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DC SUPPLY UNIT FOR A POWER PROVISION UNIT

TECHNICAL FIELD
The present disclosure generally relates to power systems and in particular to
a DC-supply unit for a power provision unit used in a DC supply network

environment.

BACKGROUND

Power systems typically comprise a plurality of components, such as one or
more power generation source, drives and energy storage modules. These
components are typically interconnected by means of a busbar system in
which currents can flow for providing power to one or more loads connected

to the power system.

At some point a fault, such as a short circuit will inevitably occur in the power
system, either in the busbar system, in one of the components of the system,
or in aload. In case of a fault, it is important to isolate the fault from the

healthy part of the system such that normal power provision can be

- continued by means of the healthy part, and for protecting the healthy parts

from being damaged. For this purpose, a protection system is typically

included in the power system.

A protection system arranged to handle faults in a power system typically
comprise monitoring equipment arranged to monitor electrical parameters
such as currents in the power system, and circuit breakers controlled by the
monitoring equipment. The circuit breakers are arranged in such a way in the

power system that selective fault isolation can be obtained in case of a fault.

Existing protection systems can in some applications however be both very

expensive and space consuming.
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SUMMARY

Direct current (DC) circuit breakers are particularly large, because on the
contrary to alternating current circuit (AC) breakers, they cannot depend on
zero crossings. Therefore, larger air gaps are needed for DC circuit breakers
to ensure proper protection. As a result, DC circuit breakers typically

consume large amounts of space, and they are expensive to manufacture.

In view of the above considerations, a general object of the present disclosure

is to provide a DC supply unit that enables the creation of a circuit breaker

less DC supply network that selectively can handle faults.

Hence, according to a first aspect of the present disclosure there is provided a
DC supply unit which at one end is arranged to be connected to a DC supply
network and which at its other end is arranged to be connected to a power
provision unit internal bus, wherein the DC supply unit comprises: a first
current blocking device arranged to allow current to flow in a first direction
through the first current blocking device, which first direction is the flow
direction of current during normal operation of the DC supply network, and
to block current that flows in a second direction opposite the first direction,
and a first switching unit arranged in anti-parallel connection with the first
current blocking device, wherein the first switching unit is controllable in its
on state-state to selectively allow reverse current during normal operation of
the DC supply network to flow through the first switching unit in the second
direction so as to bypass the first current blocking device and in an off-state

to block current in the second direction when a fault occurs in the DC supply

network.

By utilising one or more DC supply units according to the present disclosure,
a DC supply network that selectively can handle faults without the use of
circuit breakers can be created. To this end, current is able to flow through
the DC supply unit during normal operation of the DC supply network such
that power can be provided to the power provision unit from the DC supply
network. Moreover, reverse current during normal operation is also able to

flow through the DC supply unit through the first switching unit as the first
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switching unit is in its on-state. Furthermore, when a fault occurs in the DC
supply network, the first switching unit is set in its off-state, thereby blocking
current from flowing through the first switching unit, thereby preventing the

power provision unit from providing currents to the fault.

A power provision unit is herein defined to be a unit that is either arranged to
provide reserve power to the DC sui)ply network, such as an energy storage
unit, or a unit such as a drive unit, that is arranged to provide power to
electrical motors or similar electrical equipment connected to the DC supply

network.

One embodiment comprises a first conductor and a second conductor for
connecting the DC supply unit to the DC supply network and to the power
provision unit, wherein each of the first current blocking device and the first

switching unit has a respective input terminal and output terminal connected

to the second conductor.

According to one embodiment, the first current blocking device is a passive

current blocking device.
According to one embodiment, the first current blocking device is a diode.

One embodiment comprises an inductor connected to the second conductor.
Thereby current controlled reverse feeding may be provided during a fault,
thus enabling the protection of a power provision unit comprising a battery

or a super capacitor fed DC-DC chopper.

According to one embodiment, the first current blocking device is connected
in parallel with the first switching unit and with the inductor in such a way

that current flowing in the first direction bypasses the inductor.

One embodiment comprises a second switching unit connected in parallel

with the first current blocking device.

According to one embodiment, the second switching unit is a thyristor.
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One embodiment comprises a third current blocking device connected in
parallel with the second switching unit, the third current blocking device
being arranged to allow current to flow in the second direction through the
third current blocking device, and wherein the third current blocking device

is arranged to block current that flows in the first direction.

According to one embodiment, the second switching unit is arranged in
parallel with the third current blocking device in such a way that current

flowing in the first direction bypasses the third current blocking device.

According to one embodiment, the first switching unit comprises an insulated

gate bipolar transistor.
According to one embodiment, the power provision unit is a drive unit.

According to one embodiment, the power provision unit is an energy storage

unit.

According to a second aspect of the present disclosure there is provided a
power provision unit comprising a DC supply unit according to the first

aspect presented herein.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise
herein. All references to "a/an/the element, apparatus, component, means,
ete. are to be interpreted openly as referring to at least one instance of the
clement, apparatus, component, means, ete., unless explicitly stated

otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

The specific embodiments of the inventive concept will now be described, by

way of example, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram of a DC supply network in which a DC supply

unit may be used together with power provision units;
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Fig. 2a is a schematic diagram of a first example of a DC supply unit;
Fig. 2b is a schematic diagram of a second example of a DC supply unit;
Fig. 2¢ is a schematic diagram of a third example of a DC supply unit;

Fig. 3a shows an example of how the DC supply unit in Flg 2a may operate

under normal operating conditions;

Fig. 3b shows another example of how the DC supply unit in Fig. 2a may

operate under normal operating conditions; and

Fig. 3¢ shows an example of how the DC supply unit in Fig. 2a may operate
under a fault condition in the DC supply network to which the DC supply

network is connected.

DETAILED DESCRIPTION

The inventive concept will now be described more fully hereinafter with
reference to the accompanying drawings, in which exemplifying
embodiments are shown. The inventive concept may, however, be embodied
in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided by
way of example so that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to those skilled in the art.

Like numbers refer to like elements throughout the description.

Fig. 1 depicts a schematic diagram of an example of a DC supply network 1 in
which a DC supply unit according to this disclosure may be utilised. The DC
supply network 1 comprises a main DC bus 3 having a first busbar 3-1 and a
second busbar 3-2 separable by means of a bustie breaker 5, a first power
generating unit P1, a second power generating unit P2, a third power
generating unit P3, a fourth power generating unit P4, an energy storage unit

E, a first drive unit D, a second drive unit D2, and DC supply units 9.

The first drive unit D1 and the second drive unit D2 are arranged to power

electrical motors or similar equipment. Examples of such drive units are
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single drives, multi drives or static frequency converters intended to supply

normal AC consumers with 50 Hz or 60 Hz AC power.

The drive units D1, D2 and the energy storage unit E are examples of what in
more general terms will be referred to as power provision units in this

disclosure.

The DC supply network 1 further comprises isolator switches 7, i.e.
disconnectors, associated with a respective power generating unit P1, P2, Pg,
P4 for being able to disconnect the power generating units P1, P2, P3, P4
from the main DC bus 3. Thereby each power generating unit can be isolated
from a fault on e.g. the main DC bus 3, or they can be isolated for

maintenance purposes.

The first power generating unit P1 is arranged to feed the main DC bus 3, and
is connectable to the main DC bus 3 via an isolator switch 7. According to the

example in Fig. 1, the first power generating unit P1 is connectable to the first

busbar 3-1.

The second power generating unit P2 is arranged to feed the main DC bus 3,
and is connectable to the main DC bus 3 via an isolator switch 7. According to
the example in Fig. 1, the second power generating unit P2 is connectable to

the first busbar 3-1

The third power generating unit P3 is arranged to feed the main DC bus 3,
and is connectable to the main DC bus 3 via an isolator switch 7. According to
the example in Fig. 1, the third power generating unit P3 is connectable to the

second busbar 3-2.

The fourth power generating unit P4 is arranged to feed the main DC bus 3,
and is connectable to the main DC bus 3 via an isolator switch 7. According to

the example in Fig. 1, the fourth power generating unit P1 is connectable to

the second busbar 3-2.

The first power generating unit P1 comprises a generator Gi, such as a diesel

engine driven generator, arranged to generate alternating current, and a
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rectifier R1 arranged to convert the alternating current to direct current to be
fed into the main DC bus 3. The rectifier R1 may be provided with fuses

dimensioned to blow in case of a fault in the rectifier R1.

The second power generating unit P2, the third power generating unit P3,
and the fourth power generating unit P4 may have similar design as the first
power generating unit P1 or their design may be different, e.g. they may have
a.crow bar design together with a diode on diode on the positive pole of the

rectifier DC terminal.

Each of the exemplified first drive unit D1 and the second drive unit D2 has a
drive unit bus system DB comprising a first bus DBl and a second bus DB2.
Furthermore, each of the first drive unit D1 and the second drive unit D2 has
a number of converter units, in the following exemplified by inverters I1, I2,
I3, connected to their respective drive unit bus system DB, and fuses F
arranged between the terminals of the inverters I1, I2, I3, and the drive unit

bus system DB. An example of a suitable inverter is ABB’s ACS800 inverter.

The exemplified energy storage unit E has an energy storage unit bus system
EB having a first bus EB1 and a second bus EB2. The energy storage unit E
further comprises power provision devices such as a battery unit B and a
capacitor bank C connected to the energy storage unit bus system EB, a DC-
DC converter 15 connected to the energy storage unit bus system EB, and
fuses F. The fuses F are arranged between the terminals of the DC-DC
converter 15 and the energy storage unit bus system EB, between the
capacitor bank C and the energy storage unit bus system EB, and between the

battery unit B and the energy storage unit bus system EB.

By means of the DC-DC converter 15 the voltage level output of the battery
unit B can be controlled if power is to be provided to the main DC bus 3 from

the energy storage unit E.

It is to be noted that the energy storage unit E is an example of a many

possible configurations regarding the number of power provision devices and
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converters. For example, some variations of an energy
storage unit do not have a capacitor bank, and some may be
without a DC-DC converter.

Each DC supply unit 9 is at one end arranged to be
connected with the main DC bus 3 and at its other end it is
arranged to be connected to a power provision internal bus
such as the drive unit bus system or the energy storage
unit bus system. A DC supply unit 9 may form part of a
power provision unit. Alternatively, a DC supply unit may
be an external component which can be connected to a power

provigion unit.

Examples of the DC supply unit 9 will now be described with
reference to Figg 2a-c.

Fig. 2a depicts a schematic diagram of a first example of a
DC supply unit 9. DC supply unit 9-1 comprises a first
conductor 16-1, a second conductor 16-2, a first current
blocking device 17, and a first switching unit 21.

The first current blocking device 17 can for example be a
passive current blocking device such as a diode.
Furthermore, depending on the power rating of the DC supply
system in which the DC supply unit 9-1 is used, further
current blocking devices may be arranged in parallel with
the first current blocking device, e.g. a plurality of
diodes may be parallel connected to be able to handle high

currents.

The first switching unit 21 may for instance comprise one
or more insulated gate bipolar transistors (IGBT).

The first current blocking device 17 1is arranged to allow
current to flow in a first direction 19-1 through the first
current blocking device 17. The first direction 19-1 is the
flow direction of current during normal operation of the DC
supply network to which the DC supply unit 9-1 may be
connected. In this sense, normal operation is the
operational state of the DC supply network when no fault is
present in the DC supply network, such fault being external
to the DC supply unit 9-1 and external to the drive unit to
which the DC supply unit 9-1 may be connected. Typically
during normal operation, the
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first conductor 16-1 is the plus pole and the second conductor 16-2 is the
minus pole, although in some situations that may occur during normal
operation, the current may be reversed for shorter periods. However, the
reference first direction 19-1 shall herein mean the situation when power is
provided to the power provision unit from the DC supply network and not
when power is provided to the DC supply network from a load via the DC

supply unit. This definition applies to all the examples disclosed herein.

The first current blocking device 17 is further arranged to block current that

flows in a second direction 19-2 opposite the first direction 19-1.

The first switching unit 21 is arranged in anti-parallel connection with the
first current blocking device 17. The first switching unit 21 is controllable, by
means of control signals, to selectively allow current to flow through the first
switching unit 21 in the second direction 19-2 so as to bypass the first current

blocking device 17, and to block current in the second direction 19-2.

The first current blocking device 17 has an input terminal 17-1 and an output
terminal 17-2. The first switching unit 21 has an input terminal 21-1and
output terminal 21-2. According to the example in Fig. 2a, the input terminal
17-1 and the output terminal 17-2 of the first current blocking device 17 are
connected to the second conductor 16-2. Similarly, the input terminal 21-1
and the output terminal 21-2 of the first switching unit 21 are also connected

to the second conductor 16-2.

It is to be noted that, as a variation of the first example, the input terminal
and the output terminal of the first current blocking device may be connected
to the first conductor and the input terminal and the output terminal of the
first switching unit may also connected to the first conductor, if the
arrangement of the first current blocking device and the first switching unit is
mirrored. Thus, in that case the first current blocking device is arranged to
allow current flowing in the second direction 19-2 to flow through the first
current blocking device and the first switching unit is then arranged such that

it can be controlled to allow current flowing in the first direction 19-1 to flow
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through the first switching unit. The same also applies to the second and

third examples disclosed herein.

Returning now to Fig. 2a, the DC supply unit 9-1 may further comprise a
freewheeling diode 23 connected between the first conductor 16-1 and the

second conductor 16-2.

Additionally, the DC supply unit 9-1 may in some variations also comprise an
isolator switch unit 25, i.e. a disconnector. Thereby, the DC supply unit g-1
and thus the power provision unit connected to the DC supply unit may be
isolated from a fault on for instance the main DC bus shown in F]g 1, or the

isolator may isolate a faulty power provision unit connected to the DC supply

unit 9-1.

Referring now to Fig. 2b, a second example of a DC supply unit will now be
described. DC supply unit g-2 comprises a first conductor 16-1, a second

conductor 16-2, a first current blocking device 17, a first switching unit 21 and

an inductor 27.

The first current blocking device 17 is arranged to allow current to flow in the
first direction 19-1 through the first current blocking device 17. The first
current blocking device 17 is further arranged to block current that flows in a

second direction 19-2 opposite the first direction 19-1.

In this example, the first current blocking devicé 17 can for example be a
passive current blocking device such as a diode. Furthermore, depending on
the power rating of the DC supply system in which the DC supply unit 9-2 is
used, further current blocking devices may be arranged in parallel with the
first current blocking device, e.g. a plurality of diodes may be parallel
connected to be able to handle higher currents. The first current blocking
device 17 may be connected in parallel 22 with the first switching unit 21 and
with the inductor 27 in such a way that current flowing in the first direction

19-1 bypasses the inductor 277 and the first switching unit 21.
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According to one variation, DC supply unit 9-2 may comprise a second
current blocking device 22. The first switching unit 21 may according to this
embodiment be arranged in anti-parallel connection with the second current
blocking device 22. The second current blocking device 22 can for example be

a diode that is included in or forms part of the first switching unit 21.

The first switching unit 21 is controllable, by means of control signals, to
selectively allow current to flow through the first switching unit 21 in the
second direction 19-2 so as to bypass the first current blocking device 17 and
the second current blocking device 22, and to block current in the second

direction 19-2.
The first switching unit 21 may for instance be an IGBT.

The inductor 27 may have its terminals connected to the second conductor
16-2. The inductor 27 may be arranged downstream of the anti-parallel
connection of the second current blocking device 22 and first switching unit
21, with respect to the first direction 19-1. In case of a mirror arrangement,
when the mentioned components are connected to the first conductor, the
inductor is upstream of the anti-parallel connection of the second current
blocking device 22 and first switching unit 21, with respect to the first

direction 19-1.

The DC supply unit 9-2 may further comprise a freewheeling diode 23
connected between the first conductor 16-1 and the second conductor 16-2.

The DC supply unit 9-2 may in some variations also comprise an isolator
switch unit 25, i.e. a disconnector. Thereby, the DC supply unit g-2 and thus
the power provision unit connected to the DC supply unit may be isolated
from a fault on for instance the main DC bus shown in Fig. 1, or the isolator
may isolate a faulty power provision unit connected to the DC supply unit 9-

2.

A third example of a DC supply unit will now be described with reference to

Fig. 2¢. DC supply unit 9-3 comprises a first conductor 16-1, a second
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conductor 16-2, a first current blocking device 17, a first switching unit 21, a
second switching unit 29, and another current blocking device referred to as a

third current blocking device 31.

The first current blocking device 17 and the first switching unit 21 are similar
to what has been described with referen ce to Figs. 2a and 2b, and will

therefore not be deseribed in more detail.

The second switching unit 29 is connected in parallel with the first current
blocking device 17. The second switching unit 29 may for example be a

thyristor.

The third current blocking device 31, which for instance may be a diode, is
connected in parallel with the second switching unit 29. The third current
blocking device 31 is arranged to allow current to flow in the second direction
19-2 through the third current blocking device 31, and to block current that

flows in the first direction 19-1.

The second switching unit 29 is arranged in parallel with the third current
blocking device 31 in such a way that current flowing in the first direction 19-

1 bypasses the third current blocking device 31.

The design of the DC supply unit 9-3 allows for current to flow through the
second switching unit 29 in the first direction 19-1 during normal operation.
If the current direction is reversed during normal operation, e.g. due to motor
breaking, the third current blocking device 31 will allow current to flow
through it, and the first switching unit 21 is controlled to be in its open state,
whereby the current is allowed to flow through the DC supply unit 9-3. In the
case of a fault in the DC supply network, during which current flow is
reversed such that it flows in the second direction, the second switch unit 29
blocks the current, as does the first current blocking device 17, and the first
switching unit 21 is set to its off state. Thereby, currents are blocked from
flowing from the power provision unit, which may be connected to the DC

supply unit 9-3, to the fault.
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The DC supply unit 9-3 may further comprise a freewheeling diode 23

connected between the first conductor 16-1 and the second conductor 16-2.

The DC supply unit 9-3 may in some variations also comprise an isolator
switch unit 25, i.e. a disconnector. Thereby, the DC supply unit 9-3 and thus
the power provision unit connected to the DC supply unit may be isolated
from a fault on for instance the main DC bus shown in Fig. 1, or the isolator

may isolate a faulty power provision unit connected to the DC supply unit 9-

3.

Referring now to Figs 3a-c, the operation of the DC supply unit 9-1 according

to the first example will now be described in some specific situations.

In Fig. 3a, the DC supply unit 9-1 is connected to the DC supply network 1 at
one end, and to the first drive unit D1 at its other end. According to the
example, the first drive unit D1 is arranged to power a motor M. In the
example in Fig. 3a, the DC supply network 1 operates under normal operating

conditions, i.e. no faults are present in the DC supply network.

Power is thus provided to the motor M via the first drive unit D1 and a
current iy flows from the DC supply network 1 via the first conductor 16-1 to
the first drive unit D1 and the motor M, and then back to the DC supply

network 1 via the second conductor 16-2.

According to the example, the current ix flows in the first direction 19-1 in the
second conductor 16-2. The current i is thus able to flow through the first
current blocking device 17back to the DC supply network 1. Typically, the first

switching unit 21 is in its on-state during normal operation.

In Fig. 3b, a situation is shown where the motor M breaks, wherein the
current iy is reversed. In this case, the current flow direction in the second
conductor 16-2 is in the second direction 19-2. The first switching unit 21 is
controlled to be in its open state such that the current in can flow through the
first switching unit 21. Thereby current is able to flow through the DC supply
unit 9-1 and through the first drive unit D1.
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In Fig. 3¢, a situation is shown where a short circuit fault 33 has occurred
somewhere on the main DC bus of the IDC supply network 1. In this case, the
voltage level on the main DC bus will fall, and become lower than the voltage
level at the first drive unit D1. Therefore, the current flow direction is
reversed as compared to thé flow direction of the normal opei"ational state in
Fig. 3a. In this situation, the first switching unit 21 is set in its off-state
thereby blocking current from flowing through the first switching unit in the
second direction 19-2. The first current blocking device 17 also blocks current
from flowing through it. Therefore, the fault current ir will flow through the
freewheeling diode 23 back to the DC supply network 1. As a result, currents
drawn from capacitor banks in the first drive unit D1 can be limited, thereby
hindering the protecting fuses F to blow in the first drive unit D1, as typically
such fuses are intended to blow only in case of an internal fault in the first

drive unit D1 or possibly in case of a fault downstream of the first drive unit

Da.

Sensors are typically arranged to measure electrical parameters such as
currents and voltages in the DC supply network. Based on the measured
parameters, proper control can be provided to the switching unit(s) in the DC
supply unit according to any example presented herein. Thus, it can be
determined whether a reverse current is due to a fault, wherein the switching
unit(s) is/are set in the off-state, or if the reverse current is due to normal
operation, wherein the switching unit is controlled such that current can be

delivered back to the DC supply network.

In addition to the current flow control provided by the DC supply units
described herein, the optional isolator switch unit 25 may be used to
disconnect the DC supply unit from the DC supply network, e.g. for
maintenance purposes or for disconnecting a faulty power provision unit

from the DC supply network.

The DC supply units described herein may for instance be used in an on-

board power system for powering a vessel. The DC supply units presented
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herein may typically be used in a low voltage environment, although higher

voltage applications, e.g. medium voltage, are also envisaged.

The inventive concept has mainly been described above with reference to a
few examples. However, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above are equally possible

within the scope of the inventive concept, as defined by the appended claims.
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CLAIMS

1. A DC supply unit (9-1; 9-2; 9-3) for a power provision
unit (D1; D2; E) for use in a DC supply network (1),
wherein the DC supply unit (9-1; 9-2; 9-3) comprises:

a first current blocking device (17) arranged to allow
current to flow in a first direction (19-1) through the

first current blocking device (17), which first direction
(19-1) 1is the flow direction of current during normal
operation of the DC supply network (1), and to block

current that flows in a second direction (19-2) opposite
the first direction, and

a first switching unit (21) arranged in anti-parallel
connection with the first current Dblocking device (17),
wherein the first switching unit (21) 1s controllable to
selectively be set in an on-state during normal operation
to allow reverse current to flow through the first
switching unit (21) in the second direction (19-2) so as to
bypass the first current blocking device (17) and in an
off-state to block current in the second direction (19-2)
when a fault occurs in the DC supply network.

2. The DC supply (9-1; 9-2; 9-3) as claimed in claim 1,
comprising a first conductor (16-1) and a second conductor
(16-2) for connecting the DC supply unit (9-1; 9-2; 9-3) to
the DC supply network (3) and to the power provision unit
(D1; D2; E), wherein each of the first current blocking
device (17) and the first switching unit (21) has a
respective input terminal (17-1, 21-1) and output terminal
(17-2, 21-2) connected to the second conductor (16-2).

3. The DC supply unit (9-1; 9-2; 9-3) as claimed in any
of the preceding claims, wherein the first current blocking
device (17) 1s a passive current blocking device.

4., The DC supply unit (9-1; 9-2; 9-3) as claimed in claim
3, wherein the first current blocking device (17) 1is a
diode.
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5. The DC supply unit (9-1; 9-2; 9-3) as claimed in any of claims 2-4,
comprising an inductor (27) connected to the second conductor (16-2).

6. The DC supply unit (9-2) as claimed in claim 5, wherein the first current
blocking device (17) is connected in parallel with the first switching unit (21)
and with the inductor (27) in such a way that current flowing in the first

direction bypasses the inductor (27).

7. The DC supply unit (9-3) as claimed in any of claims 1-4, comprising a

second switching unit (29) connected in parallel with the first current

blocking device (17).

8. The DC supply unit (g-3) as claimed in claim 7, wherein the second

switching unit (29) is a thyristor.

9. The DC supply unit (9-3) as claimed in any of claims 7-8, comprising a
third current blocking device (31) connected in parallel with the second
switching unit (29), the third current blocking device (31) being arranged to
allow current to flow in the second direction (19-2) through the third current
blocking device (31), and wherein the third current blocking device (31) is

arranged to block current that flows in the first direction (19-1).

10. The DC supply unit (9-3) as claimed in claim 9, wherein the second
switching unit (29) is arranged in parallel with the third current blocking
device (31) in such a way that current flowing in the first direction (19-1)

bypasses the third current blocking device (31).

11. The DC supply unit (9-1; 9-2; 9-3) as claimed in any of the preceding
claims, wherein the first switching unit (21) comprises an insulated gate

bipolar transistor.

12. The DC supply unit (9-1; 9-2; 9-3) as claimed in any of the preceding

claims, wherein the power provision unit (D1; D2; E) is a drive unit (D1; D2).

13. The DC supply unit (9-1; 9-2; 9-3) as claimed in any of claims 1-11,

wherein the power provision unit (D1; D2; E) is an energy storage unit (E).
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14. A power provision unit (D1; D2; E) comprising a DC supply unit (9-1; 9-2;

9-3) as claimed in any of claims 1-13.



