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DESCRIPTION

[0001] This invention relates to an electric charging system and method, in particular for a
vessel, such as an electric ferry, or for a vehicle, or aircraft.

[0002] Electric ferries may operate solely with batteries on board to power the vessel, or with a
hybrid of diesel generators and batteries. In either case, the batteries require charging from a
shore supply when docked. In some locations the shore power grid is not robust enough to
support the high current requirement to charge the batteries on the vessel directly, so an
intermediate shore based energy storage system is provided, which can charge more slowly
from the local shore power grid and be able to provide high current charging to the vessel,
whilst the vessel is docked. Even the charging of the shore based energy storage system may
cause problems with the local grid, which need to be addressed.

[0003] KR101102313 describes an apparatus for providing current having minimized voltage
difference between rectifying apparatus to minimize voltage deviation by rectifying the output of
a second convertor and minimizing the deviation of rectified output voltage.

[0004] US6118676 describes a system and method for providing dynamic power line voltage
sag correction.

[0005] EP2072393 describes an electrical system for a floating installation, in particular an
offshore vessel, with combined transformer feeding for resistance grounding and transformer
pre-magnetization.

[0006] In accordance with a first aspect of the present invention, a vessel, vehicle, or aircraft
electric charging system, the system comprising one or more energy storage modules on the
vessel, vehicle, or aircraft; a pulse rectifier; a converter; and a voltage control transformer;
wherein the one or more energy storage modules are connected to outputs of the pulse
rectifier; characterised in that the voltage control transformer is connected to inputs of the
pulse rectifier; wherein the voltage control transformer comprises a serial transformer having a
plurality of pairs of transformer windings, connected together in series, one winding of each
pair being adapted to be connected between the pulse rectifier and an input from an energy
source; wherein the energy source input comprises connections to a three phase AC supply
and the other winding of each pair is connected to the converter; wherein an onboard grid
controller comprising an onboard grid converter and a pre-magnetising transformer on the
vessel, vehicle or aircraft provides a voltage source to prevent inrush current on connecting the
onboard energy storage module to the energy source.

[0007] The converter may comprise a controlled AC to DC converter.

[0008] The converter may further comprise a chopper between the output of the AC to DC
converter and a DC bus.
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[0009] The energy storage modules may comprise one of a battery or capacitor bank.

[0010] An electric charging system for a vessel, vehicle, or aircraft comprises one or more
energy storage modules on the vessel, vehicle, or aircraft; a transformer comprising primary
and secondary inductances and a pulse rectifier. The one or more energy storage modules are
connected to the secondary inductances. A voltage control transformer is connected to the
primary inductances and a converter. The voltage control transformer comprises a serial
transformer comprising a plurality of pairs of transformer windings, connected together in
series, one winding of each pair being adapted to be connected between one of the primary
inductances and an input from an energy source; the other winding being connected to the
converter.

[0011] The system directly regulates the AC voltage to avoid reactive power generation,
thereby enabling the energy storage system to be charged in readiness for arrival of the next
electrically powered device for recharging.

[0012] The converter may comprise a DC to AC converter.

[0013] The converter may further comprise an AC to DC converter, or a diode rectifier in series
with the DC to AC converter.

[0014] The system may further comprise taps from the energy source inputs to the AC to DC
converter.

[0015] A transformer may be connected between the AC to DC converter and the taps to the
energy source input.

[0016] The system may further comprise a current detector to detect current flowing to or from
the energy storage modules on the vessel, vehicle or aircraft.

[0017] The system may further comprise at least one of current or voltage detectors to provide
an indication of current or voltage at the connection to the energy source.

[0018] The power supply, in particular, the multiphase power supply, may comprise a vessel
power supply and the remote charging station may comprise a shore based charging station.
Alternatively, the charging station is integrated on the vessel and connected directly to the AC
grid as energy source.

[0019] One or more energy storage modules may be connected to the converter,
[0020] The charging station may further comprise a connector removeably connectable to a

vessel, vehicle, or aircraft for electrically connecting the charging station energy storage
modules to energy storage modules onboard the vessel, vehicle or aircraft to charge the
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onboard storage module.

[0021] An onboard grid controller, which may comprise an onboard grid converter and a pre-
magnetising transformer, on the vessel, vehicle or aircraft provides a voltage source to prevent
inrush current on connecting the onboard energy storage module to the energy source.

[0022] In accordance with a second aspect of the present invention, a vessel, vehicle, or
aircraft, comprises a system according to the first aspect; and at least one consumer on board
the vessel, vehicle, or aircraft, connected to the energy storage modules.

[0023] In accordance with a third aspect of the present invention, a method of charging a
system according to the first aspect or of charging a vessel, vehicle, or aircraft according to the
second aspect, comprises initiating a connection to an AC supply to charge an energy storage
system of a vessel, vehicle or aircraft by closing a connection from the AC supply and
regulating power from the AC supply to a rectifier transformer by means of a DC to AC
converter and a voltage control transformer.

[0024] The voltage control transformer is connected between the rectifier transformer and the
AC supply. The connection from the AC supply may be in a charging station. The charging
station may comprise the DC to AC converter and the voltage control transformer and an AC to
DC converter, or diode rectifier.

[0025] The method may further comprise synchronising the voltages at the output of the
voltage control transformer and the input to the rectifier transformer before closing a breaker to
connect one to the other. The method may further comprise connecting a voltage source to a
secondary side of the rectifier transformer until the breaker is closed to connect the voltage
control transformer and the rectifier transformer. The method may further comprise ramping
the DC to AC converter voltage to increase voltage to the rectifier transformer.

[0026] An example of an electric charging system in accordance with the present invention will
now be described with reference to the accompanying drawings in which:

Figure 1 illustrates an example of a use for an electric charging system according to the
invention;

Figure 2 illustrates a conventional charging system for a vessel;

Figure 3 illustrates a first example of an electric charging system which is not according to the
invention and is present for illustration purposes only;

Figure 4 illustrates a second example of an electric charging system which is not according to
the invention and is present for illustration purposes only;

Figure 5 illustrates an electric charging system according to the invention;

Figures 6a, 6b and 6c¢ outline the power and reactance flows for each of a conventional
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charging system and two examples of the present invention;
Figure 7 illustrates regulated power flow with voltage vectors; and,

Figure 8 is a flow diagram illustrating a method of controlling charging of a vessel electric
power supply according to the present invention;

Figure 9 illustrates a dual converter system in which the present invention may be applied;

Figure 10 illustrates a fourth example of an electric energy charging system according to the
present invention for use with the system of Fig.9;

Figure 11 illustrates a fifth example of an electric charging system which is not according to the
invention and is present for illustration purposes only; and,

Figure 12 illustrates an example not according to the invention and present for illustration
purposes only for use in low voltage systems.

[0027] There are a number of different end users of electrical energy which may need to
recharge at the end of a journey, such as vessels, aircraft or vehicles. The examples given
herein are for vessels, but the invention is not limited to these and is equally applicable to
electrically powered aircraft or electrically powered vehicles.

[0028] A typical situation for an electrically powered vessel with stored energy is shown in
Fig.1. A vessel, for example a ferry 1, running between ports with charging stations A, B at
each port, charges up at a charging station A, before setting off on its journey. At station B the
vessel recharges, then returns to its starting point and recharges again at station A. In the case
of a vessel on a multi-stage journey, there may be several more ports, each with its own
charging station, that are visited before returning to its home port. When docked at each port,
the ferry connects to a supply, typically a shore based AC supply to charge the batteries ready
for the next journey. In remote locations, this shore based AC supply may not be sufficient to
allow the direct connection and high current charging required to charge in a relatively short
timescale before the ferry must depart again, so a remote energy storage system may be
provided. In the examples given, the remote energy storage system is a shore based energy
storage system, which charges from the AC power grid more slowly, then has stored energy
available to provide to the vessel when the vessel is connected to the remote charging station.
Alternatively, the remote energy storage system may be on an offshore platform, for example
part of a wind farm, or tidal energy generation system, or using waste gas or heat from a
production process.

[0029] For the shore based charging system, the time available for charging the vessel may be
limited by the time taken to unload and load the vessel before it sets off again, which may be
as little as a few minutes for local ferries crossing short stretches of water, although longer for
larger, long distance vessels. Although electric, or hybrid vessels, are still relatively rare, the
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number is expected to increase and in future, the shore based charging systems may have to
be shared between multiple vessels, increasing demand. This increases the loading on the
local grid making it even more important not to disrupt the local grid unduly during charging.
Addressing the demand from the vessel for charging by improving the grid would involve
significant cost to the grid operator, so it is desirable to address the problem another way.
Existing shore based charging systems and energy storage may still cause problems to the
local grid during charging because these systems typically use a controlled bridge
commutating rectifier, such as a six-pulse thyristor rectifier, or other multiples thereof,
transforming 100% of the energy through the converter, which results in the production of
reactive power, due to the phase shift applied by the rectifier.

[0030] The basic principle is illustrated in Fig.6a. Power Pgig from the grid 5 is transformed by

a transformer 11 at a charging station 10 to which the vessel 1 connects via connector 12, so
that power Prerry is available to the vessel. Reactive power Qgrig and reactive power Qferry is

produced when charging, cycling at the grid frequency, typically 50Hz. In a more complex
example, illustrated in Fig.6b, where a shore based charging system 10 including energy
storage is provided, the power Pyig from the grid is transformed at the transformer 11 of the

charging station and when there is a ferry connected at connector 12 for recharging, that
power Ppeak is passed on to the ferry direct. In addition, power Pyt may# be supplied to the

ferry, as this example includes an energy storage system. The load power, P_ is fed to the

energy storage system when there is no direct connection to charge the vessel. This received
power P|_passes through another transformer 15 and a converter 14 acting as an inverter for

this purpose and is stored in the energy storage system, illustrated here as a battery 13. Other
types of energy storage, such as a capacitor bank, flywheel storage, or chemical storage may
be used. Thus, peak power Ppegk from the grid, together with boost power Ppgost from the

energy storage system may be provided from the charging station 10 to the ferry 1, with the
assistance of the shore based energy storage system 13, 14, 15. Reactive power generated in
the shore grid Qgrig and reactive power produced in the vessel grid Qferry are compensated by

reactive power being returned to those grids from the energy storage system of the charging
station 10.

[0031] Fig.6c shows how providing charging control in the charging station 10 avoids reactive
power on the vessel grid 1. As in Fig.6b, the power Pgigq from the grid is transformed at the

transformer 11 of the charging station and when there is a ferry connected for recharging, that
power Ppeak is passed on to the ferry directly through connector 12. In addition, power Ppgost

may be supplied to the ferry from the energy storage system 13. The load power, P_ charges

the energy storage system when there is no direct connection to charge a vessel. The power
PL passes through the converter 14, operating as an inverter in this case, to the battery 13 and

may also be stored via another transformer 17 in the charging station 10 and inverter 16 and
be stored in the battery 11. Thus, peak power Ppeq from the grid, together with boost power

Phoost from the energy storage system may be provided from the charging station 10 to the

ferry 1, with the assistance of the shore based energy storage system 13. However, in this
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case, although reactive power generated in the shore grid Qgiq is compensated by reactive

power being returned to the shore grid from the energy storage system 13 of the charging
station 10, there is no reactive power generated in the vessel, so no need to return reactive
power. Instead, there is a second converter 16, operating as an inverter or rectifier accordingly
and transformer 17 across which charging control power is produced. Voltage, U, may be
regulated in front of the charging plug 12 resulting in a regulated voltage in front of the rectifier
transformer 23 thereby controlling the rectifier current, preferably as a positive voltage to avoid
forming a loop, although control is still possible with a negative voltage.

[0032] Charging of the energy storage 4 on the vessel 1 from the local grid 5, or shore based
energy storage 13 has typically been done using a controlled grid commutated rectifier such as
a thyristor 6, 12, 18 or 24 pulse rectifier. An example of a conventional thyristor rectifier
charger for the onboard energy storage is illustrated in Fig.2. A rectifier transformer 2 with, in
this example, thyristors 3 being connected to form a 12 pulse thyristor rectifier, is provided on
the vessel 1. The transformer 2 is connected between onboard energy storage 4, for example
batteries and the shore grid 5. 3-phase AC voltage, L1, L2, L3, is supplied through grid
impedance Xg from the shore grid 5 to a primary reactance source 6 at the input to the ferry
transformer 2. Voltage is then supplied through secondary reactance Xs1 and Xs2 to different
legs of the bridge. A star delta arrangement is used, with Xs1 in a star topology and Xs2 in a
delta topology. Use of thyristor rectifiers and inductance allows a delay to be applied to
conduction, reducing the average DC voltage. However, this delay is achieved by means of a
phase shift of 30° which is introduced to the source voltage, having an effect equivalent to
reactive power in the shore grid, drawing current and cycling at the supply frequency, causing
losses and voltage drops in the shore grid. Thus, the conventional solution still causes some
inconvenience to other users and problems for the grid operator.

[0033] When the local AC power grid 5, is unable to provide the necessary high current supply
to the vessel 1 for rapid charging, the charging system 10 comprises a plurality of energy
storage modules 13, which are charged more slowly from the AC power grid than a direct
connection to the vessel would require. The maximum current that is drawn from the AC power
grid may then be chosen to be relatively low. When the vessel 1 is plugged in to the charging
station 10, high current charging is possible, so the batteries 4 on the vessel may be charged
relatively quickly compared to what would be possible with that AC power grid 5 alone. The
vessels supplied in this way may have electric motors having an output from a few hundred
kilowatts upwards. There may also be circumstances where the demand from the vessel in
terms of power and speed of charging, such as when docked overnight, would be low enough
to connect directly to the local grid, but the issue of reactive power generation makes this
impractical.

[0034] The present invention addresses this problem by providing a controlled AC to DC
converter and a controlled DC to AC converter in the charging system 10 together with a serial
transformer to the AC grid 5 so as to be able to adjust the voltage supplied to the vessel 1 and
therefore be able to use a passive rectifier on the vessel, rather than the conventional thyristor
controlled rectifier. This allows space to be saved on the vessel. However, there is also the
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option of providing all of the equipment connected to the AC main grid 5 on the vessel, rather
than having a shore based charging system, so that the vessel can charge directly from the
mains at any remote location, without the need for the shore based charging station to have
been installed at that location. In that case, the optional energy storage system 13 may be
excluded. The examples of Figs.3 and 4 show the equipment on the shore with a passive
rectifier on the vessel and the example of Fig.5 shows all the equipment on the vessel with a
direct connection to an AC charger on shore. However, these examples are not limiting and
embodiments with the arrangements of Figs.3 and 4 are possible with the components of the
charging station 10 all located on the vessel, as are embodiments of the type illustrated in
Fig.5, but with the components of the charging station 10 being located mainly on the shore
with just the passive rectifier and vessel battery, on the vessel, but otherwise with the same
circuitry as illustrated in Fig.5.

[0035] Fig.3 illustrates a first example of the present invention, for the example in which the
thyristors 3 of the rectifier transformer circuit are replaced by passive diodes 20 in a rectifier
19, connected to inductances 21, 22 in a transformer 18 to form a 12 pulse rectifier
transformer 23. In practice, where a thyristor based system already exists, the thyristors can
be operated as if they were diodes, rather than having to be replaced. For a new installation,
the passive rectifier may be built using diodes, rather than thyristors. The bridge rectifier 23 on
the ferry 1 has the same star delta topology as illustrated in Fig.2. However, instead of a direct
connection to the AC mains supply 5, inductances 24 on the input side of the transformer are
each coupled through one of a pair of serial connected transformer windings 26, 27, 28 to
respective AC grid connections 29, 30, 31 in the voltage control transformer 32. A tap 33, 34,
35 off each line to the AC grid connections is connected to a transformer 36 at the input to a
controlled AC/DC converter 37, with delta star topology. The other one of the pair of
transformer windings 26, 27, 28 in each case is connected to a controlled DC/AC converter 38.
Acurrent sensor, T1 for the rectifier current to the battery is provided. The rectifier current may
be measured directly or indirectly from the AC current, although generally an indirect
measurement is simpler, rather than needing to produce a signal that has to go across the ship
to shore connection.

[0036] The converters 37, 38 operate as inverters or rectifiers according to whether they are
converting from DC to AC or vice versa. If required, an optional DC energy storage unit 13 is
provided, connected across between the AC/DC converter 37 and the DC/AC converter 38. At
each end of a string of energy storage devices 50, a fuse F1, F2 may be provided for electrical
isolation in the case of a fault and switches 39 for galvanic isolation. The AC/DC converter 37
and DC/AC converter 38 may take any suitable form, for example, a basic unit 51 of a diode in
parallel with a transistor (Q1 to Q6), a pair of such units being connected in series and each
transformer winding 26, 27, 28 being connected between a pair of units 51. A filter capacitor 52
may be provided in parallel with the pairs of units 52. In combination with the converter
inductance this capacitor forms a sine wave of the voltage from the pulse with modulated
voltage from the converter.

[0037] The circuit of Fig.4 is the same as Fig.3, except that the AC/DC converter 37 of Fig.3 is
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replaced by a diode or a thyristor rectifier 41. Use of a rectifier means that the power can only
flow in one direction and hence that the voltage on the transformer 32 can only be regulated in
the positive direction. This topology is most suitable where the optional energy storage
batteries in the charging station is not present. The diode rectifier 40 may comprise a pair of
diodes 53 for each of the AC voltage inputs, connected through transformer 36, each input 54,
55, 56 from the transformer 36 being connected between a pair of diodes 53. The circuit is
otherwise the same and operates in the same way as the Fig.3 embodiment. An alternative to
this topology is to supply the DC link 70 for the DC/AC converter 38 from the battery DC link 71
and put all the equipment in sections 10 and 1 onboard the ship.

[0038] The circuit of Fig.5 shows an example using a controlled AC/DC converter 41, to which
the inputs from transformer 36 are connected through a common LC filter comprising a
capacitor and inductance 43 and a controlled DC/AC converter 42 to which the inputs from the
serial connected voltage controlled transformer 32 are connected via a crowbar A5, then
through a common LC filter comprising a capacitor and inductance 44, so that if a short circuit
occurs on the Q3 side of T2, the crowbar stops the flow of current until Q1 has disconnected
the AC supply from the system. The crowbar avoids currents causing damage to the
freewheeling diodes in converter 41. The voltage controlled transformer 32 impedance limits
the current in case of a short circuit. The same current on the primary side of the transformer
will be reflected on the secondary side of the transformer 32 only with the ratio difference
between the two sides of the transformer. When the crow bar detects a short circuit by current
measurement, the crow bar shorts the secondary side of the transformer and the short circuit
current flows in the crow bar instead of the converter 41 freewheeling diodes until the circuit
breaker Q1 opens the short.

[0039] Additional protection may be provided by the taps 33, 34, 35 having breakers Q2 in the
lines to the transformer 36 and also by the use of a contactor, which performs the function of a
breaker, at Q3, between the voltage control transformer 32 with its direct series windings.
Voltage and current sensors 57, 58 may be provided between the shore grid connection and
the voltage controlled transformer 32 and the sensed data supplied to converters 41 and 42,
which then control the power on each side of the transformer 32 and hence the supply of the
grid power to the vessel battery 4, accordingly.

[0040] On the ferry itself, a grid controller (GC) - not shown - is connected through a pre-
magnetisation transformer 59 to the legs of the diode bridge. Rather than using thyristors in
the vessel transformer 2 to keep the voltage at an acceptable level for the grid 5, the voltage is
adjusted on the Q3 side, in the charging station 10, which may be on shore, or incorporated in
the vessel, as explained above. The AC voltage is directly regulated to avoid reactive power
production. In practice, the energy storage 13, or battery connected between the converters,
41 and 42 is often needed to enable the vessel to be charged at the rate required. A shore
battery pack may be charged with a much lower power, e.g. 2MW continuously, with a charge
capacity of 7MW, which is then available to the vessel when it connects to recharge.

[0041] The modified charger design has the effect of keeping the rating required for the power
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electronics to a minimum. The topology enables only part of the controlled power to be
transferred through the power electronics. The rest of the power is running in parallel to the
power electronics, so the power electronics only need to be dimensioned for a small part of the
total power. The voltage regulation of the serially connected transformer windings of the
voltage control, or cascade, transformer 32 may be limited to system maximum voltage
variations. By doing this only a part of the power to the rectifier is transferred to the cascade
converter. For example, the voltage of the grid may have an amplitude that can vary from
about 230V to as much as 24kV, for example for a ferry, this may be in the range of 9.9kV to
12.1 kV. The voltage range depends upon the size and application. For example, the ferry DC
voltage varies according to the state of charge and the charging power of the onboard energy
storage 4. These variations need to be regulated by the cascade converter 32 to be able to
control the battery power.

[0042] Fig.7 illustrates regulation of the voltage of the ferry to be in phase with the grid voltage
in both positive and negative directions, in terms of vectors. The conversion voltage in the
positive direction, Uconv_pos and conversion voltage in the negative direction, Uconv_neg.
The voltage regulation, dUreg, is then the sum of these vectors Uconv_pos and Uconv_neg.
The grid voltage is represented by Ugrid vector. The ac current will normally be in phase with
(Ugrid + Uconv) to ensure a power factor of 1.

[0043] An example of a method of charging in a stored electrical energy power supply system
is shown in the flow diagram of Fig.8. The initial connection 60 of the vessel to the AC supply
through the charging station, which may be located on the shore or located on the vessel, is
made with breakers Q3 initially open. The AC supply is connected to the system by closing
breakers at Q1. This allows the supply 61 of three phase AC. Before closing 61 the breakers at
Q3, the inverter 42 synchronises 62 the voltages above the contactor at Q3, i.e. to the left and
the right of the breaker between all phases. The grid converter onboard the ship is used 63 as
a voltage source connected to the secondary side 21, 22 of the rectifier transformer 23 on the
ferry through the small pre-magnetising transformer 59. The voltage source typically supplies
voltage at between 6kVA and 20kVA depending on how long the source is to be connected.
The pre-magnetising transformer 59, or sync transformer, is installed to avoid large inrush
currents in the rectifier transformer 23 coming from the grid.

[0044] When Q3 is closed 64, the GC ferry sync transformer 59 is disconnected and then the
converter 42 voltage ramps 65 from Uconv_pos resulting in increased voltage to the rectifier
transformer. The voltage ratio on the rectifier transformer 23 should ensure that there is no, or
very little, current flowing in the rectifier 23 until the cascade transformer 32 has zero voltage
across it. WWhen Uconv_pos is higher than zero, the current in the rectifier 23 can start to flow.
The voltage level at which the current starts to flow is dependent on the grid voltage and the
battery state of charge. The synchronization voltage should have a voltage less than the Ugrid
voltage taking the ratio in the rectifier transformer 23 into consideration, so the cascade
converter 32 has to work in the Uconv_neg region.

[0045] During operation, charging the vessel, the inverter(s) 41 regulate 66 the power from the
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grid to not climb above a maximum allowed level while the inverter 42 should control a
constant power to the rectifier transformer. As previously mentioned, the rectifier onboard the
ferry works as a diode rectifier even in the case where the rectifier is a thyristor rectifier. The
thyristor may still be used as a protection device in case of failures, but the arrangement of the
charging station means that there is no power regulation by the thyristor rectifiers to avoid
reactive power consumption from the grid.

[0046] Although the circuit on the vessel 1 is superficially similar to that of the present
invention, there are many benefits in exchanging the thyristors for diodes, or operating existing
thyristors as diodes, including that the onboard current capacity is significantly increased and
the rating requirements for the onboard transformer, particularly the power electronics, are
reduced because that transformer does not need to cope with reactive power. The transformer
may be reduced with a VA-rating of 20%, changing from thyristors to diodes increases the
power rating for the same module by about 1.5 to 1.7 times. The modified design results in a
physically smaller overall system, having fewer interfaces. In addition, in engineering terms, a
change anywhere in the circuitry of a thyristor based system will give rise to rise to the need for
corresponding change elsewhere in the system, which is not the case when passive
semiconductor devices, typically diodes, are used. These also have the benefit of saving space
and cost.

[0047] Figure 9 shows a single line diagram illustrating a 3-phase converter system for an
electrical propulsion system. The system shown is a dual converter system feeding through
parallel inputs to a single motor 90. A first bus 80 is connected to a second bus 81 by means of
bus ties 82, 83. Switches 84, 85 connect the first 80 bus or second bus 81 to a transformer 88,
the outputs of which are connected via rectifier 99 to a DC to AC converter 89, to supply AC
voltage to the motor 90 from each line. The transformers 88 may each have a connection to an
auxiliary bus 86, 87. In such a system, it is desirable that the motor 90 continues to operate,
even when a bus tie 82, 83 on a primary side of a transformer 88 is open.

[0048] In order to be able to maintain the same DC voltage from each side, if a bus tie on the
primary side of transformer 88 is open, the same topology as Fig.9 is used, but with an
additional circuit provided for one of the drives, between the first bus 80 or the second bus 81
and the voltage control transformer 32 in that line. This can be seen in Fig.10. The additional
circuit comprises a serial transformer 91 with a converter 92, 93 on the secondary side of the
transformer 91 connected to the auxiliary bus 86. This ensures that the DC voltage from each
side is still equal, even if a bus tie 82, 83 is open. Thus, when the DC voltage is regulated to
the same DC voltage level, parallel drives may still be connected to the motor, even if a bus tie
between the first and second buses 80, 81 is open.

[0049] Fig.11 illustrates a section of Fig.10 within the dotted line 95. Switches 84 between the
three phase supply and the first bus 80 are normally closed. The windings of transformer 91
are input to a controlled AC to DC converter 92 and controlled DC to AC converter 93, the
output of which may be connected to pulse rectifier transformer circuitry 88, 99 through an
additional secondary winding 96. In the example shown, a typical bus voltage is 11kV, with a
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690V auxiliary bus, but the invention is not limited to these voltages. The energy storage 97
may be in the form of a battery, or capacitor bank 97.

[0050] A further modification is proposed for low voltage applications, as illustrated in Fig.12.
Here, only a single transformer 101 is required to provide voltage control, but the transformer
of the rectifier transformer used for medium voltage applications may be omitted. One winding
103 of each pair of the voltage control transformer windings is connected directly to the pulse
rectifier 105, the output of which is connected to the energy storage module 111 and the other
winding 104 is connected to a controlled AC to DC converter 106. Optionally, the connections
to the converter 106 are via a filter 107 and the output of the converter may be connected
through a chopper 108 and isolators, breakers, or separators 110 to a DC bus 109. As with the
other examples, the energy storage module may be a battery or capacitor bank, or other
suitable storage device.

[0051] The present invention has a number of advantages, including the possibility of reducing
the volume, size, cost and complexity of equipment required on the vessel, as well as reducing
the size of the equipment needed onshore.

[0052] The present invention has been described with respect to an electric or hybrid electric
vessel, but is equally applicable to land based electric or hybrid electric vehicles, or electric
aircraft, wishing to have certainty about the availability of sufficient high current charging, for
example in remote locations where the AC power grid is unable to support rapid DC charging,
to enable the vehicle or electric aircraft to complete its journey. Reference to the example of a
shore based charging station being the remote supply does not exclude other types of remote
charging station, or off-grid supply, such as an offshore wind farm, offshore platform, offshore
production facility, or another vessel, vehicle or aircraft adapted to act as the remote supply.
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Patentkrav

1. Elektrisk opladningssystem (10) for fartejer, karetajer eller fly, hvor systemet
omfatter et eller flere energilagringsmoduler (13) pa fartzjet, keretgjet eller
flyet; en pulsensretter; en konverter (37, 41, 92, 106); og en spaendingssty-
ringstransformator (32, 91, 101); hvor det ene eller flere energilagringsmoduler
er forbundet med udgange af pulsensretteren; kendetegnet ved, at spaen-
dingsstyringstransformatoren (32, 91, 101) er forbundet med indgange af im-
pulsensretteren (23, 88, 105); hvor speendingsstyringstransformatoren omfat-
ter en seriel transformer med en flerhed af par af transformerviklinger, der er
forbundet med hinanden i serie, hvor en vikling (103) af hvert par er indrettet
til at blive forbundet mellem pulsensretteren og et input fra en energikilde, hvor
energikildeinput omfatter forbindelser til en trefaset vekselstremsforsyning; og
den anden vikling (104) af hvert par er forbundet med konverteren (37, 41, 92,
106), hvor en indbygget netstyreenhed, der omfatter en indbygget netkonver-
ter og en formagnetiseringstransformator (59) pa fartejet, keretajet eller fly,
leverer en spaendingskilde for at forhindre indkoblingsstrem ved tilslutning af

det indbyggede energilagringsmodul (4) til energikilden.

2. System ifelge krav 1, hvor konverteren (106) omfatter en styret veksel-

strems- til jeevnstremskonverter.

3. System ifelge krav 1 eller 2, hvor konverteren (106) yderligere omfatter en
chopper (108) mellem outputtet fra vekselstrems- til jeevnstremskonverteren

og en jeevnstremsbus (109).

4. System ifalge et hvilket som helst af de foregaende krav, hvor energilag-

ringsmodulerne (13) omfatter et batteri eller en kondensatorbank.
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5. System ifalge et hvilket som helst af de foregaende krav, hvor konverteren

(38) omfatter en jeevnstrems- til vekselstramskonverter.

6. System ifelge krav 5, hvor konverteren yderligere omfatter en vekselstrems-
til jeevnstremskonverter (37) eller en diodeensretter i serie med jeevnstreams-

til vekselstremskonverteren (38).

7. System ifelge krav 6, hvor systemet yderligere omfatter udtag (33, 34, 35)

fra energikildens input til vekselstrems- til jeevnstremskonverteren.

8. System ifslge krav 7, hvor en transformer er forbundet mellem veksel-
strems- til jeevnstremskonverteren (37) og udtagene (33, 34, 35) til energikil-

dens input.

9. System ifalge et hvilket som helst af de foregaende krav, hvor systemet
yderligere omfatter en stremdetektor (T1) til at detektere strem, der flyder til

eller fra energilagringsmodulerne (13) pa fartajet, keretejet eller flyet.

10. System ifelge et hvilket som helst af de foregaende krav, hvor systemet
yderligere omfatter mindst én af stream- eller speendingsdetektorer (57, 58) for
at tilvejebringe en indikation af strem eller speending ved forbindelsen til ener-

gikilden.

11. System ifglge krav 5, hvor flerfasestremforsyningen omfatter en fartgjs-
stremforsyning, og fjernopladningsstationen omfatter en landbaseret oplad-

ningsstation.

12. System ifalge et hvilket som helst af de foregaende krav, hvor et eller flere

energilagringsmoduler (13) er forbundet til konverteren.
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13. System ifalge et hvilket som helst af de foregaende krav, hvor opladnings-
stationen (10) yderligere omfatter en forbindelse (12), der kan aftageligt forbin-
des til et fartgj, et keretoj eller et fly til elektrisk at forbinde opladningsstatio-
nens energilagringsmoduler til energilagringsmoduler ombord pa fartgjet, ka-

retgjet eller fly til at oplade lagermodulet (4) ombord.

14. Fartej, keretgj eller fly, omfattende et system ifglge et hvilket som helst af
de foregaende krav; og mindst én forbruger om bord pa fartgjet, keretajet eller

flyet, forbundet til energilagringsmodulerne (13).

15. Fremgangsmade til opladning af et system ifalge et hvilket som helst af
kravene 1 til 13, eller til opladning af et fartej, et karetgj eller et fly ifalge krav
14, hvor fremgangsmaden omfatter initiering af en forbindelse (60) til en vek-
selstremsforsyning for at oplade et energilagringssystem af et fartgj, et keretg;
eller et fly ved at lukke en forbindelse (Q1) fra vekselstreamsforsyningen og
regulere effekt fra vekselstreamsforsyningen til en ensrettertransformator (23)
ved hjeelp af en jeevnstrems- til vekselstremskonverter og en spaendingssty-

ringstransformator (32).
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FIG 8
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FIG 9
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figure 11
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continuation of figure 11
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