UNANNIIY (Research Article)

[*7] o 7=\ 6
NS 1FULUIIa I LlHNI1TILATIEH
31]u,fufums‘lﬁ'u’%msuﬁ%snlﬂﬁmmiaanmmslw.a‘iaa
Simulation Modeling in Metro Operations Pattern Analysis

w3Am Azt wazgniuas yayloy
mMATTIAINTINAAFINNT ABEIAINTIUAANT A INYIRENAAR
FUAMaILT Sunawnsumma S9nIauasay 73170
Waressara Weerawat* and Thanandorn Boonchai
Department of Industrial Engineering, Faculty of Engineering, Mahidol University,

Salaya, Phutta Monthon, Nakhonpathom 73170

UNAALa

lughafrunszussudiminsludszinalngldunsmivauuannasgimaunn winld
nmMInaw lassmssa ldhaussniasudn 9 Iuv{uﬁ‘[ﬂmaunymwumum wananiiiiiaswa
g lidnznduveuuniuniagifia drldanusulalunisgsannmszuusa Wi iuunuiamn
los dwiuszuusnldiumssaamnadusadwsesidnidonadetszansmunlunsliuing
agnalsfiony masaaadusadwsesilidne Lﬁadmnmﬂwfwﬁawyaa“ﬁagaﬁlﬁmﬁm WISl
i'mqﬁs:aaﬁLﬁiaﬁnmmﬂﬁmuﬁﬂaaalumﬁ@mmmﬁmﬂﬂﬂn lagfilassmara lWiumuas s
a809505370 (Junsdidnm miﬁm:nL‘%'mrmmnﬁwﬁagmmzﬁwmwmiﬂﬁ]gﬂLLuumiLﬁmn NI
fnuasonumsnineldiiowlymaausomuunuisnua e iseng ldundsaununssaluin
YUFINDTULAIL Tz INe ’ﬂ’mﬂ’]iﬁﬂHWWUdWﬂWiL@%UNfﬂHaLLﬂzﬂ’]i"i‘f@lﬁ’miaULLu’Jﬁ@@hd 9 a8li
uisTasianyfisinadensidusn I@]Umwwz"ﬁaﬁmu@ﬁaqnmmiﬂa'ammm:iwznmﬁﬁ;mﬂﬁ'ﬂ
30 mafugdununadusn lagldRansondadoainan onasnaliiinanus Tz MIasuulag
$mwausanlwusnis mu?’«i’ﬂﬁmmsmh:qn@ﬂ?ﬁﬂuummﬂumiﬁ'ﬂmiwLﬁmnémfuimami
solndhau 9 luawina

o o o ° 6 o a o a
AEIAR : NI9188IENUMTAL MITAATIMILAWT WA, LuusiaasmsEwsn Wi

Abstract

Rail transportation has been rapidly developing in recent years in Thailand with a strong
encouragement of the government. An outcome of this support is the establishment of plans for many
new Metro line projects in Bangkok and beyond its boundaries. Furthermore, agencies of the other

large cities in Thailand, such as Khon Kean or Phuket, also show interest in integration of Metro system

*Corresponding author: waressara.wee@mabhidol.ac.th DOI: 10.14456/tjst.2018.22



o

Thai Journal of Science and Technology 171 7 « aUUN 3  ABYIYW - 55 I1AN 2561

in their urban development plans. For any rail systems, a train schedule is an important part to
effectively manage customer demands and resources. However, a proper train schedule is not easy
to plan because of the complexity of required information. The research objective was to use simulation
model for train timetabling with a case study of Metropolitan Rapid Transit Chalong Ratchadham Line
in Bangkok in order to design a suitable timetable. First, gathering the data and understanding the rail
operations took place. Next, setting scenarios together with Mass Rapid Transit Authority of Thailand
for the current service as well as a feasibility plan and a degraded plan were designed. The results
show that data preparing and conceptual layout can define the important factors in the operations,
especially the time of dispatching and the dwell time of a turn back point. Therefore, changing train
operations pattern without considering these factors can cause the delay in the network and influence
the number of trains in use. Outcomes of this research can act as the guideline for systematic

timetabling of the other rail projects planned in the near future.

Keywords: simulation; rail timetabling; rail simulation model
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NB 9.0490 9.112 1504.4 0.063 SB 9.048 9.111 1500 0.063
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Start Position | End Position | Gradient Distance Start Position | End Position | Gradient Distance
Route Route
[km] [km] [%o] [km] [km] [km] [%o] [km]
NB 11.954 12.054 -0.2 0.100 SB 11.945 12.044 -0.202 0.099
NB 12.054 13.217 0 1.163 SB 12.044 13.205 0 1.161
NB 13.217 13.717 0.2 0.500 SB 13.205 13.705 0.2 0.500
a3 4 MednsiesouTayadiuniLzua
Route Position [km] Turnout Point Route Position [km] Switch Point
NB 8.949 T0101 SB 8.997 T0102
NB 9.457 T0105 SB 9.011 T0106
NB 9.761 T0109 SB 9.422 T0110
TN 5 AIHNNIABNTBYAAIUMHTIINAAANNTIUAZLATBIRLLINAIND
Positon Before After Axle Positon Before After Axle
Route Route
[km] [km/h] [km/h] Counter ID [km] [km/h] [km/h] Counter ID
NB 9.910 54 54 X0133 SB 9.830 80 80 X0134
NB 10.091 60 54 X0137 SB 9.910 54 80 X0138
NB 10.160 80 60 SB 10.090 60 54 X0142
319N 6 Aadimaetsutayadiuniiraulaaani
SB Position [km] NB Position [km]
ID Station Name
Start Middle End Start Middle End
PPO1 KLONG BANG PAI 9.925 10.000 10.075 9.925 10.000 10.075
PP02 TALAD BANG YAI 11.195 11.268 11.340 11.196 11.268 11.341
PP03 SAM YAEK BANG YAI 12.759 12.834 12.909 12.772 12.847 12.922
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Route Signal Name Position [km] Signal Direction Forward Signal Direction Backward Note

NB V0105 10.085 v Virtual
NB H0205 11.183 v
NB V0205 11.353 v Virtual

<\

SB V0106 10.085
SB H0202 10.565 v

Virtual

SB H0206 11.183 v

MAIN |- ——

SPEED

—~ 1 1 1 1

I U T T T

E I I I I

¥TURNOUT***J‘*77J‘~77 7,,%774‘,,,L,,,
[ [ I [

GRADIENT
(%)

KILOMETER g
SOUND BOUND S
|
|
1
|
|
|
|
|
|

KILOMETER
SB TURNOUT

(o)
KILOMETER POINT

(o4
KLOMETER POINT
WITH AXLE COUNTER|

CONNECTION SIGN
[¥]le]
EXIT SIGNAL - MAIN
34
EXIT SIGNAL -
3 ASPECTS
2401
EXIT SIGNAL -
2 ASPECTS
24l
EXIT SIGNAL -
VIRTUAL 2 ASPECTS
<=
TRAIN STOP CENTER
POSITION IN STATION|

— {21210
= ———————21.280
— {21285

31U 3 dreduunumndalumisisuuuiaelesiasiugiunmadausa twih

@1391 8 dhatwamTenudaysiliaiiuuudiaaslasiaiedugiunanduin Wi

KM Speed Speed
Position | Point Gradient | Radius Signal Signal Station
Point | Forward | Backward
[m] Name [%] [m] Forward Backward Area
[km] [km/h] [km/h]
1068 X0129 9.830 80 80 0 0
1148 X0133 9.910 54 80 0 0
1153 H0125 9.915 54 54 0 0 v
1163 9.925 54 54 0 0 KLONG BANG PAI
1238 10.000 54 54 0 0 Stop Center | Stop Center | KLONG BANG PAI
1313 10.075 54 54 0 0 KLONG BANG PAI
1323 V0105 | 10.085 54 54 0 0 v
1329 X0137 | 10.091 60 54 0 1000
1398 10.160 80 60 0 0
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LAWNIIATUIAY (round trip) ﬁﬁumguwimmmn
22NINATIRTIAILBVBIFDNAAADILNI LH
(PPO1_Up) Lﬁumavlﬁﬂé'mnﬁamﬁmwgu
(PP16) LAWN1INSLNNATIUT 818192898077
anasun9ld (PPO1_Down) tdunielunsusnd

ANAUINARBILIIN (PP18) L@UNInaUANGd

M350 9 WanN139a adﬁﬂ']%ﬂ’]ﬁﬂi

frumaunsesssonfinaasundld (PPO1_Up)
wazi3udnsnsaulnudnass sSnwsuuIwsafilds
$1UINAET (trip) AvuIusnaIw1ntdnsnld
AROALFUNIINILAFANBAUNIINTA 90T
Uanenis Feiusawiunadunemslduazans
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J0A8aILNI L (PP18) LLa:amﬁngu (PP16)

uazwIaNaanInlusauna b 23 w1l 59 Fufi

20 Wi 19 Iwfi

Scenario 2 Scenario 2n Scenario 3
Scenario 1
I8N1T -~ 1 platform 2 platforms Degraded Mode
1/51 Headway 1/51 Dwell time  |Short Loop + Shuttle
Headway LT 6 Wl 4 w19 1 3w 1 w11l 56 w1 8 wfl 16 Auf
SruzALAUNNIATUIAY (Round Trip) 1 alus 1 alus 1 galag 1 alug

19 w1l 16 Au7

14 w1l 24 Andi
(Short Loop)

wanTafild (uaw) 14 20 41 10
Snwawiien (Trip) v ldlu 2 $2Tae 27 41 88 22
PaLdumesnele (SB) uazmuinita (NB)

szpzIan20050 (Dwell time) ﬁqﬂﬂﬁmn

- 9ANAUINARBIL I PP18 22 Junfi 22 Jwil 12 A 22 Jwil

- &oilienyu PP16 2 Wil 2 Wil 1 w1l 53 Twfl 1 wifl 51 3w

FIMTUEDIUNITAIN 1 WUIEIRTOLEY
sndeand 6 wift ldlasldifiaaanuada
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Wuneseldussaomiolfindeniud 2 wiit
53 Sunl Weesnwn1saanInaTINLAAe N
mInausausrmIlsossnauaudalufsafiien
s (PP16_Down) Gfagﬂﬁ' 4 1 Juened19d83N13
L%ID (train diagram) NULEAIN1TBENTATAINTA
MAUATBITLINIOLFUN T BLnitafignfiian

u (TAO POON) Tunsdififmuaiadsessn

wioumwnadunsmelduazamomite lagaa
s lunnsoansnasnanBuILALALT 7 (T
auly

FAMSUFDIUWNITON 2 WUIINTLARTD
gﬁLLmJﬁaqu”uﬁLﬂﬂlﬁmmﬁmmaﬁamﬁmwgu
A zfnenusduiioldanudn 1 wift
56 U7 %ammﬁﬁﬁasﬁqﬂﬁ@ﬂﬂﬁmaami
Lﬁmngmwuﬁaqﬁuﬁﬁa 4 w1 1317 lag
$rwrnanansaflfidu 20 auu SwnneIn
'l 41 1ign srununIlsuimuaan
pansnNanREUNI9VIL NI SB uaz NB 1%

VARBNAWN 2 U1 44 Fun
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