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Executive Summary
The final goal of Mat4Rail’s Work Package 8 was to develop a virtual prototype of the innovative
driver’s cabin design concept. New stakeholder demands from manufacturers, operators, train personal
and passengers lead to new design challenges. Ongoing and accelerating technological advancements
towards the fully automated train operation (ATO) offers new possibilities for functional design for train
drivers and passengers alike.
Current train models were analysed in the field and driver cabins of complementary industries
(aviation, marine, automotive, machines, …) were evaluated. The different need structures of the four
main stakeholder groups were evaluated and ideas were developed to meet these needs and new
technological trends. The ideas were clustered formed into seven distinct concepts of driver desks. A
complex technical evaluation favoured three concepts. PIVOT decided upon two concepts which were
merged and detailed in 3D models. But PIVOT also shifted the target from focussing on the driver desk
to conceptualize the complete cabin as a whole. This raised complexity and made it necessary to
integrate the driver cabin as a part of the whole train concept, fitting it into the room design and seat
layout of the train. Design concepts of a flexible driver cabin including a multipurpose driver desk were
further advanced iteratively to finally meet the consortiums’ requirements.
The design freeze of the driver cabin was the starting point of the creation of a virtual prototype. As a
result, the two project partner in this WP, conceptualized and constructed a completely new train
model to showcase the innovative driver cabin and the two main cases offered by design: a driver mode
and a passenger mode, which can be changed rapidly and just in time. In the iterative process, the
virtual prototype was further enriched with details and specified towards a realistic train.
The presented deliverable explains the process of the iterative design process and the virtual prototype
development of this research and concept project. It is a brief document to accompany the virtual
prototype as such, that will be presented at the PIVOT, Mat4Rail, Roll2Rail and Fair Stations Final Event,
in Paris on the 17th of September.
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Need for the Deliverable
This deliverable summarises the design process and illustrates the main ideas and assets of the
conception work of the innovative drivers’ desk WP and explains the virtual prototype, its features and
technical functionalities. Even though the concepts were designed to be self-explaining according to
user experience design standards, an explanation is important to fully transport the considerations and
functionalities. Even though the 3D model of the virtual prototype itself will not be publicly available,
this document will transport the efforts done and the conceptualized ideas created. Highly qualitative
renderings of the different design aspects were created to illustrate how our WP contributes to the
goals of Mat4Rail and furthermore to support Shift2Rail’s efforts to create a saver, more innovative,
more satisfying and sustainable future of the European train sector.

Objectives of the Deliverable
The goal of this deliverable was to transform the final design concept into a virtual prototype 3D model.
The aligned goals with PIVOT included:








Develop an on-demand driver’s cabin that is ready for the upcoming stages of automated train
operation (GoA 2&3)
Reduce current driver cabin & desk layouts to a minimalistic but visionary part of the train
which is usable for operators and passengers alike
Create a very simple seat with a flexible layout concept which can be used in seated, standing
driving position, as well as for the passenger cabin
To neglect and go far beyond current standards and to combine and minimize newest
technologies and visionary ideas to suit future demands regarding human machine interfaces
and design
Create a modular environment which is designed for the needs of manufacturers, operators,
drivers and passengers
Include comfort interfaces: light, ambient light and ventilation

Outcomes




A highly innovative design concept addressing the aligned above-mentioned objectives:
o A very compact and on-demand drivers cabin with a multifunctional HMI tablet, a big
screen with state-of-the-art augmented reality dashboard and a head up display
o A simple yet comfortable seat layout concept which allows easy changing of seat
models
A virtual prototype of a train to show the design concept and the possibilities of passenger and
driver mode
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Iterative Design Process

The overall aim of WP8 was “to develop a driver’s stand design that combines a compact driver’s space
with an easily evolutive built-up seat and modularity of the equipment as well as the possibility to
integrate the desk on demand”.
The driver stand typically is a room, located in front and/or rear area of a train, that contains all the
controls to manoeuvre the train. To meet the aim of the project, field research was conducted within
the Austrian federal railways, where seven different train models were evaluated and deep insights
about layout and design were derived. The research was complemented by expert talks in the European
railway industry and operator. This was accompanied by a thorough trend analysis regarding materials,
ergonomics, future technologies and innovation in the global railway industry. Driver desks and cabins
in comparable industries, such as automotive, aviation, marine and operated machines, e.g. agriculture
or construction, were evaluated complementarily to gain a holistic knowledge base of the broad variety
of driver stands.
The findings were compiled into functional and design requirements which framed the focus fields:
compact driver’s space, evolutive design, modularity and flexibility, on demand and new spaces.
Another main topic was the foreseeable development towards automated train operation, or short
ATO. While there are 4 grades of automated train operation, it was defined by S2R JU / PIVOT that the
concept design of the innovative drivers’ cabin should enable GoA levels 2-3:


GoA 1 means manual train operation where a train driver controls starting and stopping,
operation of doors and handling of emergencies or sudden diversions.



GoA 2 is semi-automatic train operation (STO) where starting and stopping is automated, but
a driver operates the doors, drives the train if needed and handles emergencies.



GoA 3 is driverless train operation (DTO) where starting and stopping are automated but a
train attendant operates the doors and drives the train in case of emergencies.



GoA 4 is unattended train operation (UTO) where starting and stopping, operation of doors and
handling of emergencies are fully automated without any on-train staff.

New possibilities for new spaces emerge, when the drivers’ cabin is not continuously occupied by the
driver. The front or rear section (or both) of the train can be opened and used by passengers, offering a
unique experience due to the unhindered view on the tracks and the environment. Allowing passengers
in the drivers’ cabin demands for new solutions concerning safety, seats, controls and the HMIs needed
to manoeuvre the train and the access into the drivers’ cabin. PIVOT steered requirements towards a
flexible drivers’ cabin, which should therefore be regarded as an extension of the passenger cabin. It
should be closed which enables a “driving mode” where the driver can operate the train without and
distraction or disturbance, like in status quo (Grade of Automation 1).
Therefore, the development process starting with the driver desk scenarios are followed by the driver
cabin scenarios. With the functional and design requirements finally frozen, and ideation phase started
where numerous creative ideas were combined into a total of seven first driver desk design concepts,
as shown in Figure 1.
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Figure 1: Graph of the seven driver desk concepts created by Spirit Design

Two concepts (Design Concept No. 4.2.5 “Stowable Cabin Premium” and Design Concept No. 4.2.3
“Driver / Passenger Cabin Premium”) were chosen by technical analysis in a weighted decision matrix
and by PIVOT over the others because of their evolutive solutions and their technological approach.
WHEIGHTED DECISION MATRIX

CRITERIA

WEIGHTING

1st Place

3rd Place

2nd Place

CONCEPT 4.2.1

CONCEPT 4.2.2

CONCEPT 4.2.3

CONCEPT 4.2.4

CONCEPT 4.2.5

CONCEPT 4.2.6

CONCEPT 4.2.7

DRIVER/PASSENGER BASIC
CABIN

STORABLE CABIN

CABIN PREMIUM

COMPACT COCKPIT

STORABLE CABIN
PREMIUM

EXOSKELETON

CAPSULE POCKET

RATING

WEIGHTED

RATING

WEIGHTED

RATING

WEIGHTED

RATING

WEIGHTED

RATING

WEIGHTED

RATING

WEIGHTED

RATING

WEIGHTED
8

1. FEASABILITY/TECHNOLOGICAL RISK

4

5

20

5

20

4

16

4

16

4

16

3

12

2

2. MATERIAL/COMPONENTS COSTS

4

4

16

3

12

5

20

3

12

2

8

3

12

1

3. DEVELOPMENT COSTS

4

4

16

4

16

5

20

4

16

3

12

3

12

2

8

4. TECHNOLOGY READINESS LEVEL (TRL)

3

5

15

4

12

3

9

4

12

4

12

2

6

4

12

5. TIME TO MARKET / DEVELOPMENT TIME

3

5

15

4

12

3

9

3

9

3

9

2

6

1

3

6. COMPLEXITY/MODULARITY

1

2

2

2

2

4

4

3

3

3

3

5

5

1

1

7. MAINTAINANCE COSTS

1

4

4

4

4

5

5

3

3

3

3

2

2

1

1

8. FUTURE-PROOF/EVOLUTIVE

4

1

4

2

8

4

16

4

16

4

16

4

16

5

20

9. RELIABILITY

3

5

15

4

12

3

9

4

12

3

9

2

6

3

9

10. REUSEABILITY/FUNCTIONALITY

4

1

4

1

4

4

16

1

4

4

16

1

4

1

4

11. INNOVATION

1

1

1

2

2

4

4

5

5

5

5

5

5

5

12. REMOVABILITY/ DECONSTRUCTION

1

1

1

3

3

5

5

4

4

4

4

4

4

5

5

13. HUMAN FACTORS / ERGONOMICS

3

3

9

4

12

5

15

4

12

5

15

2

6

4

12

14. COMFORT

2

4

8

3

6

5

10

5

10

5

10

2

4

3

6

15. CUSTOMER EXPERIENCE

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

TOTAL

46

131

46

126

61

160

53

136

54

140

42

102

40

100

% Total Points reached

61%

67%

61%

65%

81%

82%

71%

70%

72%

72%

56%

52%

53%

51%

MANUFACTURER

25

84

22

74

24

78

21

68

19

60

18

53

11

36

RAIL OPERATOR

13

29

16

33

25

55

21

44

23

53

18

37

20

44

TRAIN DRIVER

7

17

7

18

10

25

9

22

10

25

4

10

7

18

PASSENGER

1

1

1

1

2

2

2

2

2

2

2

2

2

2

4

5

Figure 2: Criteria matrix to evaluate seven design concepts done by Spirit Design

In the following section, the selected driver desk concepts were further developed and expanded to
driver cabin concepts. The iterative design process between SPIRIT and S2R JU / PIVOT is shown and
explained, starting with the two favoured design concepts 4.2.5 & 4.2.3.
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1.1 Design Concept No. 4.2.5 “Stowable Cabin Premium”
The Design Concept No. 4.2.5 “Stowable Cabin Premium” is
a highly modular system relying on a system of rails on the
floor, which enable highly flexible positioning of driver seat
and second seat. The seats also work as a leaning stool
when the driver wants to operate in a standing position.
The human machine interfaces, or train driver control
stack, rests on a movable folding table, which can also be
moved along the rail system.
A big screen in the front of the train can be used to display
driver-relevant content for HMIs, like CCTV pictures,
information about the train or the upcoming route, when in
driving mode.
When the driver cabin is in “passenger mode”, which
means that the train is driving automatically (or semiautomatically), the glass door can be opened easily, the
seats and the HMI folding table can be folded away and Figure 3: Concept 4.2.5 in driving mode
parked at the corners of the room seamlessly by the train
operation staff.
The floor rail system also allows alternative set-ups, like for a conference as shown in Error! Reference
source not found. a bench and table to make the driver cabin room even more attractive for
passengers in different scenarios.

Figure 5: Concept 4.2.5 in passenger mode, with stowed
HMIs and seats

Figure 4: Concept 4.2.5 in conference set up
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1.2 Design Concept No. 4.2.3 “Driver / Passenger Cabin Premium”
The second design concept which was elaborated because of the technical analysis and the selection of
PIVOT is the Driver/Passenger Cabin premium.

This design concept utilises a premium cabin seat
couple as a basis. All the necessary train driving
equipment can be stowed in the centre armrest
between the two seats. When in driving mode, the
HMIs are released and can be placed in front,
enabled by an identification system, as shown in
Figure 6. The control dashboard with a small
additional screen, buttons and levers is extended.
This modular build up follows the idea, that front
row seats can be first or premium class for luxury
passengers. The seat also allows turning and lying
position for drivers and passengers alike to enjoy
moments of relaxation, as shown in Figure 7

Figure 6: Concept 4.2.3 in driving mode

The rail system in the floor allows seats to be
turned
and
repositioned
as
needed.
Communication modules are integrated into the
headrest, so hands free communication with 3D
sound can be realised. As in the design concept
4.2.5, the big screen in the very front of the cabin
can be used for driver and passenger content as
needed. Also, the glass door allows easy access
when needed.

Figure 7: Concept 4.2.3 in passenger mode
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1.3 Design Concept No. 4.3 “Merger of 4.2.3 & 4.2.5“
At Mat4Rail’s General Assembly meeting in Sweden in September 2018, the idea was born to merge the
advantages of 4.2.3 and 4.2.5, to create the next evolution, the “Stowable Driver & Passenger Premium
Cabin” concept.
The premium seat like applied in the aircraft industry combines the comfort of the premium seat from
Design Concept No. 4.2.5 “Stowable Cabin Premium” while it can be folded and stored away easily and
completely, like the seat used in Design Concept No. 4.2.3 “Driver / Passenger Cabin Premium”. A total
of six independently adjustable seat elements with cushions enable all ergonomic adaptions as needed.
As in Design Concept No. 4.2.3 the HMIs and controls are fold- and storable which is important once the
cabin is in passenger mode. Different seat configurations in passenger and driving mode give this design
concept great flexibility.
The big screen and the glass door and floor rail system are also found in this design concept, since they
enable high levels of modularity and adaptability.

Figure 8: Concept 4.3 in driving mode

Figure 9: Concept 4.3 in passenger mode face to face

Figure 10: Concept 4.3 in a single person relaxation
set-up

Figure 11: Concept 4.3 with stowed cabin elements
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1.4 Design Concept No. 5 “Stowable controls and simple seat“
After the feedback from PIVOT on the Design Concept No. 4.3 “Merger of 4.2.3 & 4.2.5“, a new design
concept was developed incorporating new demands and ideas, stating that first or premium class seats
in the driver cabin won’t be feasible due to low number of units and social aspects.
A more minimalistic and simpler seat was developed. It is based on a standard passenger train seat
which was placed into the new concept, which meets abovementioned demand especially when it
comes to development- and unit costs. This driver seat is placed on a module which includes a damper
and mechanics which allow adjustment of the seat, like leaning, turning or small lateral movements.
Furthermore, this seat set-up takes into account that the lines of sight, from the driver onto the track is
guaranteed. When not needed by a driver, the seats can be used by passengers as shown in Figure 15.
Corresponding to the new seat, a concept for the storable HMI controls was further developed. The
control stack consists of two independently adjustable armrests with integrated buttons, switches and
levers. Additionally, a small folding table and an integrated screen can be extended in front of the
driver. All three elements can be independently hinged away (see Figure 14) and locked safely behind a
sliding beneath the big screen, which makes it more save regarding vandalism or any other form of
unwanted action. The control stack can be folded up once the sliding door is opened and positioned
along the front side of the driver cabin, as the driver needs it. This lateral positioning can be seen when
comparing Figure 12 and Figure 13.
Based on feedback of S2R JU / PIVOT, the complex floor bound rail system from 4.3 was simplified.
That’s why only two parallel rails allow lateral moving of the seats, while the module beneath the seat
shell allows more positions, as explained in the paragraph above.

Figure 12: Concept 5 in driving mode

Figure 13: Concept 5 with seat in leaning position

Figure 14: Concept 5 depicting the stowable HMI controls

Figure 15: Concept 5 in passenger mode

Based on further feedback of S2R JU / PIVOT, the glass door was enlarged to create a large passage
between the passenger cabin and the driver cabin when opened. To further increase passenger comfort
in this section of the train, additional benches were placed in the design concept as seen in all Figures.
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1.5 Final Design Concept No. 6
After Design Concept No. 5 “Stowable controls and simple seat“ was evaluated by S2R JU / PIVOT the
set of requirements was adapted the last time. A new seat was requested that should be more couchlike, therefore SPIRIT developed as a simple and minimalistic seat that could define a new standard. The
same seat concept is applied in the passenger room with cantilever mounting.
Through one curved floor rail, two seats in
the driver cabin can be moved from bench
to driver’s position easily. A lifting
mechanism allows the positioning of the
optimal driver position allowing unhindered
line of sight for people of all heights.

Vitality sensors

Another novelty is the integration of vitality
sensors in the dashboard. This was
implemented to deliver a new and
innovative solution to the Deadman’s
switch, which is usually located on the
footrest. The vitality sensors observe the
driver, his vital status as well as stress and
emotional levels.

Drivers
position
Bench
position

Another
innovative
approach
was
developed for the HMI controls. The
amount of controls and HMIs was
minimized, and all necessary controls are
condensed into one tablet, which is carried
by the driver. When needed to step into
service, the driver enters the drivers’ cabin
Figure 16: Design Concept No. 6 - view from above
and activates the ‘driver mode’ through his
appearance and the system recognition of the tablet. As soon as tablet is in the room and approaching
the front end of the driver cabin, an automatically moving robotic arm finds the position of the tablet
and attaches from beneath, giving it a firm holding position. This robotic arm can be seen in Figure 17.
This final design concept was approved by S2R JU /
PIVOT and further elaborated in the virtual
prototype.

Figure 17: Design Concept No. 6 - automatic robotic arm to
hold control tablet
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Virtual Prototype

The virtual prototype of WP6 innovative plug & play systems is the second part of the final output of
the Mat4Rail project. It was conceptualized and constructed in an iterative design process where
requirements from the S2R JU / PIVOT were incorporated.
The goal of the virtual prototype was to create a 3D model of the cabin illustrating all the features and
innovative design concepts developed within WP8 Innovative Driver’s Cabin. SPIRIT was also
responsible for the virtual prototype of WP6 Innovative plug & play system. The plan was developed to
integrate both final design concepts into one common virtual prototype. This procedure was approved
by S2R JU / PIVOT and Mat4Rail partners. Therefore, an existing train model from the partners of S2R
JU / PIVOT should have been adapted to integrate both design developments of WP6 & WP8, but there
were problems with the provided data (see Figure 18). After some attempts to receive and compile 3D
Data from PIVOT, or to use existing train data from the S2R partner Bombardier, it was decided by
SPIRIT, INDAT and Mat4Rail coordinators to build up a completely new train model for the virtual
prototype demonstrator.

Figure 18: Provided train model

A neutral train model was conceptualized and created in coordination with PIVOT, which is a hybrid
between a commuter train and an inter-regional train. On overview of the virtual prototype of the
interior design concepts WP6 und WP8 is shown in Figure 19. It consists of two carriages (waggons),
each having a driver cabin at the end/front. Both carriages are connected with a linkage element. To
give it a realistic appealing, several train interieur elements and modules were designed additionally to
the design concepts of WP6 and WP8.

Figure 19: Overview virtual prototype

The interior of the train was designed to give it a realistic appearance, however it does not meet the
complexity of a real train model, as agreed with M4R & S2R JU / PIVOT. Following elements were
created in a separate iterative design process, in order to satisfy the high requirements of design:




A complete passenger cabin with windows and wall, floor and ceiling elements, consisting of an
inner and an outer shell
Seats and benches, derived and further elaborated from the chosen Design Concept No. 6
Tables for seating groups
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Ceiling-mounted handrails
Doors with windows including push buttons
Room dividers in the door areas
Linkage element between the wagons

Following interior elements were designed to give the driver cabin a realistic feeling:





A complete driver cabin room with front and side windows and wall, floor and ceiling elements
A Head Up Display
Air ventilation outlets
Indirect and ambient lighting

2.1 Design details & Security
As described in Section 1, the goal of WP8 was to propose an innovative driver’s stand, which is suitable
for the ongoing development towards an automated train operation. The design is intended for GoA
Levels 2 & 3.
The driver cabin was designed to be completely separated from the passenger area with an opaque
glass door, which prevents passengers from spotting the driver’s location from outside. The door is
planned to be constructed of highly robust multi-layered glass material with durable guide rails and
hinges to prevent people from entering the driver cabin unauthorised, or to prevent damage inside the
cabin caused by an explosion outside the driver cabin. The concept foresees that only the driver is able
to open or close this door. The secure opening/closing procedures have to be defined in upcoming
stages of development in PIVOT II.
The virtual prototype was designed to showcase examples of functionalities which are enabled once
trains can manoeuvre and be operated partially autonomous. In this situation, the attention of the
driver will not be needed constantly. That is why two scenarios for the driver cabin from S2R PIVOT will
emerge: “driver mode” and “passenger mode”. The driver cabin in “passenger mode” offers an
extension of the passenger cabin, where people can enter the driver cabin. Therefore, the opaque glass
door can be unlocked, opened and folded away completely.
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Figure 20: Passenger mode with glass door open

The seats inside the driver cabin are placed in two benches on both sides inviting people to relax shortly
or stay and travel on their commuting ride for a longer period of time. One large and two smaller
windows are facing in the front and two more on the sides offer unhindered view to all sides to enjoy
the travel in the unique view.

Figure 21: Driver cabin in passenger mode

Ambient lights can influence human emotion positively. Below the screen, an ambient light was placed
to give the room a nice feeling. Passenger needs addressed in WP6 will also be present in the driver
cabin of the future. That’s why USB charging tiles and light tiles were also integrated into the driver
cabin. The big screen in the front section of the cabin can be configured with any contents. For the
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purpose of this virtual prototype, a big panoramic picture was chosen to illustrate the size and possible
offerings displayed on the screen.
Once the attention of a driver is required, the drivers’ cabin can be brought into “driving mode”. This is
showcased in the opposite driver cabin virtual prototype 3D model. To illustrate the transformation of
the driver cabin, three positions of the driver (glass person), the chair and the robotic arm are included
in the virtual prototype file.

Figure 22: Driver cabin initiating driver mode

Once the attention of the driver is required by the semi-automated train, a clear procedure needs to be
in place to quickly accomplish a passenger-free cabin, ready for the driver to engage. This should be
done by the train operating system itself, supported through e.g. visual and audio signals clearly stating
the order to leave the driver cabin, allowing the driver to close the door. In the future case, when only
one person of train personnel is on the train “one-person-operation”, additional safety measures need
to be in place, to ensure that the driver can operate the train in “driver mode” in a safe way. In this
case, we would recommend the same procedure as mentioned in the next paragraph. This issue needs
to be further investigated, which is planned to happen in Shift2Rail PIVOT II.
Once driving mode is initiated by the operator, the passengers leave the cabin and the opaque glass
doors automatically close and hinder passengers from entering. The two front facing seats in the driver
cabin are hinged on a rail system. The floor-bound rail system, which allows the seat to move to the
driver position, has a mechanism, which hides chasm. Therefore it is ensured, that people cannot
stumble. The driver seat automatically moves along the rail, slightly lifts itself, turns and positions itself
in front of the dashboard. The robotic three-joint arm below the dashboard appears when the driver
approaches with the HMI tablet. It locates the location of tablet and places itself beneath the tablet to
fixate it firmly. From this moment on, the driver can control the train via the tablet.
The passenger content disappears and information for the driver shows: Weather information for the
planned track, technical information about the train & track and multiple cameras, etc.
The driving procedure of the train was designed to be controlled through the HMI tablet, which is
always to be carried by the train driver. Without the connection to the “robotic arm” in the driver’s
cabin, the tablet would only serve the basic required functions of opening/closing doors and emergency
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breaking of the train. A high security identification procedure of the driver to active the HMI Tablet is
implemented to avoid passengers from using the HMI tablet of the driver or another tablet.
Communication tools for the driver to communicate with passengers in the whole train, inside and
outside of the driver cabin need to be in place to assure save operation and the possibility to command
passengers in cases of emergency.
With the HMI tablet, information can easily be changed and adapted to the specific needs of the driver
in the situation. The HMI tablet itself is designed to be highly adaptable to the preferences of the driver,
offering many configurable nobs and a big touch screen. In the training position, the second chair is
brought to the front to give a bench set up.

Figure 23: Driver cabin in trainer mode

According to the defined goals with S2R JU / PIVOT, the driver stand was designed to be suitable for
GoA level 2 & 3. Nevertheless, GoA level 4 or ‘unattended train operation (UTO)’ can be implemented
with the presented modular & evolutive virtual prototype, where starting and stopping, operation of
doors and handling of emergencies are fully automated without any on-train staff. In this case, the glass
door can completely be eliminated, as well as the robotic arm behind the display. The head-up display
can be eliminated and a new floor plan for the passenger seats can be implemented, to exploit the
available space most efficiently and accommodate more passengers. WP aims were fulfilled regarding
modularity. Seats and the control tablet can easily be changed in recurring regular refurbishment
phases achieving high levels of flexibility and evolutiveness.

2.1.1 Fire Safety
Material choice is highly sensitive, because safety of train driver and passengers always has highest
priority, especially in the case of fire, smoke and toxicity (FST). EU regulation 1302/2014 places
requirements on the fire protection of rail vehicles in passenger transport. Specified by the technical
specification for the interoperability of the subsystem "Vehicles - Locomotives and Passenger Cars" of
the rail system of the European Union (short: TSI LOC & PAS). Further information on technical
specifications for interoperability can be found at the European Union Agency for Railways (ERA).
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The entry into force of TSI LOC & PAS clearly regulates that in order to fulfil fire protection in rail
vehicles, all products and components installed in vehicles must comply with the normative
requirements of EN 45545-2 by 01.01.2018 at the latest (See EU 1302/2014, section 4.2.10.2.1.).
Apart from defined standards regarding choice of materials, for all elements in the driver’s cabin
including screen, seats, sensors, etc., following additional factors need to be regarded during
engineering phase: blast & bullet proof durability, strength, wash ability, graffiti resistance, ...
Our design foresees air vents, which in case of a fire/smoke can be used to ventilate the room. Once the
design concept is elaborated through engineering, all standards and rules regarding materials need to
be applied.

2.1.2 Statics & crash safety
Once the design concept is elaborated through engineering, the statics of the concept need to be
verified and possibly adapted. To prepare this process, the wall thicknesses of the virtual prototype
were defined with 3-4 mm, which is common in train industry. Electric components are safely hidden
behind strong layers of material. Additionally, the virtual prototype was designed with a crash zone at
each end of the train.

2.2 Technical Details
The measures of the train were derived from the existing design concept of WP8 and verified through
research on existing trains.
The virtual prototype was built with the software CATIA V5-6R2017 (Release 27) by Dassault Systems.
The data exchange format was STEP 214. The design is structured by using a skeleton model. That
means to define all planes, e.g. middle of the train, position of doors and windows, dividers etc. Then
sketches which have influence on different parts were drawn in the skeleton model. For example, a
window is a single part, but the window is cut out of the shell. Therefore, the sketch with the measures
of the window is used more than once and is duplicated. The model was also built up as a parametric
design structure, so that changes can be done without many complications. For instance, all bodies
were copied as resulting from a link to the single parts.
It was decided, that all bodies are built in the skeleton part, which together are the master model. To
make the rendering process easier, an assembly was built up too. The aim was to unite all bodies with
the same material, so that material properties can be assigned faster. That’s why, for example, the
seats were made out of up to 7 different parts: the upper, middle and lower shell, the seat cushion, the
supporting leg and the armrest, to be able to assign different material settings to each part.
The final step file of the complete train has 515 MB without the mannequins.
The development of the virtual prototype was done in several iterative design and rendering loops.
After the first renderings, new details were added, dimensions changed, and layout updated. Finally,
several rendering loops were necessary to reach the expected quality level.

3

Final Presentation (SPIRIT)

The virtual prototype will be presented to PIVOT, Mat4Rail, Run2Rail and Fair Stations joint final event
that will take place on the 17th of September 2019 in Paris. There a presentation of renderings
showcasing the virtual prototype of WP6 & WP8 will be presented, as well as the CAD model.
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