bars. Once parked, the second
set of bus bars is rotated until the charging cable and the charging

connector rest close to charging socket of the electrical vehicle. Finally,
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[0019]

[0020]

the charging connector is plugged into the charging socket such that
charging can start.

The object is further solved by an electric vehicle charge equipment,
EVSE, comprising the force assisted charging arrangement as described
before and configured for connecting to an AC grid. The EVSE may
comprise a transformer and/or a converter for connecting to respectively
receiving electrical energy from the AC grid, which is transformed and/or
converted to DC for being supplied to the first set of bus bars.

In another preferred implementation the EVSE is configured for charging
the electrical vehicle by using a Combined Charge System, CCS, protocol
according to IEC 61851-23 and/or SAE J1772 standard and/or whereby
the charging connector and/or the charging cable are provided according
to IEC 62196 standard. The Combined Charging System, CCS, protocol is
a fast charging method for charging electric vehicles delivering high-
voltage direct current via a charging connector derived from SAE J1772
standard (IEC Type 1) or IEC Type 2 connector. Automobile manufactures
that support CCS include Jaguar, Volkswagen, General Motors, BMW,
Daimler, Ford, FCA, Tesla and Hyundai. The CSS standard is controlled
by the so called CharIN consortium. Besides other protocols such as, for
example, CHAdeMO, as abbreviation of CHArge de Move, or GB/T, in
particular according to 20234.3-2011 standard, can also be used with the
described EVSE respectively the method. The EVSE and the charging
arrangement are applicable to different type of electrical vehicles, including
for examples electrical busses. Preferably, the EVSE and/or the charging
arrangement is configured for charging the electrical vehicles with a DC
input voltage up to 1500 V DC.

Brief description of drawings

[0021]

These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.
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[0022] In the drawings:

[0023] Fig. 1 shows a force assisted charging arrangement for supplying
electrical energy to an electrical vehicle according to a preferred

embodiment in a perspective schematic view,

[0024] Fig. 2 shows the force assisted charging arrangement according to Fig. 1

in another perspective schematic view, and

[0025] Fig. 3 shows the force assisted charging arrangement according to Fig. 2

in another perspective schematic view.

Description of embodiments

[0026] Figs. 1 to 3 show a force assisted charging arrangement for supplying
electrical energy to an electrical vehicle 1 according to a preferred
embodiment in different perspective schematic views. The charging
arrangement comprises a first set of two linear bus bars 2, which are
arranged distant and fixed in respect to ground 3 on a hollow support
frame 4. The support frame 4 comprise two triangles arranged parallel and
distant to each other with each one side on ground 3. The first set of two
bus bars 2 is attached with one end to corners of the triangles opposite to
ground 3 thereby extending in linear direction such that the electrical
vehicle 1 can be positioned underneath the other opposite end of the first
set of two linear bus bars 2. The first set of bus bars 2 comprises a linear
extension between the opposite ends of 4 meters.

[0027] Atthe other opposite end, a joint 5 is provided for rotatably connecting the
first set of bus bars 2 with a second set of two linear bus bars 6, of which a
first end is attached to the joint 5. Such way the second set of bus bars 6
extend horizontal in respect to ground 3, whereby a second opposite end
of the second set of bus bars 6 is rotatable by 360° around a rotation axis
extending in vertical direction and defined by the joint 5, as can be seen

from Figs. 2 and 3 showing the second opposite end in different positions.
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[0028]

[0029]

[0030]

The second set of bus bars 6 comprises a linear extension between the
first and second end of 2 meters and is provided as an arm. Both the first
set of bus bars 2 and the second set of bus bars 6 comprise two bus bars
for supplying DC current to the electrical vehicle 1, whereby the respective
bus bars are isolated from each other.

The charging arrangement further comprises a liquid cooled charging
cable 7 having a first charging cable end and a second charging cable
end. The second charging cable end is connected to the second end of
the second set of bus bars 6. Due to gravity and weight of the liquid
cooling, the liquid cooled charging cable 7 “*hangs” down from the second
end of the second set of bus bars 6 in a vertical manner and comprises a
length such that a charging connector 8 connected to the first charging
cable end can be easily plugged by a human into a respective socket of
the electrical vehicle 1 without the need to lift the charging connector 8.
For facilitating easy connection, the charging connector 8 is provided as a
reverse plug. Provided as a reverse plug means that the charging
connector 8 comprises, when plugged into the electrical vehicle 1, a
bending upward such that the charging cable 7 is inserted in vertical
manner from above into the charging connector 8.

The first set of bus bars 2, the second set of bus bars 6, the liquid cooled
charging cable 7 and liquid cooled charging connector 8 are dimensioned
to charge the electrical vehicle with a current of 500A DC at a voltage if
1000V DC. For exchanging charging information between the electrical
vehicle 1, a communication cable 9 is provided, which runs parallel to the
first and to the second set of bus bars 2, 6 and is connected to the
charging connector 8. The communication cable 9 is integrated into the
charging cable 7 as additional conductors to the conductors carrying the
charging currents.

For receiving electrical energy to charge the electrical vehicle 1 with a
respective DC current, the charging arrangement is connected to an
electric vehicle charge equipment, EVSE, 10. The EVSE 10 is connected
via a transformer and a converter to an AC grid 11. The EVSE 10 is
configured for charging the electrical vehicle 1 by using a Combined
Charge System, CCS, protocol according to IEC 61851-23 and/or SAE
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[0031]

[0032]

J1772 standard, thereby allowing said charging currents of 500A DC or
more at 1000V DC or more. In an equal manner the charging connector 8
and the charging cable 7 are provided according to IEC 62196 standard.
The proposed solution provides a force compensating mechanism that
provides for an easy and simple possibility for connecting the charging
connector 8 to different types of electrical vehicles 1 without having the
need of lifting a heavy and stiff charging cable 7. As the second set of bus
bars 6 in form of an arm can freely rotated by 360° in respect to the first
set of bus bars 2, it does not matter on which side of the electrical vehicle
1 the charging socket is provided. For connecting the charging connector
8 to the electrical vehicle 1, the second set of bus bars 6 is rotated around
the electrical vehicle until the charging connector 8 becomes close to the
charging socket.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to
be considered illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations to be disclosed
embodiments can be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word “comprising”
does not exclude other elements or steps, and the indefinite article “a” or
“an” does not exclude a plurality. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any

reference signs in the claims should not be construed as limiting scope.
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Reference signs list

[0033] 1 electrical vehicle

first set of bus bars
ground

support frame

joint

second set of bus bars
charging cable
charging connector
communication cable
Electric vehicle charge equipment
AC grid
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Claims

1. Force assisted charging arrangement for supplying electrical energy to an
electrical vehicle (1) via a first set of bus bars (2) and a second set of bus bars (6),
comprising

the first set of bus bars (2) arranged distant and fixed in respect to ground
(3),

the second set of bus bars (6) having a first end and a second end, the first
end connected rotatable to the first set of bus bars (2) thereby allowing a rotation
of the second end around a vertical rotation axis,

a charging cable (7) having a first charging cable end and a second
charging cable end, the second charging cable end connected to the second end
of the second set of bus bars (6), and

a charging connector (8) connected to the first charging cable end.

2. Force assisted charging arrangement according to the previous claim, whereby

the second end is rotatable around 360° around the first end.

3. Force assisted charging arrangement according to any of the previous claims,
whereby the first set of bus bars (2) and/or the second set of bus bars (6) are

provided as linear arms and/or extend in horizontal direction.

4. Force assisted charging arrangement according to any of the previous claims,
whereby the first end is connected rotatable to the first set of bus bars (2) via a
joint (5).

5. Force assisted charging arrangement according to any of the previous claims,
comprising a communication cable (9), which runs parallel to the first and to the

second set of bus bars (2, 6) and is connected to the charging connector (8).

6. Force assisted charging arrangement according to the previous claim, whereby

the communication cable (9) is integrated within the charging cable (7).
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7. Force assisted charging arrangement according to any of the previous claims,

whereby the charging cable (7) and/or the charging connector (8) is liquid cooled.

8. Force assisted charging arrangement according to any of the previous claims,

whereby the charging connector (8) is provided as reverse plug.

9. Force assisted charging arrangement according to any of the previous claims,
whereby the first set of bus bars (2) and the second set of bus bars (6) each

comprise two or at least two bus bars and/or whereby the bus bars are isolated.

10. Force assisted charging arrangement according to any of the previous claims,
comprising a support frame (4) arranged on ground (3), which holds the first set of

bus bars (2) arranged distant and fixed in respect to ground (3).

11. Force assisted charging arrangement according to any of the previous claims,
comprising the electrical vehicle (1), whereby the first set of bus bars (2) and the

second set of bus bars (6) are arranged above the electrical vehicle (1) such that
the electrical vehicle (1) can drive underneath the first set of bus bars (2) and the

second set of bus bars (6).

12. Electric vehicle charge equipment, EVSE, (10) comprising the force assisted
charging arrangement according to any of the previous claims and configured for

connecting to an AC grid (11).

13. EVSE (10) according to the previous claim, whereby the EVSE (10) is
configured for charging the electrical vehicle (1) by using a Combined Charge
System, CCS, protocol according to IEC 61851-23 and/or SAE J1772 standard
and/or whereby the charging connector (8) and/or the charging cable (7) are

provided according to IEC 62196 standard.
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