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1. Introduction




Background

e Uncertain power supply in Japan by

e East Japan Earthquake Disaster

e Accident of the Fukushima Nuclear Power Station
e Influence on train operation

e 15% reduction of energy

e reduced number of trains

e lack of robustness
e Need of countermeasures
e studying them in advance
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Objectives

e comparing some countermeasures of train timetabling
against such power shortage quantitatively

® by macroscopic simulation
e evaluation of schedule by

° energy saving

o passenger disutility

* (peak power shaving)

 need of microscopic simulation
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2. Countermeasures against Power Shortage




Four Major
Countermeasures

4
introduction of /
shorter train /

strategy o0: reduced number of
cars per train

position
>

strategy 2: reduced number of stops

strategy 3: slow down




Qualitative evaluation

strategy O strategy 1 strategy 2 strategy 3

reduced number| curtailed train |[reduced number slow down

of cars per train service of stops
peak power very good fair fair fair i
energy very good good very good very good
car scheduling bad good very good fair 5
crew scheduling very good good very good fair
transport capacity fair fair very good good
passenger utility good bad fair fair
giilgsis s a(;fcléassen— good good bad good

robustness against
train delay

e ————

“ o

good good good fair
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3. Optimization of Train Timetables




Energy-saving (Eco)
Train Scheduling

e Total trip time Tsis given as a constant.
e Runtime for i-th interstation T; is a variable.
e by adjusting slack time
e The mlmmal energy consumption is solved by varying the T..

+ variables
» constant




Formulation with
Nonlinear Programming

N
J(T1,°-- ,TN) — ZWZ(TL)Hmln
total energy 1=1

consumption

N
subject to Z Iz =g

;=1 total trip time

Applying Lagrange multiplier technique

N N
L(Ty, -, Tn, A) = Y Wi(T3) +”£\M(ZTZ- — Tg)
g="l g=1

oL OL .
8Tz_8_)\_0 (’L—].,2,"’,N)




Derived Law

70

Law of Identical

50 %) Incremental Energy

0 R Boaecton s Consumption
Q W2(T2) 'X.x.”

30 tL cex

20 \_ If incremental energy for all

section 1 ~a. “O.. section 2

W(T) 1® interstations are identical, the
schedule is optimal.

energy consumption [kWh]

10

0

60 65 70 75 80 85 90

running time [s]



Passenger I'rip Times

e oiving number of passengers for each Origin-Destination
(OD) pair

e evaluating the following items

e waiting time at a station assuming uniform passenger
arrival

e running time between O and D
o (transfer time)

e sum of total times for all passengers
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4. Simulation, a Case Study




Assumed Conditions

Interstation 3 ] ] ]

interstation 1 interstation 2 1000m | interstation 4| interstation 5 ! S
—— 800m —— 1000m 1% | som | 0om | 5 min.interval

. B2 trains/hour

dwell times 30[s] 30[s] 30[s] 30[s] Wi+2, Wo+10
station A stat?n B station C station D station E station F
40 '

some trains passing skipped stog

passenger demand per hour
Origin \Destination || A | B | C | D | E

A - 1600 T 900 [ 1800 900
600 | - | 300 | 600 | 300 We, Wo
900 | 300 | - | 900 | 600 ~ W, Wa, W, Wio
600 | 900 | - | 900 ]

900 | 300 | 600 | 900 | - t Wy
2100 | 3000 | 2100 R

2 . runtime [s]

energy consumption [KWh]




with/without SKips

~ With-skip stops
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Optimized Runtimes
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Strategy 2 Strategy 3
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Comparative Results

| Base

= = = = Strategy 1

= = F= = Strategy 2

= = = = Strategy 3

«

'~\31-3
*

1400
1.95E+07

curtailed trains

S1-1: 1/12 curtailed
S1-2: 2/12 curtailed
S1-3: 3/12 curtailed

reduced stops

S2-1: 2/12 passing B
S2-2: 4/12 passing B
S2-3: 6/12 passing B

slow down
S3-1: round trip+20|s]
S3-2: round trip+40]s]

200E+07  2.05E+07  210E+07  2.15E+07  2.20E+07 83'3: round tl‘ip+60[S]

total trip time [person s /h]




Discussion

e Trade-off between energy consumption and trip times
can be found.

o Curtailed train service (Strategy 1) had much higher
increase of trip times than other strategies.

o Reduced train stops (Strategy 2) and slow down
(Strategy 3) had very similar characteristics.
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5. Conclusion




Summary

o Emergent scheduling under restricted energy supply
® some countermeasures compared
® energy consumption
e passenger trip times

* "'reduced number of stops” and "slow down"
preterable

e Future scope

e considering peak power, etc.
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