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Analysis of Tram Feeding System according to Train Diagram Change
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Abstract - In order to understand phenomenon of the electric railway power feeding system in the construction planning step,
analysis of the overall system including electric characteristic of electric railway power feeding system, train running
characteristic and power consumption pattern and train operation plan and gradients of railroad and curve radius is required.

This paper study the feeder system by analysis of comprehensive system according to train operation plans, line impedance,
running characteristic of train, electrical properties of the feeder system. In order to understand phenomenon to the feeder
system of tram exactly regarding export of the field railroad preceeding actively recently.
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Fig. 1 Feeding system diagram and line map

=

el

=RohE gAed =He dEsto]
tede Qs Qs FHAIL

E SEAA"Y

Aol mE

H)
=

TOM(Train Operations Model) A|EHOIA T3S ARSI

o|lAE &7

AL L

9

g5

cloje  AHESH

A9 A 8 XEY, 38, ALY, 75k 5
CIOEE  Y¥stol Exjel

Skl

TPS(Train Performance Simulator), D& SHAIAEHCS 14 @

ARA, FRA, W] 89 ity ghe lgchs T2Y8Oo
2 MEFY AlAY FHE BAE 4 Q= ENS(Electric
Network Simulator), @x} 23 = RA7|F 29 A}, A7 &Y

SHIE AL

A~
T

ghetal ATH5].

21 FUAIE 01 YHHOlE

wAAE] L=
Azl @z EYy
7] Sl BAE, dEuHds
QE Sith ¥ 12 I3 10] 7|x8 gAlg]l 28 EH

celel AsE 8ot Al

=i}
=

~ —u

Q&= TMS(Train Movement Simulaton)E& 3

e geel Algeloldstr] Qs &

grjods Felst

QA= AuElA HolHE g

cztell

BAgS Uehd Zics @ EY 154 A84M 7I8e 7IES

ClolEl golm & 2& AFA ZIFe 7IEd nE

RE

LIERALY,

JW E 32 Edo FUAE guHaz

TEAeL HY JuEAS

3

LIERAQITE AC &

1 C2iel A%

Table 1 C-line station

AEHA A0

=

AC AAABS ¢
AAZS pJHEIA

A A% A A 9 7+A ] [km]
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Table 3 Power grid impedance data
rSESeln| Sk =244 AR 1 0.1951+j0.1288
[Q/km] (36kV 50Hz) AR 1 0.3101+j0.3277
A=y o A4 AR : 0.0599+j0.0785
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Table 4 Data of Oran tram

T B A &
1EH8Y R4 [E] 58f
Z2F(UERl/EA) [ton] 63.056
F 1 2EE [km/h] 70

Z A1 [kN/motor] 21.25
H71AlE 8 [kN/motor] 23.75
V5% [m/s] 1.0
&g 1.2
b 2
A lms] 0 13
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Qe EYle SARQU Be EEHI AR AFAE F4
B Aoz 99 ZEYoA9 GRIEY AIRMY Ro|7}
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Table 5 Train operation time table
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Table 6 Train departure time of starting station and terminal

station
iz AFErogare internationale GARE ROUTIERE SIDI
WA — —
Al , ,
] GARE ROUTIERE SIDI AFrogare internationale
00:00, 04:00, 08:00 00:00, 04:00, 08:00
0[s] AR Al AR Al
48:00, 52:00, 56:00 48:00, 52:00, 56:00
00:00, 04:00, 08:00 00:30, 04:30, 08:30
30[s] (AR A1E) AR A
48:00, 52:00, 56:00 48:30, 52:30, 56:30.
00:00, 04:00, 08:00 01:00, 05:00, 09:00
60[s] (48 AA) AR ATA)

49:00, 53:00, 57:00

01:30, 05:30, 09:30
I NEE))
49:30, 53:30, 57:30
02:00, 06:00, 10:00
(AT AT)
50:00, 54:00, 58:00

48:00, 52:00, 56:00
00:00, 04:00, 08:00
90[s] (AR AR
48:00, 52:00, 56:00
00:00, 04:00, 08:00
120 25009

[s] 48:00, 52:00, 56:00
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9 30[s] wAAIE AlEdold Eit

AUEAE HESIA| L= 2 gro] Hisl AYgdsit Table 9 Simulation result of cross-performing in 30 seconds
JA WAE g FOlkALTT. —
Algoﬂﬂ;gﬂ il REEEA | RAA SST-C2 | SST-C1
8 JFA | AFA
¥ O7HY Juds g dE A ACZ 1A]7F RMS | SST-C2 | 4017 - 562.1
Table 7 Voltage with and without rail impedance g8F [kVA] SST-C1 360.8 596.4 -
~ _ _ R QY Z) A} 900 900 900
ud | YL dmEs | HY JudEs jrimipn =
2 | owe |05 | HEEUES | HE B [vDC] Hage | o438 | 548 | 6%
B s e HEA] 1AT SST-C2 589 - 824
B35/ g - -
HAA | SST-C1 758 [V] 667[V] =71 AF [A]l | SST-C1 474 855
SST-C1 | 0[s] 690[V] 599[V] ¢) Case 3 : 60[s] IWARAE ¢ A2
ARl o - o T 102 60[s] WAAIE A9 ACS AIZF RMS 88, WA
e FFAL ARE 7719 ARE UEIHRICE ACE 1A

32 WRAAYE AlEH0IE

a) Case 1 : 0[s] WA Q1 AP

I 82 0[s] WA Al ACE 1AIZF RMS S8, AXAY,
HEAl IARE 7719 ARE UERRITE AEAlol Hist dF
HEL IZAIY RMS &8t AR AR 87719 dRe O
A LIERon FXAQS] A= Aol ZotEALE ACE 1
AlZYe] RMS ZO] S8 SST-C2 WEA] SST-C1 AFS RMS
g0l 576.1[kVAJOICE AWM FMetdatrt b A H
Mgk 320] A 599[VDC]olth HFAl 1M1 ARl FURF
= SST-C2 Al SST-C1AIAEY] 816[Al0lC)
& 8 0[s] LA AZelolM A}
Table 8 Simulation result of cross-performing in 0 seconds

Al%ﬂloléi ARWRL | BAA] SST-C2 | SST-C1
ACE A7 R | SSTC2 | 3858 - 543.1
&& [kVA] ssT-C1 | 3596 | 5761 -
AEEe et | 900 900 900
(vDC] FAREY | 667 599 653
e a7 | SST-C2 542 - 774
w77 A% (Al | ssr-c1 478 816 -

b) Case 2 : 30[s] WA Q1 A

I 9 30[s] WRAIE A9 ACE AlZH RMS 82 FEAY,
FEFA AR 7719 AF/FE UERAQLE ACS 1AIRES] RMS
ol 882 SST-C2 IFA] SST-C1 AFQ RMS go|m
596.4[kVAJolth, FAFeto] MetAdat 71 AA dAst 3o
Heke 548[VDClOIth HEFAl 1AIZF ROl FFFE SST-C2
TEAl SST-CIAIEC] 855[A]0]TH

ARt Al Mo wE E FTAS siA

RMS Zth &€ SST-C2 M&A] SST-C1 AJFS] RMS &80
I 573.7[kVAJOILY. FAAAC] syt 7ha IA dlst
3o meke 530[vDCloltt HFAl 1A% AR R
SST-C2 WEA] SST-CIRIE Q] 829[A]olT}.
¥ 10 60[s] XA AlEHOIA At
Table 10 Simulation result of cross-performing in 60 seconds

NEE R _ SST-C2 | SST-C1

]E%%] WEEEL | BSA | o
ACZ 1AIZF RMS| SST-C2 394.8 - 545.3
S [kVA] SST-C1 340.6 573.7 -
ESSESI Z D&Y 900 900 900
[VDC] Z AR} 640 530 614
ESENERVNFd: SST-C2 586 - 807
77 AR [A]l | SST-C1 451 829 -

d) Case 4 : 90[s] WAAY Q1 B

E 112 90[s] WAAIY A]9) ACE AR RMS €%, T&A
e, AFAl A RV AFE UEMQICL ACE 1AIRH9
RMS Zti &2 SST-C2 &FA] SST-C1 A9 RMS &&0]
™ 601.3[kVAJOICE. FAFYS] AAASHT 7HE IA st
29| Mere s78[vDColth HFAl 1A BRO FhRF
SST-C2 MAA] SST-C1RIAQ] 847[A]olC}.

rr

¥ 11 90[s] WX AlEH O At
Table 11 Simulation result of cross-performing in 90 seconds

”igﬁ Aaws | gad | ST ST
ACZ 1A]7F RMS | SST-C2 404.3 - 568.1
82 [kVA] SST-C1 371.8 601.3 -
FESESi &t 900 900 900

[vDC] AR 658 578 634
A=Al 1A SST-C2 573 - 808
HF7] A% [A] | SST-C1 482 847 -
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e) Case 5 : 120[s] WX Q1 2L

I 12& 120[s] WRAIY A9 ACE AIREF RMS £, AFA
e AFAl W ARV ARE UERUCEL ACE 1AIRH9
RMS Ftf &2 SST-C2 &A] SST-C1 AJF9 RMS 0]
M 554.7[kVAJolct AZAAOl MAAsE 71 A dhAst
2O Hete s69[vDCIoltt. FFAl AR FRO FhER=
SST-C2 AAA] SST-C1RIEQ] 798[A]OIT}.
B 12 120[s] WA AlEH 0l A}

Table 12 Simulation result of cross-performing in 120

seconds
NEE NS _ SST-C2 | SST-C1
o dREEL | B8 | oy
ACE 1AZF RMS | SST-C2 375.3 - 525.2
g2 [kVA] SST-C1 3334 554.7 -
HRzEet F A} 900 900 900
[VDC] FAEY 644 569 626
A=Al 1AIRE SST-C2 552 - 773
A7) AF [A] | SST-C1 436 798 -

3.3 AIEF 0l &3t Hlnl
8 2= WARAEE ACE AlZF RMS 82 UERAICE Z
AR F ACE A7) RMS FO 272 WRAIA 90[s]ol

WssT-c1 0 ZhA|  MssT-c2 A
ssT-c2 SsT-C1

560
540
520 -
500 - T T T

ofs] 30[s] 60s] 90[s] 120[s]

O3 2 TRAHO T2 ACE 1A RMS &8 [kVA]
Fig. 2 1 hours RMS power capacity in AC side in case o
cross-performing

WsSST-C1 1 &HA|  MSST-C2 0 %HA|
SST-C2 SST-C1

860

820
800 -

780 -
760
740

720
0fs] 30[s] 60[s] 90[s] 120[s]

% 3 wWARAIHo] mE FFAl A ARV AR [A]
Fig. 3 1 hours rectifier current in peak hour in case of
cross-performing
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Al SST-C2 MZA] SST-C1 AIFQ] RMS 88¢1 601.3[kVA] &
s KA

ShE 8 32 AAAIE EH HERA] A R7]) ARE UE
Welth 2 wRiAg & wxiAE 30[s]olAl 855[A]= 7HE 2
RF7F &2k w8 I8 404 BRRo] ZF i & JAA
Qo] 7hg e nre 530[VDC]oR SEHAUCE

560
540 |
520
500 -
480 - T T T T

0[s] 30[s] 60[s] 90[s] 120[s]

38 4 WXAE E JEAY [VDC]
Fig. 4 Collecting voltage by case of cross-performing

RAgAst EHoA 2o 4 500[V]olAH Eojof s & A
Erold A1t ARG wFAIRF 60[s]¥ wi SST-2 UFA|
Edo FAEQ edos AEge F
A L€ Ziog ROtk E£gh AlEHoIM HFY| gds dE
af ’HH, 1A17F ZlthdElo] AF71ol $EE2(100[%]) metolof
of stttk
AlEEolM] Al H FAIFFRES wdAIRE 30[s]ollAl
855[A]Z SST-C2 UEA| SST-C10jA] @Msl= ZAOCF LEN:

T 13 WAAYE AlEZOA Zi}
Table 13 Simulation result of cross-performing in 120

seconds
i ofs) | 300s] | 60ls] | 90ls] | 120fs]
— S S S S S
AFHS]
Al 1,979 2,165 2,761 2,608 2,007
A | : : : :

Legend as measurement converter names
A2-D2
27610

24540

20470
318400
1533.0 q

12270
9204 ﬂv
613.0) ﬁ |
3060 J‘

0. m

Current(amps)

WY ”M I

.6 133 20.0 26.6 333 40.0 46.6 53.3 60.0
Time(min)

J8 5 WRAIF 60[s] SST-C2 TFA] SST-C19] A7
Fig. 5 Current of SST-C2 in the failure of SST-C2 in 60[s]
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