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 In this dissertation, we developed the configuration of HVDC systems with SMES in DC link to
compensate power fluctuation caused by renewable power source. In addition, power stabilization control
for AC grid is proposed. PWM-based VSC-HVDC systems show many advantages compared to the thyristor
based CSC-HVDC system. One prominent feature is that the VSC-HVDC system has the potential to be
connected to weak ac systems where the CSC-HVDC system has difficulties. The author also proposed a




—OPh—

novel control method by virtual synchronous generator (VSG) for stabilization of weak ac system. VSC
using VSG control behaves like a synchronous machine. The aim of this development is to realize power
system stabilization in the case of power fluctuations caused by distributed generators and to maintain a
secure power grid operation of weak ac systems. The outcomes of this study are summarized as follows:

(1) To stabilize power flow in one terminal of HVDC systems which are interconnected to renewable
energy sources in another terminal of HVDC link, ihcotporating SMES into DC link is very
effective. The advantage of connecting SMES in DC link is that the independent power
stabilization on both terminals of HVDC link can be accomplished by the common SMES.

(2) The proposed control system for SMES is effective in power flow stabilization of both CSC-HVDC
with series-connection and VSC-HVDC with shunt-connection. However, shunt-connection type
leads the reduction of the cost of interfaces for power conversion. Moreover, shunt-connection type
helps the system for reliability because the system can be divided into two sides independently and
there is no affected manner in other side converter station. On the other hand, dc link capacitor
voltage is at fixed value of high voltage dc line voltage in shunt-connection type. Therefore, the
withstand voltage in design of SMES coil has to take into account in shunt-connection of dc¢ link
while the dc link capacitor voltage can be set at freely in series-connection type.

(3) In order to fully utilize the potential of VSC-HVDC for a weak ac system, a novel control virtual
synchronous generator (VSG) method for grid power stabilization is proposed. Conventional speed
deviation method is also applied to verify the advantage of proposed new VSG method. Although
both VSG and speed deviation control can stabilize grid power to avoid the influence of disturbance,
VSG control is superior to the conventional speed deviation control because VSG can keep grid
frequency to its nominal value without speed information from a generator. Moreover, VSG has
virtual inertia which can enhance the system frequency in restoring to its nominal value.
Therefore VSG can contribute to enhance the natural inertia response of the system.

This study can be continued in power system stabilization for both terminal grids of HVDC links by

applying virtual synchronous motor (VSM) control in one converter station while applying virtual

synchronous generator (VSG) control in another converter station.

The proposed system configuration of HVDC system with SMES connection in DC link has not existed
in commercial operation. However, with the integration of renewable energy to the existing electrical grid
and interconnecting power systems, this proposed configuration and control method will be utilized in

power system utility in near future.
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