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POWER FLOW METHOD/ AUTOTRANSFORMER-FED TRACTION POWER

SUPPLY SYSTEM

Power quality problems such as voltage unbalance in AC traction power
supply arises mostly when a traction system is fed from a weak power supply.
Therefore, a railway power conditioner (RPC) is one of the best solutions, which is
very necessary and more economical than building a new supply system. With the
high cost of the RPC, selection of a suitable rating of the RPC will significantly help
reduce its cost. Also, its computer simulation model is very essential for design and
operation. This thesis studies and proposes an approach to optimally size the RPC,
using Particle Swarm Optimisation (PSO) and the partial compensation principle. The
Genetic Algorithm optimisation (GA) is also adopted in the study case for
comparison. The mathematical models of traction equipment and the RPC are created
for an autotransformer (AT)-fed power supply system, using the current-based
Newton-Raphson power flow method. In addition, the incorporation of tap-changing
ATs into the system is investigated. The East Corridor line in Denver, Colorado,

USA, is adopted as a simulation case study.
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The proposed optimal RPC sizing procedure could effectively find the RPC
optimal sizes and the corresponding operation points in the case study, which adopted
the traction power supply system and train operation of the East Corridor Line in
Denver, Colorado, USA. The results show that the optimal RPC capacity in both V/V
and Scott transformer cases, compared to the full compensation capacity, could be
reduced by about 15 percent with targeted power factor of 0.95 and by up to 25
percent with targeted power factor of 0.90. Also, the voltage unbalance factor after
compensation was improved, i.e. not exceeding 2 percent. Therefore, the obtained
optimal sizes are a guideline for the selection of RPC’s installed capacity.

Additionally, the investigation of tap-changing ATs in a traction substation
reveals that the simultaneous tap change of all AT in traction feeders always caused
greater power loss. Even though the optimal tap change could minimise power loss
and voltage unbalance, and maximise power factor, the amounts were minimal. As a

result, the concept of AT tap change might not be worth investing.
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