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Abstract:

Due to the significant advantages of the electric railway network compared to the traditional
railway network, such as high efficiency, higher speed and acceleration, less noise and air
pollution, etc., attention to the electric railway networks is increasing day by day. In general,
these types of networks can be classified into two categories: AC and DC with different voltage
levels. AC electric railway networks have important problems compared to DC electric railway
networks, such as voltage drop due to conductor reactance and skin effect, etc. In addition,
reactive power and its control are important issues in AC electric railway networks, while this
power is naturally eliminated in DC electric railway networks. Accordingly, research and
development on DC electric railway networks has intensified in recent years. One of the most
important issues with DC electric railway networks is their voltage control. In AC electric
railway networks, voltage control depends on the reactive power and the voltage control
process is performed based on it. However, in DC electric railway networks, the reactive power
is zero and it is not possible to control the voltage by controlling the reactive power. On the
other hand, due to the zero frequency in these networks, there will be no need to control the
frequency. Accordingly, due to the close relationship between voltage and active power in DC
electric railway networks, voltage control is done by controlling the active power output. In
fact, in these networks, active power-voltage control is established. Choosing the right voltage
control method can improve voltage quality, reduce costs and increase reliability. In this thesis,
a new and significant method for voltage control of DC electric railway network is presented,
called the DC Optimal Power Sharing (DCOPS) method. Optimal power sharing between
traction substations, high reliability, robustness and modularity and scalability are prominent
features of the expressed method. Also, a method for calculating the power price of different
network nodes and a simple, fast, robust and with high computational efficiency load flow
method to be implemented on DC electric railway networks that are equipped with the DCOPS
method are presented. Examination of the simulation results on a medium voltage DC electric
railway network in different modes and scenarios shows the successful performance of the
DCOPS method.

Keywords: DC voltage control, Droop control, Optimal power sharing, Distributed generation
(DG), Traction power systems (TPS), Low-voltage and medium-voltage DC electric railway
systems, High-speed rail (HSR)
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