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Unit 1

Railway Rolling Stock Planning

More than one hundred eighty years passed since that magnificent September day in 1825
when for the first time in history a steam-locomotive hauled a passenger train. The legendary
Locomotion was driven by George Stephenson personally. Hundreds of enthusiastic people got in
open coal wagons in Darlington and a great celebration started two hours later in Stockton as the
train arrived there. This ride proved the concept of steam-hauled passenger railways. Within a
couple of years, the horses were utterly released from their duties of pulling heavy wagons between
Darlington and Stockton.

Railways looked in those by-gone years quite differently from our understanding of railways
today. There was no timetable at all; the numerous railway operators could run their trains
whenever the trajectory was free; they literally fought for the right of using the tracks. There was no
safety system; collision was only avoided by the low speed of the trains (and later, when they
became faster, by sheer luck). The carriages had no springs; the passengers must have felt relieved
after the 12-mile journey. Nevertheless, the Stockton and Darlington Railway was a financial
success.

The pioneers of passenger railways would be quite astonished to see what their dreams have
evolved into. Railways are now part of our everyday life. Trains operate according to carefully
set-up timetables, safety has the highest priority and comfortable carriages make long journeys

easily bearable. Railways gained large social importance, too. Once stand-alone small railway lines



T el EE

has grown to large companies and has become a solid pillar of economy. For over a century, the
development level of a country was directly measured by the density of its railway network. Today,
passenger and freight railway transportation play an important role in the economy of many
countries.

For many years, railway companies did not have to face much competition in public passenger
and freight transportation. In the past decades, this changed drastically. The railways has lost a large
part of their market share to automobiles. Recently, air traffic took over many middle-distance and
long-distance train travelers. In addition, a directive of the European Union required opening the
national railway market in the 90’s. Till then, most state-owned railway companies in Europe had
been the only ones to provide railway services in their countries; after liberalizing the market, they
had to compete for the customers. These developments urge the railway companies to attract more
customers by raising their service level and to cut their costs down by working more efficiently.
Improving their planning process contributes to reach both of these goals.

Railway companies are nearly inexhaustible sources of planning problems. Till recently, all of
them have been dealt with manually; many are still handled without automation and optimization.
Railway applications attracted the attention of mathematical research. Many of the problems are of
a combinatorial character and suitable for operations research methods. Conversely, problems of
railway practice have an influence on operations research by showing interesting and useful
directions to extend existing methods and to explore new ones. In the last decade, more and more
computer-aided tools turned out to improve the railway planning process significantly. Besides
intensive research, the virtually exponential increase of computational power contributes a lot to
these successful applications. Nonetheless, comparing the number of existing operations-research-
based planning‘ tools to the plenty of railway problems indicates that there shall be enough
railway-related research topics for a long time. Also, mathematical research shall certainly continue
on railway optimization topics that have not been addressed so far. In any case, it shall be exciting
to see to what extent railway planning can be automated and optimized in the coming years and
decades.

Planning the railways for years, months, weeks or days ahead leads to substantially different
problems; in this regard, railway planning problems can be strategic, tactical, operational and
short-term.

Another way to classify railway planning problems is based on their target: they concern the
timetable, the rolling stock and the crew. Timetabling answers the questions which locations are to

be connected by direct trains and when the trains have to run. Rolling stock planning determines
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how many locomotives and passenger carriages are needed and how to use them for trains. Crew
scheduling of most passenger railway operators concerns the questions how many train drivers and
conductors are needed and how to assign them to the trains. These three topics include problems of
very different characteristics. Timetabling determines the railway network while crew and rolling
stock scheduling allocate the available resources. But the requirements in crew and rolling stock
planning differ substantially, too. For example, rolling stock units are bound to the tracks so they
can block the way through a station for each other. Crew has much more flexibility as train drivers
and conductors can just walk from one platform to another. However, crew scheduling has to
respect wishes of the employees, sometimes at the cost of efficiency. A well-known recent example
of that is the case of the cost-efficient crew schedules of NS in 2001 which turned out to be
unacceptable for train drivers and conductors. The employees’ wishes result in very complex
requirements on the crew schedules; the rules in rolling stock planning are usually simpler.

Strategic planning determines the amount of rolling stock needed in the future. In the other
planning stages, the available rolling stock is to be assigned to the timetable services. Tactical,
operational and short-term planning takes different levels of detail of reality into account, so the
requirements of the schedules have to fulfill differently for the planning phases. Tactical planning
produces the basic shape of the weekly schedule, operational planning refines this for the actual
calendar weeks. Short-term planning modifies these schedules to comply with some requirements
that are not dealt with in earlier planning phases. Moreover, short-term planning supervises the
execution of the schedules.

The three major objectives in rolling stock planning are service quality, operational costs and
robustness. A good service quality means that trains have enough seat capacity to cover the
passenger demand. Also, rolling stock on inter-city trains with many long-distance passengers is
expected to provide more comfort environment than regional trains. A higher service quality
encourages more travelers to use the train instead of their cars. When running the trains, railway
operators have rolling stock related expenses such as electricity or fuel consumption and
maintenance costs; efficient schedules can minimize these expenses. Everyday, railway
operations have to face with disruptions and delays; robust rolling stock schedules are less
affected by them. Robustness of the schedules can be increased when the number of possible
sources for delays is kept low and spreading of delays is prevented as much as possible. Hence
the rolling stock schedules can also contribute to raising the punctuality of the railway system.
Of course, these criteria contradict one another; the operators have to find a good balance of

them.



Strategic and tactical planning only considers these criteria. In operational and short-term

planning, however, time is often too short to look for a schedule that matches best the objective

criteria above. More important in such cases is to come up quickly with a solution that fulfills

the requirements and that ensures an acceptable level of service quality, efficiency and

robustness.

. Part2 New Words and Expressions

steam [stim]

locomotive ['louka;mautiv, ,louka'm-]
haul [ha:1]

passenger ['pasind32]
legendary ['led3zendori]

enthusiastic [in,Bju:zi'estik]
celebration [iseli'breifon]

utterly ['atali]

timetable ['taim.teibl]

trajectory ['treed3ziktari, tro'dzek-]
literally ['litorsli]

safety ['seifti]

collision % [ka'lizon]

sheer [fio]

carriage ['kaerid3]

spring [sprin]

vt vi. &, K

n. A, WA

adj. &iA

adj. K&k, &3

n. M&; K%k

n &, 3i; B Hikds

vt.vi. #&35; 32

n. RE; RE; TBA

adj. #3eh, ey

n itk Eikte

adj. #AFE); Heeh; JERE

n JR¥E, EKBEL; KRA; R
adv. TR AT, 2K MEM, +E%
n BHiELE; AR RAER

n Yo, $hk; B

adv. BFEH; BT

n A kk; =4RE; RERE
n (BI, Fik) sk, +2R
adj. #5fY; EIAEY; R

adv. Za; BEMR

vt. vi. (42) 1Bft; (1#)&4#G

n. AL, ERELY

n &4y Ef; wWitLE; ARk BER
n AR; B%; RK FH; ks



evolve [i'valv]

bearable ['beorabl]
density of its railway network
drastically ['draestikoli]

long-distance

liberalize ['libarslaiz]

inexhaustible [,inig'zo:stobl]
automation [2:to'meifon]
optimization [,optimai'zeifon, -mi'z-]
combinatorial [kom,baina'to:rial]
conversely ['konvasli]
computer-aided

significantly [sig'nifakantli]

exponential [,ekspau'nenfal]

computational [kompju:'teifonal]
indicate ['indikeit]
address [o'dres]

strategic [stro'ti:dzik]
tactical ['teektikal]
classify ['klesifai]
timetable ['taim,teibl]

rolling stock

crew [kru:]
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adj. H R

vt AESkAL; ARKRME; RARFE; ALFEH
vi. £%; B; kb 2K

vt. KR, #; #tb; RERTHR; #ETH
vi. KR, itk it BRFHR
adj. T&Z 0, XAFFAE
YRIE W T

adv. Bk, A

adj. [[B13] [R] kik#y; KIEBH
vt. dTKIR B 5L

adv. @it Kizd %

vt. B EL; TR

vi. 8 ©fk

adj. IARZH; Ton B tbed

n. B#Hk; P

n. ®AEL, ML

adj. 4%

adv. #8 R 3,

adj. [#1] HHEAERBIEY, BiEiRBh
adv. FToRIE KR, A28 R

adj. &%k

n. 1854k

adj. i+ 34

vt. R; d5; R R4

ve. ®it; AE; BT B Ak e H

n eib; EF; BE; 64T

adj. ¥ L4y, Kk

adj. AR, Rukey; ETFRBY
2k 2% Ha

n BEELE; BRIA; RAEER

n MEEL (51844 )

n A, 4, 2HRAR, &K

vi. —# T4



schedul ['skedzul]
conductor [kon'dakts]
block [blok]

flexibility [ fleksi'biliti]
efficiency [i'fifonsi]

complex ['kompleks]

refine [ri'fain]

calendar ['keelindo]
modify ['modifai]
supervise ['sju:povaiz]
execution [,eksi'kju:fon]
robustness [rou'bastnis]

regional ['ri:dzonal]
electricity [.ilek'trisati]

consumption [kon'sampfon]

maintenance ['meintonans]

disruption [dis'rapfon]
delay [di'lei]

robust [rou'bast, 'raubast]

punctuality [\pAgktju'eliti]

criteria [krai'tioria]
contradict [\kontra'dikt]

XU el EE

vt 1& LA R

n[E]B R, BR, #%, AR

n $k; BRA; ARSA; FEA
n & BR; XA; KA

vt. Fak; FEE; FR4

adj. RALEy, Kkay; B EH
n REW; B4, EpH

n KE; KiL;, HK

adj. Z7:8; AR

n. ZAHK; FARE

vt. ¥R, Rsh; K& AEeeee &1

n. BR; Mk, AR

vt. $eeeBINEF; e HENBAZE
vt Bk, 1546 E&

vi. &%

vt. B, £E; 8y

vi. BE, £%; Ke

n. 47, FA7; TR LA

n[B] §4b; [] B, (i

adj. 3LX&; BRrey, EANWRE

n WA wiR; RAMERES

n W WA WE

n P, g RE AEFRA

n IR, B R, RL#E

vi. 3E3; B

vt. 3EH; B

n. JEHR; BodE; ARV R IR 64 B

adj. iRAEEy; 1R, MIFE; HEH
n. EERE; EAA; HLAE

n. ¥, &4 (criterion #9 5 3% )

vt. BB FTr; Lo T, G dhfh
vii RB; Tk, LAEFE

=]
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2]



Unit 1 Railway Rolling Stock Planning .

R A W R I e T SR 0 e o S 8, A A SR S e s i o

" Part3 Notes to the Text

1. Nonetheless, comparing the number of existing operations-research-based planning tools to
the plenty of railway problems indicates that there shall be enough railway-related research topics
for a long time.

B REL, (HR B R TE S A AR R BRI e,
DR A Ja AT 75 78 A2 R Bk R 2R 50 PR

RAF#EHT: “comparing the number...” 34 A I=1E, “indicates” fiH1E, FiEH “that”
5121 “there be” M.

2. Timetabling answers the questions which locations are to be connected by direct trains and
when the trains have to run.

3 BT B T R i ) S E LA A G AN B G AR B AT R ) R

BV F R “ Timetabling” 1%, “answers” 181, “the questions ” 7, I 1 “which”
1 “when” 51F 2 MAAIRB R E .

3. A well-known recent example of that is the case of the cost-efficient crew schedules of NS
in 2001 which turned out to be unacceptable for train drivers and conductors.

I BT MR R — AN SR Z A 2001 4F NS HEH R oA 28020 2% R TIRYE
xR, ZREAZINERYRS A KHF.

A FHRHT: “ A well-known recent example...” & E i, “is” /& R 51 iF &, “the case of...”
R, “which” 51 FHEEMNAMBEMRZERIERZEWE “...crew schedules...”s

4. Tactical, operational and short-term planning takes different levels of detail of reality
into account, so the requirements of the schedules have to fulfill differently for the planning
phases.

I SRR HIZE RV I ST B &N ACE R SRR, B, URBER AT Kb
SRR HE KA B B 73 3 56 B o

Q) F#EHT: “Tactical, operational and short-term planning” {3 %, “take...into account”
R ERE, RAEE, AP “takes” RiFIE, “levels” MUK, “so” T FHRGRRIE
MA].
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_ Part4 Supplementary Reading Text

European Rail Traffic Management System

The European Union (EU) launched an integrated programme of reéearch and development in
1996 to set up a common, coherent and consistent rail transport policy for safety and operational
procedures. This was also aimed at developing a harmonized European railway network in order to
fulfill the interoperability requirements and to improve, and optimize the rail operation with high
level of safety. The work, under this research programme, focused on the development of the
European Rail Traffic Management System/European Train Control System (ERTMS/ETCS) with a
generic system: onboard command/control, transmission system and safe communication based on
radio(Global System Mobile for communication-Railway(GSM-R)). The advantages of an
international interoperable system expected by the railways can be summarized as:

(1) Cross border interoperability.

(2) Improvement of the safety of national and international train traffic.

(3) Improvement of international passengers and freight train traffic management.

(4) Shorter headway on heavily trafficked lines, by driving on moving block, enabling
exploitation of maximum track capacity. :

(5) The possibility of step-by-step introduction of the new technology.

(6) Enabling Pan-European competition between the manufactures of ERTMS/ETCS
components and strengthening the position of the European railway industry on the world market.

The ERTMS system intended as a future unified standard European Train Control System
(ETCS) was decomposed into 5 levels in order to allow progressively a migration from existing
train control systems, but only level 2 is considered in this paper. The ERTMS/ETCS system is
partly on the trackside sub-system (interlocking, control centers, etc.) and partly on board
sub-system(train and driver interface, ATP and ATC).

Different levels have been defined to allow each individual railway administration to select the
appropriate ERTMS/ETCS application, according to their strategies, their trackside infrastructure
and the required performance. ERTMS/ETCS Application Level 2 means that the train is equipped
with ERTMS/ETCS operating on a line controlled by a Radio Block Centre and equipped with

Eurobalises and Euroradio including the train location and integrity proving performed by the



trackside.

The State Transition Diagram (STD) for the operational railway represents all the states of a
train, from mainly static to full dynamics during journeys controlled by the traffic management
system, currently baselined as ERTMS Level 2 Train Control System. The 13 states for the train
have been analyzed form the perspective of key actions responses and triggers for transition in the
Unified Modeling Language (UML) syntax referred to as Sequence and Collaboration Diagrams
(S&Cs). There exists one Sequence and Collaboration diagram for each train state represented in
the STD.

The states of the system and the key functions, actions, exchanges between actors and
responses within each state as depicted by STD and pertinent S&Cs have constituted the basis for
the systematic hazard identification of ERTMS level 2 system. Once the key system functionality
for a level 2 configuration was captured on Sequence and Collaboration diagrams, the data and
control exchanges between various actors were scrutinized from the view point of potential
deviations which could lead to hazardous system states. Guide-Words were applied to each system
function, action, exchanges or response in a Sequence and Collaboration diagram and the most
appropriate ones selected. The nature of exchange, e.g. Data, Control/Command was also identified
and noted. The potential hazard associated with the Guide-Word applied to a system state, exchange
or function was next articulated by the study panel (largely came from EU railways DB, SNCF,
Railtrack & FS) and recorded. The potential or likely causes and consequences (accidents) were
subsequently elicited from the expert panel and noted. For each hazard, a preliminary and
subjective assessment was carried out by the panel in terms of the potential likelihood and severity
of the accidents. The derived index is captured in the hazard record as means of prioritization
during analysis.

The systematic Hazard Identification of the ERTMS level 2 system carried out in accordance
with the above process generated a total of 152 system level hazards. The captured hazards were
sequentially numbered and identified with respect to the S&C source diagram from which they
were derived. The hazards were also maintained in a bespoke database developed for online capture
and maintenance of system hazards.

The detailed analysis of ERTMS Core Hazards has involved coding of main causalities arising
from the failures of Onboard, Trankside and non-ERTMS functions and sub-systems within the
operational railway. The Quantified Apportionment Engine(QAE) enables an overall apportionment
of the 1,000 and 1,100 series risks to causal classification codes. These are in turn sub-divided into

Control Command Constituents which provide the essential functions for the core interoperable

’
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system. The QAE has been employed to compute the contributions of the ERTMS/ETCS and the
rest of the infrastructure to Passenger, Worker, Neighbor and Average Population safety within the
ERTMS Level 2 operational railway.

The systematic framework adopted for the safety study of the ERTMS/ETCS railway generates
detailed forecasts for the three main groups exposed to the risks of operational railway. This,
besides the average population statistics, provide four different perspectives from which the
tolerability of key ERTMS hazard can be assessed. The current conclusions are primarily based on
the average population risks which can be extended into other specific groups if and when
appropriate.

The core and sub-core hazards represent the system level ERTMS/ETCS hazards for which
tolerability will be derived based on the average population safety target. For a thorough description
of the sub-core hazards refer to the detailed analysis reports produced for each ECH by analytical
organizations.

The causal and consequence analyses of the ERTMS/ETCS Core Hazards have generated the
following annualized rates considered tolerable for the 10 core and 40 sub-core hazards. It is
possible to normalize these THRs against some specific aspect of the train and infrastructure in
order to ensure independence from the reference operational environment (EUROE). The most
likely metric for normalization for onboard related hazards is that of per train hour of operation and

as for trackside, RBC hour has been considered a reasonable choice.



