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Energy Re-cycling Tramcar Using a Rechargeable Lithium lon Battery
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Various methods have been studied recently to save energy consumption in electric railway system. In particular,
regenerative brake system has made a contribution to economize a great deal of energy consumption for about thirty
years, However, the regenerative brake system in electric railway vehicles has a lot of issues, like as regeneration
cancellation by wheel slide and trolley voltage condition, decrease of electric braking force in high speed range, and
restriction of regenerative power determined by impedance of power supply circuit.

In order to utilize and re-cycle braking energy and secure steady regenerative load, we selected lithium ion battery as
electric energy storage equipment, and developed a rechargeable lithium ion battery (600V system) for electric railway
vehicles. The developed battery has a superior performance as high energy and power density, high efficiency, 500A
charge-and-discharge current, long cycle life, and less loss and maintenance work.

In this report, we show an energy re-cycling trolley-less tramcar using the rechargeable lithium ion battery as on-board
energy storage equipment, and show results of the tramcar performance and the developed battery characteristics.
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Fig.2 Block Diagram of the Lithium lon Battery System

Table 2 Specifications of the Battery Tramcar
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Fig.3 Battery Tramcar
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Fig.4 Traction Circuit of the Tramcar
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Fig.5 Running Test Result(Power and Energy:50km/h)

ETRB ARSI BVWTEL L —F (ERELE T

—F&E&Te) DHEDITHLREOMEE — Ly /3y — 0T

RAEETEY, BET LT 4T3 ToTWRN,
HiBHE R I BIL T, B (160AR) 45 LCTHY,

M EIRE, s, BB, SRS OBEIREL T AL
‘le"fh
4. RBE&ER

AE], K —[E BRI ABEOHREBLIVVF U LAA
YOWRBMOREEEERL, MEEELL COEIRAREESL
FT A2, NI TEITRBREEM L, LT
I, WERAs RAER~5,
<41 BERBRN\A—2TOIRIILF—EIRE>

Fig.5 &, [ 50km/h ETOHTT| —E1T (2sec) | — 7L
—3 ([E4 I K) | O FEARRER 2 — 2 TOETRBUE R T,
Bat #%F COES, TINX—, SO A, R
— (MR R A ) 2R LTS,

e KENL, HITH 174.4kW, 7 L—F1F 176.6kW Lig-
TH9, Bat DERE S 300kW (2L THRIBIH S,

THRNAF— LT, IEICEL = X — (BT, M
RN —LF5) 0 3214.7k), 7L —% b OES) -
FNAF—(LLF, 7' —F Wl fih o 05 —) (18 % 49.9km/h
B C 2085.1kJ, [ = R/AX—{F 1535.8k] Th-o7= (FEEH
TRAF—IL 1679.1k)), - T, LRy —icBi)D
TR AL, e X — 2 LT 47.8%, 7 L—
XM = LK — 2 LTI 73.7%Th b, oIz
W, [ EIFRSO =R —EIL SR EFREBL TV,

E, MARBAY— L COETICLAKERERE (DOD:
Depth of Discharge) D8 gL, HITHF 2.62%, 7 L— ¥
1.18% ChoT=,
<42 BEBEMREETHE>

(0] B 38 L 7= Sp b X — 3] AR R 7 e B i T L LT
BAEPERL, BHEBEOETAY— 2SI EELE
RS H— LD L TR A R LT, SR O R
Gl LT, B B (SOC: State of Charge) 1HIEIE
100%: 23 kTR (LTS 683V) EL TS,

(1) RERETNNE—2

Bat RMSRIR
\\;{I\n\,ﬂ-"w‘-""""'""ﬂ""mﬂ-'

v} 2RsKy e Tuw] I8

0 300 600 900 1200 1500 1800 2100 2400 2760 3000 3300 3600 3900 4200 4500
B [sec)

Fig.6 Voltage-and-Current Characteristics of the Battery
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Fig.7 Temperature Characteristics of the Battery
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Fig.8 Regenerative Ratio, DOD, and Running Distance

Table 3 Results of the Running Test
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