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Fig. 1. KiHa E200 hybrid diesel train

Auxiliary
@ power supply
ee

[ Gene- \ AC/DC DC/AC finduction
rater / Converter _ Inverter \ Motor
| ] S |

300kW 230kW 95kW x 2
Li-ion Battery

Wheel

270kW (SOC 20-60%)

Fig. 2. Circuit configuration for traction svstem of KiHa E200 0
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Fig. 3. HD300 hybrid shunting locomotive

Table 1. Specifications of HD300 [8]

HL E 60t
HR R 14300mm
OGP # 20tf
He R H ) 500kW
IR | 45km/h (JA125HF 110km/h)
V)| 270HPx1
FEMMERE 67.4kWh-750V (26S-3P)
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BRI GEEBLIX R 20km) CTHEEIGEH SN TWAS

Fig. 4. EV-E301 battery and catenary hybrid electric train [9]

Catenary Line
Pantograph
:'"“""""'"""""'"“"""'“"'““'. Pantograph2
1 ——
LA ™ 1 500V
1 [ |Traction | _VWF Lippin DC-DC | | e
! l\\ /) motor inverter lconvertar :
1 ! :
1 i \
I If \Traction | i
i\ / motor i :
1. ] ‘ Starmge betiery ‘ Groupt !| car1
g i it s
- Auxiliary power unit Car 2

T T MmN
[ : Starage battery '
b \I,Traction \ LQ i
i L) motor | :
i = 1
i - ) 1
i ‘\Traction \ VWF DCG30V | DC-DC m'
1\ ) motor | inverter |convener '
. - Group2 l

1

Fig. 5. Circuit configuration for traction system of EV-E301 [9]
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Fig. 6. EDLC and catenary hybrid LRT by RNV

«MITRAC Energy Saver »

Fig. 7. Electric Double Layer Capacitor ( EDLC ) module 89[10]
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Table 2. Specifications of an assumed train

Weight per car 40t/car

Number of cars 4cars

Starting Acceleration 2.5km/h/s
Deceleration 3.0km/h/s

Auxiliary Power per car 30kW/car
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Fig. 17. Trajectory by ideal conversion of stored energy of EDLC and kinetic energy of train

Table 3. Specifications of EDLC module

Maximum Voltage of EDLC module VCmax 1200V
Minimum Voltage of EDLC module VCmin 600V
Capacity of EDLC module CESD 150F
Resistance of EDLC module RESD 10mQ
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Fig. 22. Block diagram of a frequency based power controller for energy storage device of hybrid traction system
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Fig. 24. Approximated voltage waveform of the EDLC and its equation
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Fig. 25. Obtained voltage-energy characteristics of the EDLC by proposed method and its

equation
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Fig. 26. Experimental setup of a small-scale Hybrid traction system
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Table 4. Specifications of the experimental setup

Inductance of filter inductor 200 mH
Capacitance of filter capacitor (total of DC bus) 1.9 mF
Voltage of DC bus 280V
Rated power of motor 1 kW
Moment of inertia of mechanical load 0.75 kgm?2
Absolute maximum speed of motor 2000 rpm
Absolute maximum voltage of EDLC 160 V
Nominal capacitance of EDLC (at 140 V) 2.8F
Inductance of inductor for EDLC chopper 20 mH
Resistance of load for brake chopper 330
Inductance of inductor for brake chopper 20 mH
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Fig. 27. Experimental results of effects of applying the loss observer and changing of the time constants

of the controller
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Table 5 Comparison of peak reduction effect and energy keeping effect of each experimental

result
(a) (b) (©) (d
Disturbance observer without without with with
Time constants (TP and TE) [s] 100 300 100 300
Peak Input Power [W] 373 (100%) 276 (74%) 375 (101%) | 270 (72%)
Maximum Energy Error [kJ] 7.4 (100%) 8.8 (119%) 6.8 (92%) 7.1 (96%)
10
= b
=2 9 ( I)G L
B 8 [ ™ o <3 (a)
- 2
£ 7 X =
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Fig. 28. Relationship between peak reduction effect and energy keeping effect of each

experimental result
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Fig. 30. Block diagram of torque current ripple phase lock type phase modulation beat-less control
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Fig. 32. Bode diagram of integral-latch filter by linearization (7ja=5ms)
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Table 6. Specifications of an assumed traction system

Line voltage VaC =20kV
Line frequency =50Hz
DC link voltage VdC 2800V
DC link capacitor C4c= 5.0 mF ( per Motor )
Rated power of motor Prn=1200 kW
Rated frequency of motor F1=45Hz
Primary inductance of motor Li=31.6 mH
Primary resistance of motor R1=52mQ
Secondary inductance of motor L,=31.5mH
Secondary resistance of motor R>=35mQ
Mutual inductance of motor M=30.8 mH
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