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POWER DISTRIBUTION ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a power distribution assembly, and

more particularly to a power distribution assembly comprising fuel cells.

BACKGROUND OF THE INVENTION

One of the problems associated with a known power distribution as-
sembly comprising fuel cells and having a high nominal power is low isolation
resistance to ground. Due to the low isolation resistance, the power capacity of
galvanically connected fuel cells is limited to about 1.5 - 2MW. If larger installa-
tions are needed, galvanic isolation must be applied. However, the galvanic isola-
tion is expensive and requires larger system components compared to galvanical-

ly non-isolating connections.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a power distribution
assembly so as to solve the above problems. The objects of the invention are
achieved by a power distribution assembly described in the following.

The invention is based on the idea of providing galvanic isolation be-
tween fuel cell groups of a power distribution assembly by electrically connecting
the fuel cell groups to DC bus bars that are galvanically isolated from each other,
and enabling power transfer between different DC bus bars through at least one
multi-winding machine unit.

An advantage of the power distribution assembly of the invention is
that no galvanically isolated DC/DC converters are required. In general, galvani-
cally isolating DC/DC converters are larger, more expensive and less efficient than
galvanically non-isolating DC/DC converters.

Another advantage of the power distribution assembly of the inven-
tion is that common mode noise in the power system is reduced. By dividing one
large DC bus bar into a plurality of smaller galvanically isolated DC bus bars,
common mode noise in the power distribution assembly is significantly reduced.
For example, if one large DC grid is split into two equal galvanically isolated DC
grids, ground leakage capacitance of each of the resulting galvanically isolated DC
grids is theoretically half of ground leakage capacitance of the original large DC

grid. Thus, ground leakage currents would also be reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a power distribution assembly according to an embod-
iment of the invention; and

Figure 2 shows a power distribution assembly according to another

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a power distribution assembly comprising a DC power
source system 2, a direct current converter system 3, a DC bus bar system 4, a
supply converter system 6, two multi-winding machine units 8, a bus bar link sys-
tem 9, and an AC bus bar 10.

The DC power source system 2 comprises a first DC power source 21
and a second DC power source 22. Each of the first DC power source 21 and the
second DC power source 22 comprises at least one fuel cell. The at least one fuel
cell of both the first DC power source 21 and the second DC power source 22 is
provided with a direct stack cooling system in which coolant water is directly
applied to fuel cell bipolar plates for efficient heat removal.

The DC bus bar system 4 comprises a first DC bus bar 41 electrically
connected to the first DC power source 21, and a second DC bus bar 42 electrically
connected to the second DC power source 22. The first DC bus bar 41 and the sec-
ond DC bus bar 42 are permanently galvanically isolated from each other. Herein,
permanent galvanic isolation between the first DC bus bar 41 and the second DC
bus bar 42 means that the power distribution assembly does not comprise an
electrical switch adapted to galvanically connect the first DC bus bar 41 and the
second DC bus bar 42.

The direct current converter system 3 comprises a first DC to DC con-
verter 31 and a second DC to DC converter 32. The first DC to DC converter 31 is
electrically connected between the first DC power source 21 and the first DC bus
bar 41, and the second DC to DC converter 32 is electrically connected between
the second DC power source 22 and the second DC bus bar 42. In other words, the
first DC power source 21 is electrically connected to the first DC bus bar 41
through the first DC to DC converter 31, and the second DC power source 22 is
electrically connected to the second DC bus bar 42 through the second DC to DC
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converter 32.

The supply converter system 6 comprises two first supply converters
61 each electrically connected to the first DC bus bar 41, and two second supply
converters 62 each electrically connected to the second DC bus bar 42. Each of the
first supply converters 61 and each of the second supply converters 62 is a bidi-
rectional DC to AC converter.

Each of the two multi-winding machine units 8 is an alternating cur-
rent rotating machine unit comprising a machine shaft, a rotor winding system
stationarily connected relative to the machine shaft, and a stator winding system
comprising a first stator winding and a second stator winding. The stator winding
system is adapted to interact magnetically with the rotor winding system. When a
multi-winding machine unit 8 operates as an electric motor, the stator winding
system interacts magnetically with the rotor winding system in order to rotate
the machine shaft relative to the stator winding system. Number of the multi-
winding machine units is not limited to two but a power distribution assembly
according to the present invention comprises at least one multi-winding machine
unit.

There is one first supply converter 61 and one second supply convert-
er 62 for each multi-winding machine unit 8. One first supply converter 61 is
adapted to supply power to the first stator winding of one multi-winding machine
unit 8, and the other first supply converter 61 is adapted to supply power to the
first stator winding of the other multi-winding machine unit 8. Similarly, one sec-
ond supply converter 62 is adapted to supply power to the second stator winding
of the one multi-winding machine unit 8, and the other second supply converter
62 is adapted to supply power to the second stator winding of the other multi-
winding machine unit 8.

In an embodiment, a multi-winding machine unit comprises a multi-
winding machine such that the machine shaft is a monolithic shaft, and the first
stator winding and the second stator winding at least partially overlap in a direc-
tion parallel to a rotation axis of the machine shaft.

In an alternative embodiment, a multi-winding machine unit compris-
es a first electric machine and a second electric machine such that the machine
shaft comprises shafts of the first electric machine and the second electric ma-
chine mechanically connected together, wherein the first stator winding is a sta-
tor winding of the first electric machine, and the second stator winding is a stator

winding of the second electric machine.



10

15

20

25

30

35

The power distribution assembly has a special operating state in
which the supply converter system 6 is adapted to supply power between the first
DC bus bar 41 and the second DC bus bar 42 through the multi-winding machine
units 8. It should be noted that such a power transmission does not form a galvan-
ic connection between the first DC bus bar 41 and the second DC bus bar 42.

The bus bar link system 9 electrically connects the first DC bus bar 41
and the second DC bus bar 42 to the AC bus bar 10. The bus bar link system 9
comprises a link converter 91 and a link transformer 92 for each of the first DC
bus bar 41 and the second DC bus bar 42. The link converter 91 is a DC to AC con-
verter. The first DC bus bar 41 is electrically connected to the AC bus bar 10
through one link converter 91 and one link transformer 92, and the second DC
bus bar 42 is electrically connected to the AC bus bar 10 through another link
converter 91 and another link transformer 92.

Each of the link converters 91 is a bidirectional converter adapted to
enable power transfer between the first DC bus bar 41 and the second DC bus bar
42. The AC bus bar 10 is adapted to be electrically connected to a load (not
shown) of the power distribution assembly other than the multi-winding machine
units 8.

In an alternative embodiment, the power distribution assembly com-
prises neither the bus bar link system nor the AC bus bar. In such an embodiment,
the only way to transfer power between different DC bus bars is through the at
least one multi-winding machine unit.

Figure 2 shows a power distribution assembly comprising a DC power
source system 2’, a direct current converter system 3’, a DC bus bar system 4’, a
supply converter system 6’, two multi-winding machine units 8’, a bus bar link
system 9’, and an AC bus bar 10’.

The DC power source system 2’ comprises a first DC power source 21’,
a second DC power source 22’, a third DC power source 23" and a fourth DC power
source 24’. Each of the DC power sources 21’ to 24’ comprises at least one fuel
cell. The at least one fuel cell of each of the DC power sources 21’ to 24’ is provid-
ed with the direct stack cooling system.

The DC bus bar system 4’ comprises a first DC bus bar 41’ electrically
connected to the first DC power source 21’, a second DC bus bar 42’ electrically
connected to the second DC power source 22’, a third DC bus bar 43’ electrically
connected to the third DC power source 23’, and a fourth DC bus bar 44’ electri-

cally connected to the fourth DC power source 24’. The DC bus bars 41’ to 44’ are
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permanently galvanically isolated from each other.

The direct current converter system 3’ comprises a first DC to DC con-
verter 31, a second DC to DC converter 32’, a third DC to DC converter 33’, and a
fourth DC to DC converter 34’. The first DC to DC converter 31’ is electrically con-
nected between the first DC power source 21’ and the first DC bus bar 41’, the
second DC to DC converter 32’ is electrically connected between the second DC
power source 22’ and the second DC bus bar 42’, the third DC to DC converter 33’
is electrically connected between the third DC power source 23’ and the third DC
bus bar 43’, and the fourth DC to DC converter 34’ is electrically connected be-
tween the fourth DC power source 24’ and the fourth DC bus bar 44’.

The supply converter system 6’ comprises a first supply converter 61’
electrically connected to the first DC bus bar 41’, a second supply converter 62’
electrically connected to the second DC bus bar 42’, a third supply converter 63’
electrically connected to the third DC bus bar 43’, and a fourth supply converter
64’ electrically connected to the fourth DC bus bar 44’. Each of the supply con-
verters 61’ to 64’ is a bidirectional DC to AC converter.

The two multi-winding machine units 8’ are identical to the two multi-
winding machine units 8 shown in Figure 1. There are two supply converters for
each multi-winding machine unit 8’. The first supply converter 61’ is adapted to
supply power to the first stator winding of one multi-winding machine unit 8’,
and the second supply converter 62’ is adapted to supply power to the second
stator winding of said one multi-winding machine unit 8’. The third supply con-
verter 63’ is adapted to supply power to the first stator winding of another multi-
winding machine unit 8’, and the fourth supply converter 64’ is adapted to supply
power to the second stator winding of said another multi-winding machine unit
8.

The bus bar link system 9’ electrically connects the first DC bus bar
47’, the second DC bus bar 42’, the third DC bus bar 43’ and the fourth DC bus bar
44’ to the AC bus bar 10’. The bus bar link system 9’ comprises a link converter
91’ and a link transformer 92’ for each of the first DC bus bar 41’ and the fourth
DC bus bar 44’. The first DC bus bar 41’ is electrically connected to the AC bus bar
10’ through one link converter 91’ and one link transformer 92’, and the fourth
DC bus bar 44’ is electrically connected to the AC bus bar 10’ through another link
converter 91’ and another link transformer 92".

Each of the link converters 91’ is a bidirectional converter. The AC bus

bar 10’ is adapted to be electrically connected to a load (not shown) of the power
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distribution assembly other than the multi-winding machine units 8'.

Further, the bus bar link system 9’ comprises a first transfer converter
911’, a second transfer converter 912’, and a three winding transformer 93’. The
first transfer converter 911’ is electrically connected between the second DC bus
bar 42’ and a primary winding of the three winding transformer 93’, the second
transfer converter 912’ is electrically connected between the third DC bus bar 43’
and a secondary winding of the three winding transformer 93’, and a tertiary
winding of the three winding transformer 93’ is electrically connected to the AC
bus bar 10'.

Each of the first transfer converter 911’ and the second transfer con-
verter 912’ is a bidirectional converter. The three winding transformer 93’ is
adapted for transferring power between the second DC bus bar 42’, the third DC
bus bar 43’ and the AC bus bar 10'.

In both the power distribution assembly of Figure 1 and the power dis-
tribution assembly of Figure 2, the DC power source system comprises a plurality
of fuel cells such that each of the plurality of DC bus bars is electrically connected
to at least one of the plurality of fuel cells. Total nominal power of the plurality of
fuel cells is greater than 2ZMW while nominal power of the at least one fuel cell
connected to any individual one of the plurality of DC bus bars is less than or
equal to 2ZMW.

In an embodiment, total nominal power of the plurality of fuel cells of
the DC power source system is greater than or equal to 3MW.

[t should be noted that different types of DC power sources affect dif-
ferently ground leakage capacitance of the power distribution assembly. In gen-
eral, fuel cells are much more significant than other types of DC power sources
like for example batteries or DC generators.

The power distribution assembly of Figure 1 comprises a battery 205
and a battery converter 305 for each of the DC bus bars 41 and 42. Each battery
205 is electrically connected to corresponding DC bus bar through a battery con-
verter 305.

The power distribution assembly of Figure 2 comprises a battery 205’
and a battery converter 305’ for each of the DC bus bars 41’ to 44’. Each battery
205’ is electrically connected to corresponding DC bus bar through a battery con-
verter 305’

Referring to the power distribution assemblies of Figures 1 and 2, the

division of the DC bus bar systems 4 and 4’ into a plurality of galvanically isolated
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cussed only limitations relating to power of fuel cells connected to any individual
one of the plurality of DC bus bars.

In some embodiments, a power distribution assembly according to
present invention comprises a fuse system and/or an AC circuit breaker system.

The fuse system is located electrically between the DC bus bar system
and the supply converter system, and is adapted to prevent a fault from
expanding from one DC bus bar to another via the multi-winding machine unit.
Referring to the power distribution assembly shown in Figure 1, the fuse system
could comprise a first fuse located electrically between the first DC bus bar 41 and
the first supply converter 61, and a second fuse located electrically between the
second DC bus bar 42 and the second supply converter 62.

The AC circuit breaker system is adapted to electrically disconnect the
DC bus bar system from the at least one multi-winding machine unit. Referring to
the power distribution assembly shown in Figure 1, the AC circuit breaker system
could comprise a first AC circuit breaker electrically located between the first
supply converter 61 and the first stator winding, and a second AC circuit breaker
electrically located between the second supply converter 62 and the second stator
winding.

In an embodiment, the at least one multi-winding machine unit com-
prises a propulsion motor of a vessel. In said embodiment, the power distribution
assembly is installed on board the vessel.

It will be obvious to a person skilled in the art that the inventive con-
cept can be implemented in various ways. The invention and its embodiments are
not limited to the examples described above but may vary within the scope of the

claims.
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CLAIMS

1. A power distribution assembly comprising:

a DC power source system (2) comprising a plurality of DC power
sources, wherein the plurality of DC power sources comprises a first DC power
source (21) and a second DC power source (22), wherein each of the first DC
power source (21) and the second DC power source (22) comprises at least one
fuel cell;

a DC bus bar system (4) comprising a plurality of DC bus bars, wherein
the plurality of DC bus bars comprises a first DC bus bar (41) electrically connect-
ed to the first DC power source (21), and a second DC bus bar (42) electrically
connected to the second DC power source (22), wherein the first DC bus bar (41)
and the second DC bus bar (42) are galvanically isolated from each other; and

a supply converter system (6) comprising a plurality of supply con-
verters, wherein each of the plurality of supply converters is a DC to AC converter,
and wherein the plurality of supply converters comprises a first supply converter
(61) electrically connected to the first DC bus bar (41), and a second supply con-
verter (62) electrically connected to the second DC bus bar (42),

characterized in that the power distribution assembly com-
prises at least one multi-winding machine unit (8) comprising a machine shaft, a
stator winding system and a rotor winding system such that the stator winding
system comprises a first stator winding and a second stator winding, the rotor
winding system is stationarily connected relative to the machine shaft, and the
stator winding system is adapted to interact magnetically with the rotor winding
system,

wherein the first stator winding is electrically connected to the first
supply converter (61), and the second stator winding is electrically connected to
the second supply converter (62).

2. The power distribution assembly according to claim 1, wherein the
power distribution assembly comprises a direct current converter system (3)
comprising a first DC to DC converter (31) and a second DC to DC converter (32),
wherein the first DC to DC converter (31) is electrically connected between the
first DC power source (21) and the first DC bus bar (41), and the second DC to DC
converter (32) is electrically connected between the second DC power source
(22) and the second DC bus bar (42), and both the first DC to DC converter (31)
and the second DC to DC converter (32) are galvanically non-isolating DC to DC
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converters.

3. The power distribution assembly according to claim 1 or 2, wherein
the first DC bus bar (41) and the second DC bus bar (42) are permanently electri-
cally isolated from each other.

4. The power distribution assembly according to claim 1, wherein the
at least one fuel cell of both the first DC power source (21) and the second DC
power source (22) is provided with a direct stack cooling system in which coolant
water is directly applied to fuel cell bipolar plates for efficient heat removal.

5. The power distribution assembly according to claim 1, wherein the
DC power source system (2) comprises a plurality of fuel cells such that each of
the plurality of DC bus bars is electrically connected to at least one of the plurality
of fuel cells, wherein total nominal power of the plurality of fuel cells is greater
than 2MW while nominal power of the at least one fuel cell connected to any indi-
vidual one of the plurality of DC bus bars is less than or equal to 2MW.

6. The power distribution assembly according to claim 5, wherein the
total nominal power of the plurality of fuel cells is greater than or equal to 3MW.

7. The power distribution assembly according to claim 1, wherein the
power distribution assembly has a special operating state in which the supply
converter system (6) is adapted to supply power between the first DC bus bar
(41) and the second DC bus bar (42) through the at least one multi-winding ma-
chine unit (8).

8. The power distribution assembly according to claim 1, wherein the
at least one multi-winding machine unit (8) comprises a multi-winding machine
such that the machine shaft is a monolithic shaft, and the first stator winding and
the second stator winding at least partially overlap in a direction parallel to a ro-
tation axis of the machine shaft.

9. The power distribution assembly according to claim 1, wherein the
at least one multi-winding machine unit (8) comprises a first electric machine and
a second electric machine such that the machine shaft comprises shafts of the first
electric machine and the second electric machine mechanically connected togeth-
er, wherein the first stator winding is a stator winding of the first electric ma-
chine, and the second stator winding is a stator winding of the second electric
machine.

10. The power distribution assembly according to claim 1, wherein the
power distribution assembly comprises

an AC bus bar (10); and
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a bus bar link system (9) electrically connecting at least two of the plu-
rality of DC bus bars to the AC bus bar (10).

11. The power distribution assembly according to claim 10, wherein
the bus bar link system (9) comprises a link converter (91) for each of said at
least two of the plurality of DC bus bars, wherein the link converter (91) is a DC to
AC converter.

12. The power distribution assembly according to claim 11, wherein
the bus bar link system (9) comprises a link transformer (92) for each of said at
least two of the plurality of DC bus bars, the link transformer (92) being connect-
ed in series with a corresponding link converter (91).

13. The power distribution assembly according to claim 10, wherein
the bus bar link system (9’) comprises a first transfer converter (911’), a second
transfer converter (912’), and a three winding transformer (93’), wherein the first
transfer converter (911’) is electrically connected between one of the plurality of
DC bus bars and a primary winding of the three winding transformer (93’), the
second transfer converter (912’) is electrically connected between another of the
plurality of DC bus bars and a secondary winding of the three winding transform-
er (93’), and a tertiary winding of the three winding transformer (93’) is electri-
cally connected to the AC bus bar (10°).



