Technical Report

Hw X

o o= B M

e

i

Yukitaka Seyama

Kenji Okazaki

JF) LA A E
EBHAENTE Y AT LOEF

Development of New Energy Storage System with
Lithium-lon Batteries for Electric Railways

L

Naochika Higashi

EMEEAL

[N A (O

Toshiro Sakuno

Abstract

A new energy storage system with lithium-ion batteries for electric railways has been developed in cooperation

with Toyo Electric Mfg. Co., Ltd. A feature of this system is the first adoption of lithium-ion batteries with high

power input-output performance as a functional device capable of storage of regenerated energy produced by

deceleration of electric train and supply of it to the train starting or accelerating, which is effective to suppress

the line voltage going up and down and to save energy. The high input-output performance of this system will

be verified by the continued field test in the commercial line of West Japan Railway Company Ltd.
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Fig. 1

An application of energy storage system for electric railways with lithium-ion batteries.
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Table 1 Specifications of an energy storage equipment.

Energy storage equipment

Specifications

Operation mode

Regeneration storage
Voltage compensation

Maximum rating of system Regeneration storage

Voltage compensation

390 kW / 30 sec.
350 kW / 30 sec.

Interactive DC/DC converter Voltage / V (DC) Overhead wires 900 - 1850
Battery 500 - 780
Current / A (DC) Overhead wires 270
Battery 570
Lithium ion battery (LIM60H-182) Nominal capacity / Ah 60
Nominal voltage / V 655
Number of total cells 182 - series

Module composition
Charge performance
Discharge performance

7cell module X 26 pieces
10 /tA (600 A) X 30 sec.
10 /tA (600 A) X 30 sec.

DC 1500 V overhed wires |

Interactive DC/DC converter
Lithium-ion batteries

Fig. 2 External appearance of installation for en-
ergy storage system.

Electric power regenaration
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.

(Battery charge)
570 A or less 1850 V
Stopping the
1100 V Stopping of % system
system
1500 V: Standard voltage

Voltage of 1100V/ 1200 V 1300 V 1400 V 1500 V 1600 V 1800V Q1900 V
overhead I I l I I l >
wires / 1700 V

300 A or less

Electric power discharge
(Battery discharge)

System standby range

* Acceptable adjustment

Fig. 3 Example of operation characteristic for energy storage system: regeneration absorption priority mode.
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Table 2 Protection—-synchronization of battery control part for new energy storage system.

Watching items Judgement items

Main machine operation for
converter-equipment

Prealarm
Charge switch
Prohibition of use

Voltade drop of single cells
Voltage rise of single cells

Emergency stop Mechanical sensor

Overcharge and overdischarge of single cells

Standby for operation
Standby for operation
Operation stop
(Breaker opening)
Operation stop
(Breaker opening)

Table 3 Specifications of LIM60H type lithium-ion
cell.

Specifications

Nominal capacity / Ah 60
Nominal voltage /V 3.6
Dimensions / mm Width 170
Thickness 92
Height 115"
Mass / kg 4
Maximum current /A Charge 6002
Discharge 600?

1) Except terminal bolts
2) Under 30 second
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Fig. 4 Operation characteristics of battery current

(a) and overhead wires voltage (b) for the energy
storage system under the field test.
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Fig. 5 10 /tA (600 A) charge performance of
LIMB0OH type lithium-ion cell at 25 C.
Charge: 10 /tA (600 A) to 4.2 V for total 5 h at 25 C.
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Fig. 6 10 /tA (600 A) discharge performance of

LIMBOH lithium=-ion cell at 25 C.
Charge: 1 /tA (60 A) to 4.2 V for total 5 h at 25°C.
Discharge: 10 /tA (600 A) to 2.75 V at 25 C.
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Fig. 7 Charge and discharge performance of
LIMBOH-49 lithium-ion battery at room tempera-
ture.

Charge: 10 /tA (600 A) for 30 sec.

Rest: 30 sec.

Discharge: 5 /tA (300 A) for 60 sec.

Rest: 180 sec.
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Fig. 8 Charcteristics of the open circuit voltage for
LIMB0OH type lithium—-ion cell with the state of charge
at 25 C.
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