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A Study on Energy Optimization Strategy using ECMS

For Hybrid Train
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Abstract

In hybrid train it is essential for new technologies to improve energy efficiency such as power distribution between energy sources,
SOC(State Of Charge) management, unlike general electric trains driven by single power through catenary lines. This paper suggests
an energy management strategy for energy consumption optimization of train. A new energy optimization strategy for hydrogen
electric train based on ECMS(Equivalent Consumption Management Strategy) is described using PMP(Pontryagin's Minimum
Principle). The EF(Equivalent Factor) that determines the power distribution between HFC(Hydrogen Fuel Cell) and battery system is
changed according to the battery SOC through PI(Proportional-Integral) control. The proposed algorithm is implemented using
Matlab/Simulink and verified through co-simulation with Amesim, which includes a vehicle model.
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Fig. 1 Propulsion system of hydrogen electric train
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Table 1 Specification of hydrogen electric train
Components Spec. Unit
Full Weight 130 tonne
Vehicle Max Acceleration 2.99 km/h/s
Max Deceleration 3.49 km/h/s
Hydrogen Type PEMFC -
Fuel Cell Max power 400 kW
Traction Max Traction Force 6,080 kN
system Max Power 1,280 kW
Capacity 380 kWh
Battery .
Nominal voltage 1,555 A%
System
Max power 2,000 kW
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Fig. 2 Internal resistance model of battery system
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Fig. 3 Characteristic curve of hydrogen fuel cell
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Table 2 Condition for simulation

Components Unit Specification
Initial SOC % 55
Target SOC % 65
Max speed km/h 120
Total driving distance km 240
SIV Load kW 100
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Fig. 7 Speed profile for simulation
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Fig. 8 Flow chart of rule-based algorithm for EMS
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Table 3 Summary of simulation results

Components Unit Rule—l.aase Propésed
Algorithm Algorithm
Final SOC % 65.35 65.22
CZir;if;n kg 36.56 3191
Driving distance
per hydrogen lkg km/kg 636 732
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