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Introduction: why the area is important
and present situation

« “Experience” of a passenger with the Railway System is with :
- Ticketing operations;
- Station;
- Rolling Stock (RS).

However, he spends most of his time in the RS.

« Beside the FARE, a large part of the attractiveness of the railway of transport
is based on the perception of the RS by the passenger.

« Thus, Rolling Stock is key for the provision of quality, accessible and reliable
rail services as well as for the competitiveness of the sector.

« Besides that passenger-centric thrust, the next generation of RS must meet
other demands:

— Environmentally friendly

— Safety

— Capacity

— More reliable and cost effective way of transport
— Interoperability

THESE ARE DRIVERS FOR TECHNOLOGY SOLUTIONS



Uvod: Proé¢ je oblast ,,Rolling Stock*
dulezita a jaky je souc¢asny stav oboru

Nejvetsi pozornost cestujicich je soustfedéna na zelezni€ni vozidla.

Dale vnimaji napfiklad i podminky nakupu / objednani listkl a sluzby
poskytované na nadrazich a dalsi.

... hejvice €asu travi cestujici ve vlacich.

Atraktivnost zelezniCni dopravy je pro cestujici tedy dana, krome vyse
jizdného a souvisejicich sluzeb, vnimanim stavu zelezniCnich vozidel.

Vozidla znamenaji to podstatné pro kvalitu, dostupnost a spolehlivost dopravy
a jeji konkurenceschopnost.

Ale kromeé toho, ze se tento obor bude zameérovat na primeé pozadavky
cestujicich, na novou generaci vozidel budou kladeny i dalSi pozadavky:

- Zivotni prostfedi — bezpe&nost — kapacita - vice spolehlivosti a efektivity
v dopravé — interoperabilita

A TOTO VSE BUDE OVLIVNOVAT NOVA TECHNICKA RESENI



Key Issues and objectives

Resarch Ao referring to the SRRIA

Council

The priorities are:
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Offering more spacious travelling environment for passengers
Increasing vehicle operational reliability

Improving vehicle performance through enhanced braking and flexible coupling and by
addressing technologies for better accessibility in order to reduce dwell times.

Reducing vehicle life cycle costs (including procurement and retrofitting) through the
combined effect of simpler and more generic and standardised architectures (including
interfaces between train sub-systems), less energy consumption (e.g. more energy
efficient sub-systems, lighter vehicles and higher level of braking energy recovery),
cheaper and more agile certification processes and less maintenance costs.

Environmentally friendly rolling stock with special emphasis in the reduction of the
emission of noise and vibrations and mitigation of their impact.

Extending the benefits of LCC reduction to the infrastructure through the development of
track-friendly rolling stock technologies.

New paradigms for cost efficient freight rolling stock designs with improved capacity and
optimised weight and suitable functionalities for different types of freight.

Adapting/revisiting RS standards and norms to increase the competitiveness of the
railway transport system.



D/ " Klicova temata a cile z podledu SRRIA
(=Strategic Rail Research & Innovation
' Agenda)

Priority budouciho vyvoje:

R/
0’0

Vice prepravni kapacity, konkrétniho prostoru pro cestujici

R/
0’0

ZlepSeni provozni spolehlivosti

R/
0’0

ZlepSeni brzdnych vlastnosti, spfahovani s cilem minimalizovat ztratove Casy

Snizovani LCC (Life-cycle cost = naklady zivotniho cyklu) vozidel, nizSi spotfeba
energie, lehCi vozidla, efektivnéjSi proces jejich homologace

R/
0’0

R/
000

Snizovani emisi hluku a vibraci, vétsi ohled na zivotni prostredi

R/
0‘0

DalSi uzitek snizeni LCC vozidel i z pohledu infrastruktury

R/
0‘0

Nové koncepce nakladnich vozu pro ruzné druhy nakladl a vyssi uziteCné zatizeni

PfizpUsobeni a revize norem z oblasti vozidel, aby se zvySila konkurenceschopnost
dopravy po zeleznici

R/
0‘0
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"y State of the Art and ongoing research and
dvisor innovation within and outside rail

Shift2Rail IP1 is directly linked to rolling stock, and focuses on the design of reliable,
comfortable, affordable and accessible trains, in order to attract more passengers in the
future while reducing system costs and enhancing interoperability.

Shift2Rail IP5 is also linked to rolling stock, on wagon design and including new bogie
solutions, running gear for higher speed, lower noise, running stability, lower wear and
tear, intelligent safety sensors, disc brakes, power-pack and generator aiming at
reduced overall costs/high safety.

FP7 projects: CLEANER-D (2009-2013), EURAXLES (2010-2013), MARATHON (2011-
2014), TRIOTRAIN (2009-2013)...

H2020: ROLL2RAIL (2015-2017)

National Research: Austria (Projekt “eHybridlok), France (project “Mimosa” )

Outside of rail: New large gap electronic materials, Use of composite materials,
nanotechnologies, Alternative propulsion energy sources, Multi-senses vehicles, IT-
related developments



= Soucasny stav a budouci vyzkum
Advisor) a inovace v ramci oboru i mimo nej

Shift2Rail, Innovation Programe 1 (IP1) ... pfimé zaméreni na vozidla a vySe uvedené
oblasti (Rolling Stock)

Shift2Rail, Innovation Programe 5 (IP5) ... pfimé zaméreni na vozidla a vySe uvedené
oblasti (Freight — nakladni doprava)

FP7 projects: CLEANER-D (2009-2013), EURAXLES (2010-2013), MARATHON (2011-
2014), TRIOTRAIN (2009-2013)... (UDRZITELNOST)

H2020: ROLL2RAIL (2015-2017)

Narodni vyzkumné projekty / aktivity: Rakousko (Projekt “eHybridlok), Francie (project
“‘Mimosa” )

... a téz zaméreni mimo zelezni¢ni oblast. kompozity, nanotechnologie, zdroje energie,
IT a dalSi
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The Roadmap — per each priortity area:
challenge, - needs and recommendations

« Offering more spacious travelling environment for passengers:

Adaptive interiors configuration for different types of passengers (family activities,
mobile office and group travel) and constant evolution (time scale of week, season
and society) of the demand (Medium Term)

Improvement of interior acoustic comfort for passengers (Medium & Long term)

* Increasing vehicle operational reliability

New more reliable components and technologies (Medium &Long Term)
More reliable architectures for key sub-systems (Medium Term)

PHM (prognostic and health management) system (Short& Medium Term)
Research in condition-based maintenance regimes (Short& Medium Term)

« Improving vehicle performance
— Advanced braking (Medium &Long Term)
— Flexible coupling between consists (Medium &Long Term)
— Better accessibility to reduce dwell times (Medium &Long Term)



Roadmap - vyzvy, potreby, doporuceni
pro kazdou prioritni oblast

-
-

 Nabidka vice prostoru a pohodli pro cestujici pri jizdé:
— adaptivni interiéry (rodinny, mobilni kancelafr, skupinové cestovani) B

— variabilita, ergonomie, akustika (alternativni feSeni napf. v prabéhu tydne, pro
konkrétni prilezitost a vyuziti) B

— reSeni emisi hluku a vibraci B&C

« ZvySeni provozni spolehlivosti:
— komponenty a technologie B&C
— zakladni subsystémy vozidel B
— bezpecnost-zdravotni otazky A&B
— vyzkum-udrzba a opravy A&B

» Zlepseni vykonu / vlastnosti:
— brzdné vlastnosti B&C
— flexibilni spfahovaci ustroji B&C
— minimalizace ztratovych ¢asu B&C
A kratkodoby B  stfednédoby C  dlouhodoby termin/dkol



The Roadmap — per each priortity area:

e AN challenge, - needs and recommendations

Council

 Reducing vehicle life cycle costs (including procurement and
retrofitting) .

— Hybrid Traction: Multiple power sources including energy storage on-board
(Medium Term)

— EE Aukxiliaries - Optimisation and development of intelligent management auxiliaries
(Short Term)

— Future generation of power semi-conductors beyond SIC (Silicon carbide) e.g.
diamond (Long Term)

— Innovative Propulsion - Implementation of hydrogen fuel cell of RAMS/LCC incl. the
aspect of hydrogen production & storage (Long Term)

— Energy and Environment - environmental friendly and energy efficient HVAC (Short
and Medium Term)

- Environmentally friendly rolling stock with special emphasis in the
reduction of the emission of noise and vibrations and mitigation of their
impact:

— Improved prediction methods and design solutions to reduce aero acoustics noise
of high speed trains (Medium Term)

— Reduction of N&V annoyance towards exterior (Medium & Long term)

+ Extending the benefits of LCC reduction to the infrastructure through the
development of track-friendly rolling stock technologies. 10



| Roadmap — vyzvy, potieby, doporuceni
pro kazdou prioritni oblast

-
-

* Snizeni nakladu zivotniho cyklu (véetné zasobovani):
— pohony, hybridni trakce, zasobniky energie B
— pomocné pohony, optimalizace A
— dalSi generace polovodicu C
— nova generace pohont C
— efektivni a optimalni systemy HVAC A&B

« Zelezniéni vozidla Setrna k zivotnimu prostiedi, zvlastni diraz na snizeni
emisi hluku a vibraci a zmirnéni jejich vlivu na okoli:

— zlepSeni metod pro predvidani akustickych vlastnosti pro High Speed trains a
snizeni negativnich ucinku B
— snizeni negativniho vnimani téchto u€inkd okolim / spole€nosti  B&C

» Zajisténi positivniho vlivu snizeni LCC vozidel i na infrastrukturu.

A kratkodoby B stfednédoby C dlouhodoby termin/ukol

11
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, The Roadmap — per each priortity area:
dvisor) challenge, - needs and recommendations

 New paradigms for cost efficient freight rolling stock designs with
improved capacity and optimised weight and suitable functionalities for
different types of freight.

— General wagon issues - Modern wagon concepts with low noise, track friendly and
more reliable bogies. Increased speed capability with no increased track attrition.
Incentivisation of track friendly equipment (Medium Term)

— Freight and Urban Mobility: Interfaces and complementarities: New techniques and
vehicles for urban freight delivery (Medium & Long Term)

« Urban, Suburban and Regional

— Competitiveness and enabling technologies - innovative constituents increasing
RAMS whilst decreasing LCC (Short & Medium Term)

— Competitiveness and enabling technologies - Tram-train (Medium & Long Term)

— Competitiveness and enabling technologies - Innovative design, devices and
constituents (Medium & Long Term)

— Research in condition-based maintenance regimes (Short & Medium Term)

12
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| Roadmap — vyzvy, potieby, doporuceni
pro kazdou prioritni oblast

 Nové (nakladové/cenové vyhodné) koncepce nakladnich vozu s vyssi
kapacitou, optimalizovanou hmotnosti a uzitecnosti pro rizné druhy
nakladu:

vSeobecné vlastnosti — moderni koncepce, nizké hlukové emise, optimalni k
infrastrukture, vice spolehlivé podvozky, vysSi rychlost jizdy pfi souCasném
nezvySovani opotfebeni

otazka nakladni dopravy ve mestech — nova vozidla a technologie B&C

 Meéstska, priméstska a regionalni doprava

konkurenceschopnost, technologie — zlepSeni vlastnosti RAMS (=bezporuchovost,
pohotovost, udrZzovatelnost, bezpecnost) pfi sou¢asném snizovani LCC (=naklady
zivotniho cyklu) A&B

konkurenceschopnost, technologie — TRAM a zelezniCni provoz B&C
konkurenceschopnost, technologie — nové projekty, inovace, vybaveni, dily B&C
konkurenceschopnost, technologie — postup udrzby A&B

kratkodoby B stfednédoby C  dlouhodoby termin/ukol

13
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The Roadmap — per each priortity area:
challenge, - needs and recommendations

« Adapting/revisiting RS standards and norms to increase the
competitiveness of the railway transport system.

Energy and Environment - Eco-procurement specifications and harmonisation
(Medium Term) allowing e.g. for easier recycling of materials

Eco-design label for rolling stock - Based on key criteria covering significant
environmental aspects: Energy-CO2, Materials, Noise (Medium Term)

Pursuing virtualization of certification/homologation (Medium Term)

14




Roadmap - vyzvy, potreby, doporuceni
pro kazdou prioritni oblast

-
-

« Prizpusobeni a revize norem z oblasti vozidel, aby se zvysila
konkurenceschopnost zelezniéniho dopravniho systému:

— energie a zivotni prostfedi — aplikace / harmonizace pfedpist pro jednodussi
recyklovatelnost materialu B

— zavedeni ekologickych tfid pro zeleznicni vozidla — mely by se tykat zakladnich
vlastnosti ochrany Zivotniho prostredi: energetické otazky, CO2, materialy, hlukové
emise B

— vénovani pozornosti otazce virtualni certifikace / homologace B

A kratkodoby B stfednédoby C  dlouhodoby termin/ukol

15




Implementation Plan

Shift2Rail:
— Traction Systems
— Train Control and Monitoring System
— Carbody Shell
— Running Gear
— Brake Systems
— Doors and Access Systems
— Train Modularity In Use

Horizon 2020: expectations that additional H2020 funding will also be
allocated for Rail Rolling Stock Research

Other public funding programs

Private funding possibilities

16




Implementacni plan

Shift2Rail:

— trakce

— fidici a monitorovaci systémy vlaku
— hruba stavba

— pojezd

— brzdové systemy

— dvefe a prachody

— vyuziti modularity skupin

Horizon 2020: predpoklada se, ze dodatkové zdroje v ramci H2020 budou
také alokovany do vyzkumu v oboru Rolling Stock.

Dalsi programy podporované z verejnych zdroju

Moznost privatni podpory

17




_ Vizualizace Roadmap, prehled milniku
advisor a vysledku

Pripravenost / uroven reseni:

TRL 0: Idea, navrh, neovéfeno zkouskou TECh“OIOgy Readiness Levels

TRL 1: Zakladni vyzkum, bez experimentu

TRL 2: Formulovani konceptu a aplikace TRL 0: Idea. Unproven concept, no testing has been performed.

TRL 3: Aplikovany vyzkum, lab. zkougky TRL 1: Basic research, Principles postulated and observed but no experimental proof available.

TRL 4: Zhotoveni modelu prototypu TRL 2: Technology formulation. Concept and application have been formulated.

TRL 5: Zhotoveni (realného) prototypu TRL 3: Applied research. First laboratory tests completed; proof of concept.

TRL 6: Redlné zkousky prototypu TRL 4: Small scale prototype built in a laboratory environment ("ugly" prototype).

TRL 7: Prezentace v realnych podminkach TRL5: Large scale prototype tested in intended environment.

TRL 8: Pilotni komeréni nasazeni TRL 6: Prototype system tested in intended environment close to expected performance.

TRL 9: PIné& k dispozici zakazniktim TRL 7: Demonstration system operating in operational environment at pre-commercial scale.

TRL 8: First of a kind commercial system. Manufacturing issues solved.

4 5 6 8 TRL 9: Full commercial application, technology available for consumers.

18



_ Vizualizace Roadmap, prehled milniku
Advison a vysledku

AREA OF ACTION

Adaptive interiors configuration for different types of passengers
(family activities, mobile office and group travel) and constant

Offering more spacious travelling evolution (time scale of week, season and society) of the demand

environment for passengers

Improvement of interior acoustic comfort for passengers

New more reliable components and technologies

More reliable architectures for key
Increasing vehicle operational sub-systems

reliability PHM (prognostic and health
management) system

Research in condition-based
maintenance regimes

Prioritni oblasti / zaméreni aktivit:
*VVice prostoru pro cestujici pfi jizde TRL 2-3/4-5
«ZvysSeni provozni spolehlivosti TRL 4-5/6-8

2015 2020 2025 2030

2035

2040

2045

19




= Vizualizace Roadmap, prehled milniku
i) a vysledku

2015 2020 2025 2030 2035 2040 2045
| Advanced braking
Improving vehicle performance Flexible coupling between consists

Better accessibility to reduce dwell
times

EE Auxiliaries
: - Optimisation ~ :
¢ and development :
of intelligent

! management
Reducing vehicle life cycle costs auxiliaries

Prioritni oblasti / zaméreni aktivit:
«ZlepSeni vykonu, provedeni TRL 4-5
*Snizeni LCC vozidel TRL 4-5/6-8

20




Vizualizace Roadmap, prehled milniku
a vysledku

AREA OF ACTION

Environmentally friendly rolling
stock with special emphasis in
the reduction of the emission
of noise and vibrations and
mitigation of their impact

New paradigms for cost efficient
freight rolling stock designs
with improved capacity and
optimised weight and suitable
functionalities for different types
of freight.

Urban, suburban and regional

2015

2020 2025 2030 2035 2040 2045

Improved prediction methods and design
: solutions to reduce aero acoustics noise

of high speed trains

Reduction of N&V annoyance towards exterior

General wagon issues - Modern wagon
: concepts with low noise, track friendly

and more reliable bogies. Increased

speed capability with no increased track
; attrition. Incentivisation of track friendly

equipment

Freight and Urban Mobility: Interfaces and complementarities: New technigues and vehicles

for urban freight delivery

Competitiveness and enabling

technologies - innovative constituents
: increasing RAMS whilst decreasing LCC

Competitiveness and enabling technologies - Tram-train

Competitiveness and enabling technologies - Innovative design, devices and constituents

Research in condition-based
maintenance regimes

Prioritni oblasti / zaméreni aktivit:

«Zelezniéni vozidla s dirazem na snizeni emisi hluku a vibraci

TRL 4-5

*Nové koncepce nakladnich vozu pro rizné druhy nakladu, vyssi kapacita, optimalizovana

vlastni hmotnost
*Méstska, predméstska a regionalni doprava

TRL 4-5
TRL 2-3/4-5

21




o Vizualizace Roadmap, prehled milniku
Advison a vysledku

2015 2020 2025 2030 2035 2040 2045

Energy and Environment - Eco-
procurement specifications and
harmonisation

T e e Eco-design label for rolling stock -

and norms to increase the
competitiveness of the railway
transport system

Improving safety and security

Technology Readiness Level (TRL)

Based on key criteria covering
significant environmental aspects:
Energy-CO,, Materials, Noise

Pursuing virtualization of certification/
: homologation

Safety - Train collisions preventions and
. effects mitigation (active and passive

safety)

Safety — Enhanced vehicle preventive maintenance

2-3 4-5 [6-8

Prioritni oblasti / zaméreni aktivit:
*PfizpUusobeni a revize norem z oblasti vozidel, pro zvySeni konkurenceschopnost TRL 2-3
«ZlepSeni bezpec€nosti a zabezpeceni (ochrany) TRL 2-3



The EuropeanRail
Research Advisory
Council

Thank you for your attention!
See the full Roadmap

... hlavni myslenky z pfednasky pana Daniela Cadeta prezentoval:

Ing. Jifi Jelének
jelenek@vukv.cz
VUKV a.s.
Bucharova 1314/8, Stodulky
158 00 Praha 5
www.vukv.cz
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