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Abstract

A prototype energy storage system with lithium ion battery has been developed in ca. 1/6 scale as a power

compensator for DC railway. A numerical model was successfully proposed for a final design of the actual

system in which DC/DC converter is installed to be simply expressed by a current source. The battery mode

concerned with characteristics and life performance was also established by taking into account the state-of-

charge dependency of the battery voltage and its internal resistance. The proposed system was verified to be

effective for its practical application by the filed test result showing the good consistence with the simulated

calculation based on simplified electronic circuit diagram model of substation support equipment.
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Fig. 1 Schematic diagram for DC feeding system.
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Fig. 4 External appearance of substation support
equipment.
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Fig. 5 Charge and discharge cycle during stop-
ping-starting of electric train.
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Table 1 Specifications of lithium-ion battery for
substation support equipment.

Items Type

LIMBOH LIM3
Capacity / Ah 60 3
Nominal voltage / V 3.6 3.8

Operation voltage range / V/cell 2.75-4.15 2.75-41
Maximum charge current / A (rate) 600 (10 C) 3 (1 C)
Maximum discharge current / A (rate) 600 (10 C) 15 (5 C)
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Fig. 6 Effect of voltage fluctuation by intermittent
charge-discharge process on the state of charge for
LIMB0OH type lithium-ion battery.
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Fig. 7 Effect of voltage fluctuation by intermittently
repeated charge process on the state of charge for
LIMB0H type lithium-ion battery.
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Fig. 8 Second-quadrant chopper circuit diagram
for DC/DC converter.
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Table 2 Specifications of second-quadrant chop-
per circuit for DC/DC converter.

Iltems

Chopper circuit

Main electronic device IGBT
PWM frequency 700 Hz
Filter reactor (FL) 8 mH
Filter capacitor (PC) 20000 uF
Smoothing reactor (SL) 6 mH
Smoothing capacitor (SFC) 3500 uF
Battery

Serial connection number 182
Nominal voltage 650 V
Rated capacity 60 Ah
Maximum charge and discharge current + 600 A
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Fig. 9 Schematic diagram of charge and discharge
control for substation support equipment.
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Fig. 10 Representative field test result of power
compensator.
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Fig. 13 Simplified electronic circuit diagram for
simulation model of substation support equipment.
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Fig. 14 Comparison of measured and calculated
line voltage with prototype compensator (a) and
without one (b).
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Fig. 20 Dependence of internal resistance on tem-
perature for representative lithium-ion battery.
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Fig. 21 A new method concept for thermal man-
agement by heat evolved from battery.
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Fig. 22 A representative temperature change on
connection bar of battery during charge.
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Fig. 23 Representative temperature change after
600 A charge followed by spontaneous cooling con-
dition for battery and connection bar.
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Fig. 24 Schematic pattern of annual temperature
change in Wakasa region based on measured data
obtained in transformer.
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Fig.25 Various types of connection bar for test
samples.

Fig. 26 Air cooling fan with PWM control for the
test of connection Cu bar with fin.
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Fig. 27 V-1 characteristics of battery assembly
with 182 serial connections at different SOC for 30
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Fig. 28 Equivalent circuit for lithium-ion battery.
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Fig. 29 Appearance of prototype algorithm experi-
ment for measurement of internal resistance of bat-
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Fig. 30 Flowchart for measurement of internal
resistance of battery.
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Fig. 31 An output window of newly developed
monitor apparatus capable for detecting all the
status conditions of composed batteries.




GS Yuasa Technical Report

MOGFETH 5. PEOKEED S FENEIRE &
FTEEEL TS 22D TEL, TRIIKHEERER
R L, EBROBNEIEOZREOEREL» 5N
P HH L T B IREDSH T E 5 X 9 ICHCE L
72, ZEODIZ, PSEMEIHMTEEZ Fig. 33 12
RY. ZOREL, BE, k71— v PR (B
M AGER) IRRETH 5.

12 &8

PIAEER & L TR B HIZIRE S N5 FHHER TR D
AL FHUE N T FERCE O AR RE * PR (5
BEERCIRRE 2 Bt IS X DAERE (—R7 1 — )V Pk
B L7z 72, CoORBT— Y E2HHLTCY I 2L —
TarETIVEERL, #@YREER, 7IVETILO
VB E#Y 2=y NI OWTIIgE L7246 R, &

O T AWEY A5 s

L LRG| e
.@71@(7)%@4 WA INEESS P—
| HEE

- - +Rm | e
= o 9552 Q
=~ 300
8w
3
@ 100-3
3
o 0-

800-
= o 6538 v
—~ Mo
3 s
$ e00
O 50
= w

600
< 40 -18879 A
: 200-
S o
S
O -400

600 0

i Time
S =

Fig. 33 External appearance of field test for power
compensator.
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