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Theoretical Investigation of Train Operation Minimizing Energy Consumption
in DC Electric Railway with on board Energy Storage Device
Kunihiko Matsuda, Ko Hideyoshi, Masafumi Miyatake( Sophia University )

In recent years, it is possible to equip trains with energy storage devices because its energy and power
density become higher. The devices are for instance, a secondary battery and electric a double layer capacitor
(EDLC). Above all, the EDLC has advantages such as maintenance free, long lifetime, rapid charge/discharge and
high efficiency. Therefore, the EDLC is the most suitable to equip trains. The onboard EDLC enables us to
compensate voltage drop and prevent regenerative failure. We formulate the optimal control to find the
acceleration/deceleration and charge/discharge commands minimizing energy consumption as a mathematical
programming problem. We solve the problem by using sequential quadratic programming (SQP) method. In
consequence, the EDLC helps the train to increase acceleration/deceleration at high speed under the optimized
operation. Energy saving efficiency of the EDLC is estimated to be about 22.5%.
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