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FACME_3-WP13: Powertrain Components for Future Rail Vehicles
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Contents of Work Package 3-WP13 Powertrain Components for Future Rail Vehicles

Main Goal of the WP

>

>

Find the optimal amount, production technology and processing for using ecological fibers of replacing glass and carbon
fibers in the composite hollow shaft used in the driving bogie of railway vehicles with final lower environmental impact.

We see the use of Energy-Tender for traction rail vehicles as a possibility of using electric traction vehicles for operation
on non-electrified lines, which, for example, make up about 2/3 of railway lines in the Czech Republic. Assessing the
possibility of using an Energy-Tender for modernized traction electric vehicles of the 2nd generation (equipped as part
of ETCS modernization) on regional non-electrified lines, determining the energy need, driving range and train mobility
on non-electrified lines.

The use of a shift two-stage gearbox in the design of the electric drive of wheelset will allow better use of the efficiency
of the traction electric motor. It will reduce traction energy consumption, CO, emissions and noise. Another benefit is
the reduction of dynamic effects in the wheelset drive and thus the extension of the service life and LCC cycle of the
gearbox. To assess the suitability of use for light rail vehicles for regional transport and for metro units.

Shortening the time between concept research and application of an innovative product on the market (time-to-market,
TTM) by about 20% by using the accumulated experience from previous solutions and early elimination of development
dead ends in its initial phase.
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Contents of Work Package 3-WP13 Powertrain Components for Future Rail Vehicles

Partial Goals for the Current Period

> Design several construction variants of connections (inserts for axisymmetric parts used in two-wheel drive) for which
generic CAD models and simplified submodels were created for numerical optimization of lifetime calculations. Reduce
the price of composite parts and increase the possibilities of their recycling. In the first phase, simplified numerical
simulations based on the FEM principle in combination with parametric optimization were created for the individual
submodels, with the aim of determining the most suitable geometry (composite and insert) as well as the composite
composition of the laminate (number of layers, orientation of the main fiber directions, combination of materials).

> In the first phase of the research of the Energy - Tender, a partial goal was to conduct a search in the world of used
solutions, to establish its basic vehicle concept, driving arrangement and to define the basic technical parameters of
the vehicle. Implement of a basic driving cycle simulation on a suitable regional non-electrified railway line.

> In the first phase of the research on two-stage shiftable axle gearboxes, assess possible energy savings during the
start-up of BEMU light rail vehicles with a shiftable gearbox by means of a simulation calculation and analyze the
design solution of a two-stage shiftable axle gearbox.
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Contents of Work Package 3-WP 13 Powertrain Components for Future Rail Vehicles

3-WP13: Powertrain Components for Future Rail Vehicles

Official 3-WP13 Deliverables:

Main Goal

e 3-WP13-003 | Composite shaft modified structure: application of new eco-friendly materials
for fibers ,G; ., (UWB RTI 0.25 + VUT 0.25 + VZUP 0.25 + CompoTech 0.25)
TN 02000054/003-V/54

Other goal

e 3-WP13-001 | Energy —Tender model for the use of a traction rail vehicle on non-electrified

railway lines ,O, (FME CTU 0.3 + UWB RTI 0.3 + BUT 0.1 + VZUP 0.1 + STRN 0.25)
TN 02000054/003-V/52

e 3-WP13-002 | Research on the use of shift two-stage gearbox of a light rail vehicle for

regional transport ,0, (FME CTU 1.0)
TN 02000054/003-V53
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-001: Energy —Tender model for the use of a traction rail vehicle
on non-electrified railway lines

e research processing in the world of used solutions of the Energy-Tender

e Analysis of the possibility of using Energy - Tender with regard to the of the drive vehicles structure of
carriers in the Czech Republic and a study of electrification and the gradual transition to a 25kV/50 Hz
traction power supply

e Analysis of the possibility of operational handling of the Energy-Tender wagon

e« Assessment of the design concept of the Energy — Tender car = consultation with Ing. Spalek (STRN )
on the basic concept of Energy — Tender = platform container car with ISO 20 container modules (Aku,
H,, hydrogen cells)

LI

Manipulation of hydrogen energy tender in end terminal rail station

Ordinary bogie flat wagon Sgnss 60
Hydrogen energy tender concept for electric locomotives
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-001: Energy —Tender model for the use of a traction rail vehicle
on non-electrified railway lines

e Mathematical model of train set driving - the parametric model respects the performance
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3-WP13-001: Energy —Tender model for the use of a traction rail vehicle
on non-electrified railway lines

Palivové Elénky Zasobniky s vodikem

mevemennss ||| occeemmony
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Klasifikace kontejnert acc. 1ISO 668 1CC

Rozméry (L x W x W) 6.058 x 2438 x 2.591 mm
Hmotnost (GROSS) 28.380 kg

Objem vody 15.272 L

Medium Stlaceny vodik (H2) UN 1049
Max. pracovni tlak 300 Bar

Max. objem plynu 350 kg

Cummins hydrogen fuel cells used in
Valcové ventily ruéni/elektrické oviadani (volitelné) Coradia iLint trains.

Certified 1SO Hydrogen container MEGC 92 x 166 | Source: Cummins
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-002: Research on the use of shift two-stage gearbox of a light rail vehicle
for regional transport

« research into the efficiency map of AC traction motors
« design of the step-up of the adjustable front two-stage gearbox for the regional LKV — BEMU

« creation of a simplified program for calculating the driving cycle of a regional light rail vehicle
with a shiftable axle gearboxs

. presentatlon of simulation results at the |nternat|onal conference ProRail 2023 — Zilina Slowakia

osti elektromoto

Torque and power characteristics
of the traction motor,
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

F[kN]

3-WP13-002: Research on the use of shift two-stage gearbox of a light rail vehicle
for regional transport Zavislost trakéniho pfikonu a vykonu vozidla BEMU na rychlosti jizdy
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Current prodiems in rail veticles - PRORAIL 2023
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PRINOSY VYUZITI DVOUSTUPNOVYCH RADITELNYCH PREVODOVEK

3-WP13-002: Research on the use of shift two-stage gearbox “== sz

BENEFITS OF USING TWO-STAGE SHIFTING AXLE-GEARBOX
IN LIGHT RAIL VEHICLES WITH ELECTRIC POWER TRANSMISSION

of a light rail vehicle for regional transport e
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-003: Composite shaft modified structure: application of new eco-friendly materials
for fibers

= analysis of basic technical properties of new ecological materials for hollow composite shaft
= analysis of sub-models of structural connection steel flange - hollow composite shaft

= created generic CAD models and simplified sub-models for numerical optimizations and optimizations
determining the most suitable geometry (composite and insert) as well as the composition of the

laminate composite (number of layers, orientation of the main fiber directions, combination of
materials)

= in the first phase of the research, models of submodels of the steel flange — hollow composite shaft
connection were created for simplified numerical simulations based on the FEM principle
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-003: Composite shaft modified structure: application of new eco-friendly materials
for fibers

analysis of basic technical properties of new ecological materials for hollow composite shaft

...... :‘f_l‘::;\~ Primarily elected
.~ candidates

A sample of the comparison of the basic mechanical
parameters of natural fibers against the most commonly
used conventional fiber (GFRP - type E-glass) incl. their
normal ranges
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3-WP13-003: Composite shaft modified structure application of new eco-friendly materials
for fibers

A sub-model that uses the winding of the
shaft fibers on the pin elements of the
insert, which, due to their distribution,
enable the threaded connection of the insert
and the flange, while at the same time
ensuring unwanted relative movements
through glued and screwed connections

A sample of the first sub-
model that uses a glued
joint at the shaft-to-flange
interface

A sub-model that utilizes winding shaft fibers onto
cylindrical flange elements using Compotech's
manufacturing technology

A submodel that combines winding the shaft
_=threads onto the pin flange elements and opening
the flange segments with a taper insert using a

threaded connection

A sub-model that combines a glued joint at the shaft-
flange interface and the opening of the flange
segments by means of a conical insert using a
threaded connection

Examples of flange connection and hollow composite shaft submodels

T = o g2 Compotech i A -
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Activities in 3-WP13 Powertrain Components for Future Rail Vehicles

3-WP13-003: Composite shaft modified structure: application of new eco-friendly materials
for fibers

MKP models of flange connection and hollow composite shaft
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Fulfillment of goals and deliverables of 3-WP13 Powertrain Components for Future Rail Vehicles

Current State of Deliverables and Fulfillment of Goals

e 3-WP13-001 | Energy —Tender model for the use of a traction rail vehicle on non-electrified
railway lines, O, VI./2026, FME CTU 0.3 + UWB RTI 0.3 + BUT 0.1 + VZUP 0.1 + STRN 0.25
— in progress & no major delays:
— a basic analysis of the conceptual solution of the wagon Energy-Tender was carried out
— the selection and analysis of the technical parameters of suitable components for the Energy-Tender is underway

— simulation calculations of train run are underway to determine the traction power and energy capacity of the
Energy-Tender

e 3-WP13-002 | Research on the use of shift two-stage gearbox of a light rail vehicle for
regional transport, O, VI./2026, CTU FME 1.0

— in progress:
- the effectiveness of AC traction motors with a power of 150 to 250 kW was investigated
- the design of the gear ratios of the switchable two-speed gearbox for the regional LKV — BEMU 70 was carried out

- a calculation program was created for the analysis of the driving cycle of a regional light rail vehicle with
a shiftable axle gearbox.
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Fulfillment of goals and deliverables of 3-WP13 Powertrain Components for Future Rail Vehicles

Current State of Deliverables and Fulfillment of Goals

e 3-WP13-003 | Composite shaft modified structure: application of new eco-friendly materials
for fibers, Grunc , VI./2026, (UWB RTI 0.25 + VUT 0.25 + VZUP 0.25 + CompoTech 0.25)

— in progress & no major delays:
— suitable ecological materials were selected
— in cooperation with the company Compotech, an analysis of the appropriate design of the connection of steel
flanges and ecological composite hollow shaft is underway
— strength calculations of the designed submodels of steel flange joints and ecological composite hollow shafts are in
progress
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Fulfillment of goals and deliverables of 3-WP13 Powertrain Components for Future Rail Vehicles

List of Due Deliverables and Their Added Value

e 3-WP13-001 - the use of Energy-Tender for currently operated electric locomotives (2nd and 3rd
generation) and electric units would enable the gradual withdrawal of old diesel locomotives from
operation on non-electrified lines and thereby reduce emissions (CO2, noise, smoke,...) and reduce the
number drive rail vehicles.

o 3-WP13-002 - the use of two-speed shiftable axle gearbox in new four-axle light rail vehicles with
individual wheelset drive with a power of 150 to 250 kW/wheelset can, with the right mode of electric
drive, enable savings in operating costs and traction energy.

e 3-WP13-003 - research into new eco-materials for composite elements used in wheelset drives and in
bogies of rail vehicles can lead to a reduction in their weight and a reduction in the cost of recycling these
composite products.

The solution of project tasks enabled the employment of young students and PhD students and strengthened
the scientific cooperation between RO (U12 120 CVUT FSI, VTI WBU, VUT) and industrial partners (Skoda
Group, Compotech) and to carry out contract research. The partlal knowledge gained contributes to
increasing competitiveness and the possibility of further development and cooperation of the RO and
industry. In this way, VUKV, Skoda Group and Compotech will contribute to the sustainability of investments
and the application of new products on the world market.

TN02000054 | * . SSSSSSS @SKODA .m Page 17 | [ > fmesilvr  foition VP%ZIE! ¥ ©mrh 72 DP 3-WP 13 Josef KOLAR, FME CTU in Prague




W STROJNI Programme National Competence Centres

Bozek Vehicle Engineering National Center of Competence
FAKULTA Colloquium Bozek 2023 — BOVENAC 31. 10. 2023, CVUM Roztoky

CVUT V PRAZE

Current contribution of 3-WP13 Powertrain Components for Future Rail Vehicles

Assessment of the Contribution of Deliverables

The research activities carried out should contribute to improving the efficiency and expanding the
utility properties of the dependent traction railway vehicles.

They contribute to the expansion of knowledge about new ways of drive rail vehicles, their and
experimental testing of dynamic behavior and vehicle reliability/lifetime.

New findings and outputs can be applied in the design of new bogies and alternative drives for new rail
vehicles, e.g. at Skoda Group, Compotech and others.

The knowledge gained is regularly presented at professional conferences.
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Current contribution of 3-WP13 Powertrain Components for Future Rail Vehicles

Assessment of the Formal/Administrative Goals of the Work Package

We assume that the use of allocated funds, the commercialization of research, and the fulfillment
of contractual research will be fulfilled by all partners participating in the implementation of 3-WP13
during the years 2023-2026.
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Vytah z praci 2023-2025 na 3-WP13 Komponenty hnaciho Ustroji pro budouci kolejova vozidla — dosazeno
v roce 2023

3-WP13-001 (0) (C"]/UTFS 0.3+ ZCURTI 0.3 + VUT FSI 0.1 + VZUP 0.1 + STRN 0.25) Termin: 1.6.2026
Model energetického tendru pro hnaci elektricka vozidla na neelektrifikovanych tratich B -

Programme National Competence Centres

LiPo baterie Palivové &Elénky Zasobniky s vodikem
e L I |
i
Koncept energetického tendru (H, + Aku) pro elektrickou lokomotivu Certifikovany 1SO kontejner pro vodik - MEGC 92 x 166 |

Vodikovy palivovy ¢lanek Cummins hydrogen z jednotky Coradia iLint.
3—-WP13-002 (0) (FS CWT 1.0) Termin: 1.6.2026

Vyzkum vyuZiti dvoustupriovych raditelnych prevodovek u lehkych 3-WP13 - 003 (0) (ZCU RTI 0.25 + BUT FSI 0.25 + VZUP 0.25 + CompoTech 0.25)

kolejovych vozidel pro regionalni dopravu Struktura kompozitni hfidele: pouZiti novych ekologickych materiali Termin: 1.6.2026
Significant improvement in TM pro vilakna

/ efficiency utilization

Trakéni istikgffvozidia s individual pohonem

pEmEs e

P T BN

Uéinnost trakéntho motoru [%]

 Submodel, ktery kombinuje navijeni vidken
hridele na kolikové elementy priruby a
rozevireni segmentii priruby pomoci kuzelového
insertu za vyuZiti zavitového spojent

Zdroj obrazku:
https://mww.zf.com/produc
ts/en/rail/products_64372.
html

&0 7
Rychlost jizdy [km/h 1

Prabéh vyuziti ucinnosti trakénich motorti pii posuzovanych rezimech — L3, L4 and L5 MKP model spojeni priruby a duté
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Results of 3-WP13 Powertrain Components for Future Rail Vehicles — Achieved 2023-2025

Programme National Competence Centres

3-WP13-001 (O) (FMECTU 0.3 + UWB RTI 0.3 + BUT 0.1 + VZUP 0.1 + STRN 0.25) Project deadline: 1.6.2026
Energy —Tender model for the use of a traction rail vehicle on non-electrified railway lines o ' e
LiPo bnhorlo Palivové &Elénky Zasobniky s vodikem 'N“ ’. T
| == el i e N"ﬁ
e8| 00 |SEs 3
e I mE e
Energy tender (Hydrogen + Aku) concept for electric locomotives Certified 1SO Hydrogen container MEGC 92 x 166 |
3 - WP13 - 002 (O) (FME CTU ]0) Project deadline: 1.6.2026 Cummins hydrogen fuel cells used in Coradia iLint trains.
Research on the use of shift two-stage gearbox of a light rail vehicle

for regional transport

3-WP13-003 (0) (UWB RTI 0.25 + VUT 0.25 + VZUP 0.25 + CompoTech 0.25)

Composite shaft modified structure: application of new Project deadlline: 1.6.2026
eco-friendly materials for fibers

Significantimprovement in TM
efficiency utilization

idla s individuainim pohonem jkoli -1° a 2° pi

......... F e S SWNIRE, W —

2]

A submodel that combines
winding the shaft threads onto

== the pin flange elements and
opening the flange segments
with a taper insert using a
threaded connection

(innost trakéniho motoru

Source of figure:
a0 https://mww.zf.com/products/
en/rail/products_64372.html

Courses of efficiency of traction motors in the assessed modes — L3, L4 and L5 MKP models of flange connection and hollow composite shaft
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