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Abstract

Regenerative brake of railway electric vehicles is effective when the other powering ones, in other words electri-
cal load, exist near the regenerating train on the same electrified line. So, early in the mornings and in the late
nights, or in the low density district lines, regeneration cancellation phenomenon often occurs and the regenera-
tive brake force cannot be operated in accordance with the commanded value. Newly appeared high performance
energy storage devices press the issues of energy storing and re-use technologies for on-ground and on-vehicles.
Hybrid energy source is one effective solution. In this paper, the effectiveness use of regenerating braking and
the expected electricity storage technology in the future for further energy conservation in the electric railway

vehicles  field will be outlined, with actual examples.
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F*1 EEHEAOEBEEERANOEEFARKA (2011 £5 AE%A)
Table 1 Features of onboard energy storage devices and their application status to passenger rail-EVs instal-
lation (as of May 2011).
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Fig. 8 Contact-wire/battery hybrid LRV ‘Hi-tram’ .
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O BIERER Th 2. EHNOBHPEFEED
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HENHE A B OWFIZ 7 5 e W iE WIBERE 2 4 L T
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Fig. 9 Various quick charging equipments of contact type.
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F2 Ny7)—#EHE LRV [Hi-tram] FEET
Table 2 Specifications of contact-wire/battery hybrid low floor LRV (Type LHO2) ‘Hi-tram’ .

1BH SOERAI (LHO2 #2) #B{EFR LRV - T
EE 442 (EE20%  ifWEBHERED)
THEEE 2741t
T HiK 12,900 mm (L) X 2,230 mm (W) X 3,800 mm (H)
KRS 350 mm (EFESFAES &)
ERAR DC 1500 V / DC 600 V / E&ZEEt DC 600 V
EEMAE BEEEEE 40 km/h (B8R - IREGEEE)
BReEEE 80 km/h ($581R, #El - EAE)
DR : 1.0 m/s%(3.6 km/h/s) (RE 40 km/h % T)
BORE - #H 1.3 m/s? (4.6 km/h/s)
JEH 1.4 m/s® (5.0 km/h/s)
&% 1.4 m/s® (5.0 km/h/s)
TEEH RUHCR)FULIREM
(Z|BFE DC 605 V, B& 120 Ah)
HlEEE IGBT-VVVF 1 >/S—% 1C2M (150 kVA) x 2 B

IGBT- e EHIEHF 2 v /¥ (600 kW) X 2 B

BE (73t 5.14)

JMNERTIEA LT RII 2 PRILEZZBE
- #f5 1,067 mm . HHFR 660 mm (—{kEmEHd)

JL—*%AR EEEEHARERESRER /L —F
FEEE ZHFEEHE G0KW X 4 &
B EREE BIEF A > N— 2 B
- B8 100 V (3 kVA), - =48 200 V (28 kVA)
- DC 100 V (2 kW), - DC 24 V (6 kW)
ETRE NZ ERERITERS TV — L

5. ZPhERE) O 720 # EE 40 km/h 2> 5[4 7 L —F

ARAEICHIE SN L. ARFRIOIREIH 1 >N — 5 L itk

DA TORFAELATHET, BT AV F—[E)
BoNDL. FoEEMRICF AN TR EHE 80 km/h
TOETHTHETH 5.

Ny F) — X ERERO 20 5 TORMEEG
MHRETELY YT VR)F LAy ZRER (GS
27 B LIM30H) T, BN O AT > MBS
BEMICEY 22— VEREL, KD 2RBEFIEIC
FLiE L7z, 5E#% 605 V-120 Ah (72 kWh), &R
EWRRFEORHE L AT LD ETHEOTH2 b OE=E
THY, EHERD 73% 12 F -7 (Fig 10).

Ny T ) =R & b ) VEREIR TR & AR
T&% %9, ayN—7TLERLERME 1,000 A 12
WL T A, EHE 1,500 V & 600 V OREEEZHEIC
XIG L, EH600 VX 71 —EDnA 7 v Kl
MOF D, BHDO VI TII Ny 7)) —BHE LTE
fIT&5%.

FEEE, B 1,500 V & 600 VO BETE 4RI
RIGEL, BEH 600 VX 7)) — L DOBEENA T v
R A S 2 N=% - £ 2 )N=% 2 AT & (Fig
11) TH 5.

a2 N— FIIZEEAF 3 v X Convl &Ny T —
il 2 v /X Conv2 2 H Y, B EEIE 1L 750 V

A »3x—% (SIV : Static InVerter) (ZEEXTIET
H5.

TIATRERC A (20, 2SR FE T & 72 13 A i nl B R
DSHTEMNE L 7B TNy 71) — L DX T — s
PGS NG, BN I v ¥ OFET, ML E=s
TLEME MWLM TR T 2R ELTRETSH 5.
72, N T —BESHEHFEREZ S LNy T
) — T 100 A BRI X BT EE B I Vv, Ny
7T —REOHBREEBI ). INEWELEL
FRLTW5, SUETTER D & 5 RS 55 T lddin
BOSBLERY v E2MWT LT, Ny T ) —A£EE
it 1,000 A 12 & B 5 F i BT RRTH 5.

8 SERBLEFERET

RIS AN TR E 3 m ORIMELH T T
DLRV~IN Y 75 7% 0 L C, 2lTEEBEBI %o
7z,

AR OERY CORBEBRE L 72Ny 7)) —&
it 1,000 A T 60 o FETIE, ZEfHEHAARTH
BERS 4 km AHY OEFT ANV F -2 FLETE /2. T2,
PR UBR & 145k L 728 iR 500 A-3 7 O FEE T, I
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RT 2 MEBADIN Y T —#EE (B HEE)

10 UFILAF Ny T ) —DESH
Fig. 10 Onboard installation of lithium-ion battery.
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600V — r X3
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BRI A
u NyFU—F— KTl
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1500 V O O X X ®MEgans
NyF)— O O O O
600 V X X O O
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Fig. 11

B 6 km A4 T OFEEATRETH - 72 (Fig. 12).
2007 4 11 H 25 2008 4 3 H  CTALIR T 28 5 il
WL CRIIEREREST 2 920, Fril 84 km DFEM % i

Traction circuit of contact-wire/battery hybrid LRV ‘Hi-tram’ .

RS 40 km/h DB Y A ¥ CHADEFT £ 8 Y L
fo. N9 ) — SRR b OBy 7 1) —
FEATCITHIME 258 km %R L 72 (Fig. 13). 4% -
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NYBT5TERLT, Wy
EEHBLRVD/N Y 7 1) — % " —==xJ
RRERE - — B
= e =)]
BlA 22 ; Syl o
(3mE + 1500 V) *“Tgﬂg%.lhﬁh$
Ny T — Ny 7 —imFTD 1 2RBEHYD 1 2RBELHYD
FEERE FTEIxILF— %ﬁﬁﬁ %ﬁﬁ%
gl isdi (A LOBE) (AR A B
1000 A X61% 35.6 MJ 7.9 km 18 4.0 km Bl E
(BRED13.7%)
500 A X 3716 56.9 MJ 12.7 km 184 6.4 km LI E
(BEN21.9%)
X 12 RFEZED 50 600 kW 20RFE
Fig. 12 Quick charging from rigid contact wire.
120 @A 20075128 12H 690
%HM) e 1507y FRE 1660

N T ) =N A T ) NETTIE, HEfYy 7 =28
ozl L7ZRRIC A~ 10% 0 EOHE T Fov ¥ —
B A & 7z

F 72,2009 4E 10 ~ 11 A2 T JR MEF# (%
EEE~Y ) 114 km B L OEMSES ER~E BN
93 km) THETZEM L7z T TR EHE 80
km/h @ 1 FSEEATHHEIL K585 T 491 km, 217
HEHET 507 km % Fesk L7z (Fig 14, 15).

%3, [Hi-tram| OFEETHOLEIL 15 kWh
DIANVF— Ny 7)) —FmOH 20%) % 357 H
THE (FE/ST7—#300 kW) L, 75 km %
MARECETTLILEZHEL TS

9 ZEHELZABEFHRICEIT /Ny T — Mg

9.1 ZYRAX L HEALMED X MES OEINEE
BEARBIE LT, BHE 7 km OB H LRT B % 242
MR L TR L AT A TEM T 20w a2 b
oy, BRI A MRS S, METERL A HANH
F e bhmdtE L7262 28 h3 5.
FifEe LT, BE&E309 F>® LRV 27380 m (EW
PETHBLE O VIR EE) L ICKE S SR Y
B L 22558 T L, HHEFEEACIE L MERLT

FHAOPORETLELZ B v, Rl Toffk L
el 55, 1 HOZEITReM 18 efd, /v 7)) —Fdn 8

LD I TohNy T —BEHRL2GEE

EYd 5 (Fig 16).
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B13 /Ny 7 U —1FREET FLRHIERBHARR)
Fig. 13 Run with batteries after a full charging.
(Obtained distance of 25.8 km at Sapporo city line)
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Fig. 14 Run with batteries after a spell of charging (Obtained distance of 49.1 km at JR Yosan line).
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Fig. 15 Running distance after one spell of charging.
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KimFeERN BT E KimFe BN (45) BSERER
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- O
| d.c.600 V
// or 1500 V // \
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16 ZFAXEFFEL XIARXDIX MEBEH

Fig. 16 Condition for comparison with ‘catenary system’ and ‘catenary-free system’.
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Fig. 17 Initial-added-cost payback time.
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