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A Study on the Energy Saving Strategy
in Electric Railway System
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Abstract

The regenerative braked cars are being introduced in DC electric railway for energy saving.

There has been a recent tendency for DC traction substation with regenerative inverter to
increase in number. This is strongly related to the desire for effective utilization of electric power
regenerated by DC electric cars and to the aim ensuring stable operation of regenerative braking
system. The regenerative inverters DC power feed back from a generative car into AC power at
a substation and supplies it to distribution lines. This paper suggest the result of characteristic
analysis and capacity simulation, economical analysis in the regenerative inverter system.

1. A &

T

A EAEE g% Fov doRE A&EEH AW

EAAES ge A/UAE o188 A/AE 80 Frhe U4 ol§ TEFUE AR oY 7

A7h A Were BFeA Hgom, B wReAr A7lduA dggcte] Afow Aol A
ol R s AT AEFAT

A AFA AT Qo) AAA] A AFS AL PR FAA B

Az FAAZHOR Fostel 34 QwE X o whE ABstel A3

2 ANE sEed Adad 47 5 2sd oA o g ekl dis) A%

HEANE FAOR HEFSTL

o YRR ARAZN FRAAT Un AL 45E Ao oo g Axy THe Bae 7
x93 glon, odd AAE Axge gAY FulTre] du, AN AFol ekl Be A
o]l W wxbolth. @Al AsA 1~45He] A9 gk AAgFo] oF 87 [kwh) of
M, AYaFe Uz o 650090 o F WEA NN ARHE Ao 2% o] £t}

84 ALY AAEtE AEANA ARHE ALFS Hassm PHon g
Hold SARE T AAFOEA ol GAWS] Au2E AFTFE BE, ZAX ] @ A5



M &

=

=

7}

=N

o

SH3A .

9

Al A

=

=

EEEER- RSO ERES
AF Aol Ab

CIEEE

7.

9

]

o
=
1l

A
H

— u=

A Aol me QIME A AES] HEoqhE HE

2~ El

Al

2.1 AN=" A

bl

T

1t

AT

o)

Foll A 2REY, 28y 5

A

o

1o

il el A

9]

J5an A% §

&

o] 1,800Vo]
B A2¥S B3 =M, 7 A3 d7]ey A

1

[e]
H

]

S
Tl

‘]

A
R

s,

1]

=
=

i=]
o= F

bol 271

3]

L

ojlgdA EZQ

A E

E

o
T
b

X

—

&l

T3]

371 9

S

=

R

= O

3a
BEAuY o

L
R

AFAQew uuol

3 3]8E oA

3

A m o]

ol A =

i

5}

°©

g
oe% o] SIME} B E SlmEoln, luElo] o

=
=

o

Ho
i

X

=

—_—
o

ol 7]

ol v~ d 2t

f:;l_

tol oA e Aol 9

4 =] 3]

o] &% 3YUnH

J:

23]
o

b

XS (

o

0

ar
{

cll &

o
T
0
wir
7K
M
Mo



#2.1 FAAHH] F5F 2 54
T Abol ] 2F 1B H Abole] 28 23 A & Eotold X~E
27 A oiAE A
olgl~E  QIHE el o3 | AUAE AFel oel] | FTpoldd wFEHA T
49 | wFE wEste], A=A | iz wEste] 4n] | o o3 FAPUAE F
TOE HEHoRAM o | gk =3
UAE 2ndy
. =] =13
?BﬁfAiﬁoﬂ;HTﬂ T o] gl S Bt G Ee o b d ey
U L - IAANIATE A o - A At v e fagh
= - B AANIAE Frast e I
5 % ol g T} A . - AR, AquAEd
ool maAl e - Ape] AL ET) A%
3. AH3I AL AMY A2He HE HE
3.1 FAAHAF 95 simulation
APz A HE A E ] AHEFAA LS Adde 2 TA AFe] IJYLEE 2 YA
g & FEE whao] e JAAHS SAske Aol nigrAsiHnt, el I AdY SR e
el A WAzl destur FHo] oA ant. wEbA, ML, e 8 A 22
B v ] SAES g8stel dAbH R Alitsks W dEAEdeldSe AHgE Atk W
Aol it
7} 2AFE 5
3.1 SAME AN 9 AFadddse] dAmeln AxbEe # 316l vEbd
3hrn L 3kn 1 3k . 3hn
1 1 1
BE A A E{jﬁeﬁle BEA C
(AF21) il.*.jé:lu-lé} (BE]ID
a9 3.1 AFadds A=
F 2.1 AxkxA
P s 5 ak
A, s 8(4M4T) THAY, r 10kg/t
SHAA, ¢, 2.5% HasH, o 80km/h
T2, w 48t/% FAHEHE, o, 35km/h
AEZ B 3.5km/h/s AAEAAY, v, 1650V
AArE7I =4S, o |50kW/1000tkm A3 E, N 0.21
sgdEEs, g 0.85 AeFEE, ), 0.65




293104 1ol 12kme] S ARFTIE 742 1Ae] B AQInE]7F WA 2Bo] A Hoe] glom
o] Pl A £AHE Axhe e A0 2ot

[th<+/h] (3.1

(kW] (3.2)

4 #9 94g vk A=A

NS T WA Z4E HAdE posiy AGB.30 QoA 020 T 0.23%E 2t
AHEE, NS =AY FPAY FFYEE ehle goR AGE4% gom 063 T 0.67 %
CERREREED SRIES RS

% L 8£—‘——
add Wy B 2 as AAs 1o AHI8E Asfags AR TAVESAAE

© (3.5 2o,

W,
)\1 - Tl (8.8)
W,
2
A
W, :P><>\—1 (kW] (3.5)
2

2
offt
>,
=2
ol
B
)
rlr
N
N

[l A =Y B3 A5, = Tl 98 48.6)3 2ol 2w d, Fy

2 Aeta, S% ve] AFo iy BANE AFALS AGNZ AN

Fp=31xp—r)xsxw [kgl (3.6)
P Fpxo
5= 2o Y kW] 3.7)

ne

A(3.6)3% AB. 7S AHEste] 28AlEd pa da, AV AAFE oflet Zo] 7 & A

Iy= [KA] (3.8)

19 3.2 AW EH e e AANHE dEkdo AW E e A
A4 % AANFE M7 d¥AEdolds st A AL eSS AT 974 3
BAEEL JYAIT FollM AZFelM 2nls= AAH H&S Advishs Aoz 4G99 2
Abe sl da &R SAJNE ] HAEA A B NS AAstar AAH A dakat A
= AAt e 9 A& AARe dgsta, A dH I AeF T dH
o] W&

% 100 (3.9



| EEREEDNE |

Eld—

4

L

SIHEl =&
&

RN St

l—

‘ 2l A& S & ‘

v ¥
R EREE | |Bagaaﬂmgga&
v
HI=Z(A/B)
SIAIR 2T = Al 2 =
¥ y
| DHEEHE 2 AL | | EEFERG]
| |
v
|ﬂaagmma§gﬁg|
a9 3.2 A=Al Edoe]de gt FAJAMEY &F4HA

AEA Askd 659 2 2 wAdolEE AFESle] AE A EYelAS 5
AL ¥ 3.20] YERI
% 3.2 Ad¥AEHlA =1
1 2F /1A 8(4M4T)
= A 270.6[ton]
2k = 3.0[km/h/s]
nEE -3.5[km/h/s]
Au&Er 100.0[km/h]
EAEE 35[km/h]
Al A 240[sec]
A A 2} A| 7F 30[sec]
72 dlolH 2l Y A] 2} 30[sec]
Hzx%d 168.0[kW]
2} A &) 0.03030[ o/km]
sk Sk 1620[V]
Al &g o] A A TH 5000 ~ 8600[sec]
A& ol dolH AMZ AT 1.0[sec]
5822} 0.0005[p.u.]
a9 3.3 AEAsE 6 A I AJHE e X fFo] mE WA Py
S HoFET ¥ 2.3(a)% IJAJMHEH7E v FAEALRe] A 2
ko] HAAFoZ ] WAHE sAHge] oz PAANS ASAES #R
3.3 (b YA E 7 AAd AW AL FeolH, JAHS WALo|M 535
FZo] 7HA4sA)




2000 T T T T T 2000 T
1600

1600 |+

Db E 2]

1400

S N T O N T N Y N N N N N TR SN N N
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 GO0 700 800 500 1000

10000 ———— — 10000 ,

=]k

0 100 200 300 400 500 600 700 8OO 900 1000 1] 100 200 300 400 500 G600 700 800 900 1000

MH[zec) AlH[sec]
(a) 3AQAHE WAHA HHA (b) 3| AAHY A WAL
2% 33 MAze] AUA W AnAE s

4' g T

455 Ao s AANARIN YofRe 4FAYL wF wHew wif mgk ARl A
g Faelel AU Agals EARW ol ME AAR g 2N EAeRE Ue) A4S
o wrh wREE AUAE AT 5 Tk B =Tl Ad848 AvE AsDs4nE e A
1 R S WL G LU v kA 1 da
ARG B avAdEe deae] B sor Qs BAE A Ho] &HH o m THAHStS el
& gelg + Aglen, AAAMEsL AAE Adse] 4% DAAES WALN FoH FomA
7R ske] W Fo] fAshes A gRleksith

A% 348 ANE Y A ALl ABRR ol Age] A% Pl FEE Av|ers
AES AT

b T |

D &% A7 JAANE Al=F ool @3 BaA 2001, AFE AR5

2) T. Suzuki, "DC power supply system with inverting substation for traction system using
regenerative brakes." IEE Proc. B, Vol.129, Pp18-26,1982

3 AH ARradrad HAHst A A3], TIAAE 23 A 2HY] A
I H7183] 7R (I) A2963%, 1989.

4) Ad AFadr=g HA3} A998, TRAAAE 29T =
A& 77183 Z)ER () A360%, 1991.

5) A.Horn, R.H.Wilkinson, and T.H.R.Enslin, “Evaluation of converter topologies for improved
power quality in DC traction substation”, ISIE of IEEE, Vol.2, pp.802-807, 1996

6) P.J.Randewijk, and J.H.R.Enslin, “Invering DC traction substation with active power filtering
incorporated”, PESC, Vol.1, pp.360-366, 1995

7) DC Railway Substation Equipment, Kanjinbashi Substation of Kyoto City Express Railway
"Karasuma Line", MEIDEN, BA60-2533, MEIDENSHA Corporation

8) "Regenerating Power Absorbing Equipment for Railway Systems", S|E}X] HE 2004d4€

HO
o

o] Wk,

¢

L

Ao By

[ﬂ
=
HO
o

29

ofk

J



	Main
	Contents
	Return
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


