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Studies for Light Rail Vehicles Fed by the Electric Double Layer Capacitors without Contact Wires

HOSONO Toshiki, IWAMOTO Yousuke, TAKAHARA Eimei (Meisei University)
YAMADA Jun (Power Systems Co., Ltd.)

This paper describes basic studies for the light rail vehicles without contact wire, fed by on board electric
double layer capacitors (EDLC). The EDLC is going to be applied because of its large capacitance and long lifetime,
and it is suitable for the every-station charge light rail vehicle system. Vehicle running simulations of 600V D.C.
system for typical routes considering the vehicle mass, auxiliary power supply energy and up gradient show energy
consumption of the charged EDLC system, and future possibilities are also suggested.
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Table 1 Light rail vehicles without contact wires.
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Fig.2. Traction circuit.
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Fig.1. Tractive and braking force for a traction motor.
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Fig.3. Running simulation between 2 stations. (mw = 20000 (kg), Pue = 25 (kW), d;= 0.5 (km), C; = 50 (F), g, = 0 (%0))
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Table 2 Minimum DC voltage V,y,;, by station distance d; = 2 (km).

i Bh IR 1 e B

15 20 25
P acx (kW)
7 WA _EHEX X S/ BRC\F)|BE_EBEF v VY ERC,(H|BE_EBX ¥+ /2 ER C (P
mw (kg) 10 | 1520 (30 | 4 [ 50 | 10| 15|20 | 30 [ 40| 50 | 10| 15| 20 | 30 | 40 | 50
15000 0 | 0 [164 |371 | 440 |476 | 0 | 0 | 164 [371 | 440 [476 | 0 | 0 | 0 [218 [ 354 | 415
20000 0 | 0o | o [346]424[a6s] 0o [ o] o [279]385[a37] 0o [ 0o [ 0o [190 |342]407
25000 0 | 0o [ o [310]403[4990] 0 [0 | o0 [237]363422] 0 [ 0 | 0 [126 31939
- ) - ERRIPEEE 4, (km) @ 0.1~2.0 (% 2 BR[#, 0.1km EIZFRIE)
. Rl } - B2 g, (%o) : 0~20
- LN e e e W L[ « IR s, (ke/h) : 40
£ a0 \\\7\5 =TT L EORERNT, BROEBY v/ v BEAR C
2 < 300 LI\ ~. .G = (P L SRINBERE d, £ 2L S WAL T 2 L—sa VEFT D,
5 S0 | \._\ “"\\ Cil=30 TN B> Yial—valR Bl ATyTELT
< 100 [ ¢=10eN ¢ hd@ N d=porm ROBEFEER mw 35 L OB BIIHKES) pos & WA _H
o . fii % v 3o 4 EAR ¢ OMAEDET, SRR 4 %
00 02 04 06 08 10 12 14 16 18 20 0.1km ﬁi:ﬁ{héﬁ'f%ﬁf/ﬂ & pe=grp _‘/&‘ﬁ 25
station distance d ; (km) mw = 15000 (kg), Paux = 15, 20, 25 (kW)
mw =20000 (Kg), Pae =15, 20, 25 (kW)
B4 BREETTIERE d, & EREAREE Vomn mw = 25000 (kg), Pax=15, 20, 25 (kW)
(mw = 20000 (kg), g, = 0 (%0), Paxc = 25 (KW)) C,=10, 15, 20, 30, 40, 50 (F)
Fig.4. Minimum DC voltage ¥y to station distance d,. & LCE 3 i3 HERE R mw = 20000 (kg), HHBhEIRMH
(mw = 20000 (kg), g,= 0 (%0), Paux = 25 (kW) T P = 25 (kW), 2 BREIFERE d, = 0.5 (km), Dfd g, = 0 (%),
BROERY v S RBERC =50 HOETVIa L
30, 40, 50 — v a VEER AR, ROEMEITIER d 106+ 5 E4T
B 1 3 HFEEE s (km/h) (2T S EEME 1 BOHIT 7 HE s (kmh)ie &%, EEAITER-EREY v 48
L—% kB LOETER A RDY, £, HiTHH o, [E Vg (V), B L, (AR EERT, 413 mw=20000 (kg),
ITEERD O HiRTIE D £ T, BHEEDE ofs 2R 8 = 0 (%), Pan = 25 (KWHIERTE L 7= 2 BRI O ELHTEARE
BICHREE 7 L —3 0 O ERERE CORADRE JE Vetmin DS FRERA T, 3 2 1ZERMIERE d, = 2 (km)DH;
#9, £, H232 GOFEEEHEE BB 5 B EE EOETREEEL $ b0 T, HFEEA 20000 kg,
DIERMETH D, BRI RES 25 kW THREBR _ER X v 7 8BE
<3-3> MEMHRE SERoRRMBEHEERRY AHE S50 FCHEMBEENS 400V ELELRD,
WEL, WICTRTHRERRERET D, Fio, K5 BOREHEMELEY I a2 b—va VR
100 1000
pmag o A E@’b; ‘EDLCWEWXIO’CD —
E mﬁ% rurmmgs;mds“(km/h) S (lf?ﬁ o e EDLC»ve!%age T S
. / ssrpere speed]mutsr(hﬂh)ww-w- i 3 - ——g
s £, ——
g‘m_w o S i IR + ;*w ["- %EDLCcurrent!c: (A)
e _*“” - ‘\\ 51*1!; -
\ : mmn ,\ T
tractive | POWGl‘Pr (kW) >mngt|me B T a@@ ractive po
| o
mldhg.powerpp (kW) e
,,,,,,,,,,,, <—> %‘3’%’%
0 }krn .................
-100 i -1000
ETTHEM&m) 0§ E1TIER Gkm) 05
L — EfTRN W — MR Ehrad-RE Bl =
5 2BRMETY I 2 b—a Y (mw=20000 (Kg), Pas = 25 kW), d,= 0.5 (km), C, = 50 (F), g,= 10 (%))
Fig.5. Running simulation between 2 stations. (mw = 20000 (kg), paux = 25 (kW), d;= 0.5 (km) , C, = 50 (F), g, = 10 (%0))

-



Tk 16 F BOERWESS VRIU A

(J-RAIL'04)

600

il

500

T
1

400

I
1
edl o Sl £ hes: 1z
!
i

w
(=4
o
T T
PR IO PR 1558 O TR S T SR A S
| i |

Vclm‘n (V)

200

minimum DC voltage

be
1
1
|
==
1
)
r
1
[

100

T

|
1

T T T T
S Y N Sl it I A R (SO 7 O O

T
i
|
1
!
1
.
L
I
|
I
'
I

R B S I O e R B K T R
i | '
I

o
L]
E-N

6 8 10 12 14 16 18 20
gradient g (%o)

e YAk s EREEREME (mw=20000 (kg),
P =25 (kW), d; = 0.5 (km), C; = 50 (F))
Fig.6. Minimum DC voltage to up gradient. (mw = 20000 (kg),
Pae =25 (kW), d; = 0.5 (km), C, = 50 (F))

600 T T T T 15.([(“1")_

- [ e - —1= — AP-gme-— A - —

S SN DS i 9= 5 Lt
ST 400 | o a7 (kW)
P S T N O W] i N O it
g 300 | — ; : =~ '

—g- [ = reess "‘?‘\6_!— ‘f"]--\*fl--
zm i 1 i L 1 1

R Laadle-da b SN e, oo Vo o

B oo [ 1 N NN

L b s-----a_____’(-- --\L------;--
0 ] 1 | | 1

7 BEEHEBERZEEX v U EE
(C1=50(F), Vo = 600 (V)
Fig.7. EDLC voltage to standstill time.
(C1=50(F), V1 =600 (V)

30 T T T T T T
—~ | 1 1 | | I
2.5 . ! 1 ] | B —
g SL || pedmsew
—- 20 ' + =20 (k + —
4 1 ~N | P 1 1
L?a 1.5 : h%\\_\\'f //‘r,l —'75 (lgvr)_ :
NEBEERS Y a RS
: i L L |~ | 1
Sl 1 INNCING ] ¢
5] | | : h |\\ | \‘\
0.0 ! L k._,*l,
0 100 200 300 400 500 600

standstill time ¢, (s)

B8 {EHEFH & BE _ERY v v T —
(Cy =50 (F), V1 = 600 (V)
Fig.8. EDLC energy to standstill time.
(Cy=50(F), ¥, =600 (V))

BT, BE g, =10 (%o), BRANPEME d, = 0.5 (km) & L Tl
ENG Skmh ETFTTHMTLERAETH S, Lok, HEE
Tik mw = 20000 (kg), HHBEIFIEH BT pas = 25 kW), TR
THEX Y NV AHEERC =50 F)LBELE, K6t

HRL 2T ST TRIEICIT 2 - 2R AR & H BT &
Bz ELDbDT, 0.5 km OETEEETIL 18 %0 Lk
Y AETETEEITHK 400V ETERT T3,

(7, 8 (IfEHmfAEMLI-600V, 50F DES _HE
Xy (VA BEEE 2 FNF—DERT 2T, MHERER
EHD 15~25 kW DS, 6~10 5 TREHRET H1=0,
P rTRERS RN 3~5 HRRETH B,

92600V EBZ _EEX v v REERICHTAH
BROZE(ETRLIcbOT, BURD =3 X—H 6.5 Whikg
DIFE, SOF T380kg & 7250, 41EDILIERT MK
O T - @b b ZEZ 6N,

4. ELd

BREROCEVEBEBE~OBR _E R v/ 2
BEFHRIC, ET=fAF— I al—rar{Tol,
SREIRERE A 2 b S, HIBERHERENEEE LR,
BEAE 600V, HEARSOF OBR BRIy /¥ T
2km BEGETTE D, i, OREHCERMNZEH
Th, 0.5km OETHAETHD, SHEOMBIZLET R
NF—FER LT, /= K7 =7 O/ - B bhdETe -
LEIRFE NS,

3 R

(1) Steiner, M., Scholten, J. : “Energy Storage on board of DC fed
railway vehicles”, 2004 35th Annual IEEE Power Electronics
Specialists Conference Aachen, Germany, June 2004

2) /bl EE -l - KR - BA - B - LA TERZERE
¥ 30 F OB FRE DA RS - BREk
B TP TER-04-48

(3) AOEF - @ - LE TEECEBES v ¥ 2EA Lo s
M BROEMRGRN ERI6BRFERESEK32

(4) A - B - LE: BRCEE Yy Y ORBT ALY
—Z X B E A e BT BT O RBERN) SRS
2558 « MAEIETT 74 TER-04-50

(5) MR- WA TYF O hA Ay ZREEGE LA
v 7 U— b7 L] FRRISTERFSES£K3-34

400 T T T T

1 | ] | i

Eo 300 |t | ' .l |

| | | |

= | EempsOimg 7|
: —_—I ——————— Tl I"‘-“' _l_iikirliii
é 200 |- ! L @12 (WhKg). ..
s | / : = i |
| J* 1 PR halil

§

a il P -y . S8 =20 (Wh'kg)

0 ‘J-' » ] | ]
0 10 20 30 40 50

EDLC capacitance C | (F)

9 FER _EEF v SUFELVER (V, =600 (V)
Fig.9. EDLC cell mass. (V,; = 600 (V)

— 230 —





