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ABSTRACT: With the development of long-distance and
large-capacity offshore wind power, voltage source converter
based high voltage direct current transmission (VSC-HVDC)
has become an inevitable choice. However, the huge
conversion platform in the prevailing centralized conversion
solution results in great difficulties in transportation and
construction. In this study, a novel VSC-HVDC solution for
integrating offshore wind farms wusing series-connected
distributed converters and medium-frequency AC accumulation
was proposed. Within this architecture, each distributed
modular multilevel converter (MMC) was installed on the
existing distributed AC substation, thereby avoiding the
construction of a centralized converter platform. The
distributed MMCs could be designed with relatively low rated
voltage because a series DC network was adopted. The cost,
size, and loss of different MMCs were analyzed and compared
in detail. Analysis results show that the size and cost of
distributed MMC can be greatly reduced on the basis of the
novel medium-frequency unidirectional-current H-bridge
MMC, which makes the installation of the proposed MMC on
the offshore AC substation feasible. The control schemes for
the HVDC system based on series-connected distributed
MMCs were also proposed. Simulation results verify the

feasibility of the proposed scheme and control strategy.
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Fig. 1 Existing centralized conversion architecture for

offshore wind power
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conversion architecture for offshore wind power
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Fig. 11 Simulation results of start-up of the system
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With the and

large-capacity offshore wind power, the voltage source

development of long-distance
converter based high voltage direct current transmission
(VSC-HVDC) has become an inevitable choice. In the
prevailing centralized conversion solution, the ac power is
collected and converted on a centralized conversion
platform. However, the huge conversion platform in the
prevailing centralized conversion solution results in great
difficulties in transportation and construction.

This paper proposed a medium-frequency distributed

architecture for offshore wind power, as shown in Fig. 1.

Substation 1

............

Onshore
HVDC

"i AC grid
........... | Substation 3 | cables
Cluster 3 | i
' v v
X \“\ P
Medium- DC Power-
frequency AC frequency AC

Fig.1 Proposed medium-frequency distributed conversion

architecture for offshore wind power

The centralized modular multilevel converter (MMC)
is divided into several low-capacity MMCs which are
distributed in the substations. As the substations inherently
exist in the real projects, this alleviates the construction of
the large centralized platform but does not increase the
construction cost. The offshore ac frequency is also
increased to further reduce the volume of MMC. The
distributed MMCs are connected on series in their DC
sides, hence, they can be designed with reduced voltages,
compared with the parallel architecture, where each
distributed MMC has same rated dc voltage as the HVDC
system.

MMC based on half-bridge submodule (HBSM),

S6

full-bridge submodule (FBSM), unidirectional current
H-bridge submodule (UCH-SM) and the hybrid topology
of the combination of FB and HBSM (HYB) are four
common SM topologies. Define the volume and cost of an
HB-MMC operating in 50Hz as 1.0pu, different MMCs
based on these four SM topologies are normalized and
compared to evaluate the cost and the volume in Fig. 2.
With the frequency increasing, all of the four MMCs have
decreased cost and volume. The UCH-MMC has the
lowest cost and volume. The cost and volume of medium

frequency can be reduced to 0.66 pu and 0.42 pu.

\ 4
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Volume/pu
=

o
%
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(b) Volume comparison of MMCs

Fig.2 Curves of volume and cost of various MMC topologies

varying with AC frequency



