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ABSTRACT: To achieve the collection and long-distance
transmission of large-scale onshore renewable energy sources
such as wind power, this paper proposed a hybrid cascaded DC
transmission system suitable for the hierarchical access of
multiple wind power bases with different scales. Firstly, the
topology and operating characteristics of the hierarchical
access-hybrid cascade transmission system were introduced.
The system was designed with a double-layer structure, which
could realize the access of wind farms of different scales. The
high-voltage valve adopted the line commutated converter, and
modular multilevel converters were connected in parallel as the
low-voltage valves. Then, the mathematical model of the
system was built, and the coordinated control strategy was
designed accordingly. To respond to the wind farm output
fluctuations, the adaptive P-V droop control was designed to
ensure the stable operation of the system. Finally, a simulation
model of the hierarchical access-hybrid cascade transmission
system was built in PSCAD/EMTDC to verify the effectiveness
of control strategies. The research results show that the system
could be an alternative for long-distance transmission of

large-scale wind power.
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Wind power has become a mainstream source of
clean, cost-competitive energy around the world in the
last decades. In 2019, 60.4GW wind energy capacity has
been installed globally.

To achieve the collection and long-distance
transmission of large-scale onshore renewable energy
sources such as wind power, this paper proposed a
hybrid cascaded DC transmission system suitable for the
hierarchical access of multiple wind power bases with
different scales.

The topology of the hierarchical access-hybrid
cascade transmission system is shown in Fig. 1. The
rectifier of the HVDC system consists of one LCC and
two MMCs. The LCC serves as the upper valve and it is
paralleled with MMCI1 at the AC side. Two MMCs are
paralleled at the DC side. By means of this cascaded
converter scheme, the AC voltage of winds farms at the
point of common coupling (PCC) are maintained by the
MMCs. To avoid commutation failure problems, the
receiving end of the hybrid HVDC system adopts the

1110kV/
1330k

Wind farm 1

Fig. 1
MMC technology.

The large wind farms are connected with the LCC
and one MMC valve, and the small wind farm are
directly connected with MMC2, and thus providing a
cost-effective solution for integrating different scales of
wind farms. Despite this, the hierarchical integration
scheme will benefit from flexible operation and high
efficiency.

In response to the wind farm output fluctuations,
the adaptive P-V droop control is designed to ensure
the stable operation of the system, as shown in Fig. 2.
The upper, lower and additional control loops represent
the three control stages.

A simulation model of the hierarchical hybrid

|
RSC(Rotor-side|
converter) |
GSC(Grid-side !
converter)

k(g/llOk

690V/ g
10kV 10

S5

P i

I Uiep]
O

Fig. 2 Adaptive P-V droop control loop

cascaded HVDC transmission system is built in
PSCAD/EMTDC to verify the effectiveness. The
research results show that the hierarchical integration
HVDC system has a potential application prospect in
the long-distance transmission of large-scale wind

power.



