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Study on a control and a designing method of the power source specifications for fuel cells hybrid railway vehicles.
Kenji Takizawa®, Keiichiro Kondo, (Chiba University)

A hybrid railway traction system with fuel cells (FCs) and electro double layer capacitors (EDLCs) are discussed in this paper,
which can save FCs power and absorb the regenerative energy. A novel control method of the FCs power to save its output power
fluctuations. A designing method of the FC power and EDLCs capacitance for a hybrid railway vehicle is also presented under a
train load profile. The designing results with the proposed control method are verified by numerical simulations of the train

running as a local train and an express train.
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Fig. 1. Vehicle traction performance (per a traction motor).
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Fig. 2. Traction circuit diagram of the FC and the EDLC
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Fig. 3. A feedback control rule of EDLC voltage.
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Table. 1. Designing results of the FC Min.power.

Kinetic Mech. Min.
Max. Ene Regenerative Brake Running FC
Speed Ergy, Energy, £y Loss, time, 7} power
[km/h] [k\;h] [kWh] Ev [see] Py
[kWh] [kW]
70 2.36 1.87 0.49 77 23.1
80 3.09 2.24 0.85 92 333
90 3.91 2.37 1.54 108 51.0
100 4,82 249 2.33 128 65.6
110 5.84 2.59 3.24 151 77.1
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Table. 2. Designing results of the FC Max.power.
Max. ; Powcr‘ ol Max. FC
Speed {iunnlng[N] runnlngP power
resistance resistance, Py
(km/h] kW] P; kW)
70 2835 g5l 78.2
80 3355 74.6 107.9
90 3930 98.3 149.2
100 4560 126.7 192.3
110 5246 160.3 2374
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Table. 3. Designing results of the EDLC capacitance. ~ 0
Max. Kinetic Time for Min.FC | Capacitance
Speed Energy acceleration | power | of EDLCs Ti
(kmm] | E(kWh] | Tfsec] | Pi[kw] ] insfs] |
- — - oy 50 (a) Running curve(local).
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(b) FCs power.
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Fig. 5. Simulation results of the local train.
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(a) EDLCs voltage and its reference.
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Fig. 6. Simulation results of the express train.

#4 FAETICHT S FC ORISR
Table. 4. Evaluation of the I'C availability.

FCoutput | Running | . € | Availability
Conditions energy Time | 2Yerage of FC
[KWh] [sec] 'E‘gt“vcjf (%]
Local 14.65 1162 454 56.8
Express 13.84 863 57.7 722
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Table. 5. Evaluation of the EDLC availability

Min. EDLC Availability of EDLC
Conditions voltage energy
V] [%]
Local 199 89.0
Express 213 87.4
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