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1 Executive Summary

In work package 7 (WP 7), the Transport Unit (TU) is developed under technical aspects. Functional
and securityrelevant requirements and framework conditionseaderived and expanded based

on previous WR For three use cases (UC), these requirements are specified in more detail and
transferred into technical concepts of the TU, its interfaces and an operating system. One focus is
on secure and efficient movemewithin the Pod system.

The size of the proposed TU corresponds to standardised 10 ft and 20 ft containers, whereby a
smaller unit, the 5 ft container with a length of 1500 mealso introduced. Th€arrier Unit (CU)

for road transportshould have adading area of 10 fand 25 ft forthe CU for rail transportTo

define the main TU layout, floor plans were created. For estimating the weight and energy balance,
main components were listed and analysed. As the HVAC unit is expected to be the largest
consumer in the TU, a simulation model was built up to estimate the battery capacity. The
investigations have shown that carrying the entire capacity in the TU is not valid due to the
enormous weight, which would make handling the TU more difficult and thiesyless efficient.

Only a part of the capacity should be carried that is sufficient to supply all systems of the TU while
it is not coupled to the CU, for example, during the transshipment of the TU.

To defineall TUinterfaces, possible technical saions are first collatedevaluated and the most
suitable solution is identified by using evaluation matrices. These are then combined with the
works in chapter 5 to create an overall CAD model. Because the new Pod system is expected to
cover several applations in coexistence with already existing infrastructure, it is suggested to use
standardised systems, also to achieve rapid technology readiness. It is thesefjgestedhat
interfaces and dimensions are compatible with existing 1ISO containersh&dransshipment
processand the interfaces towards the CU and storage systems, handling (@ittonomous)

forklift systems show advantages in compatibility and efficiekoy.communicationneeds the
transmission of signals and data should be done waglso that every related uniCUand TU

are able to interact with the developed operation system.

The paradigm of using existing standards also applies for the software applications ensuring a
smooth planning, dispatching and management of the Podsaimns including endustomer
integration via the suggested mobility management platform. The concepthfuture Pods
Operations Management System is developed and presented. An assessment of existing and
upcoming technologies and their integratioasbeen performed to enable the highest efficiency

of the overall systemTlhe work has shown that compatibility with existing systems brings major
advantages in terms of market acceptance and the coexistence of different systems. At the same
time, howeverthis also results in restrictions of flexibility and the introduction of new, potentially
more efficient technologies. Furthermore, the results are based on some assumptions, which must
be elaborated in the following WPEhese are, for example, safetypasts or the dimensioning of

the CU, whiclshould complywith the proposed TU concept, for an overall system efficiency.

Pods4Rail i GA 101121853 1|167
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2 Abbreviations and acronyms

Abbreviation / Acronym Description

5G Fifth-generationtechnologystandard for cellular networks
6G Skth-generationtechnologystandard for cellular networks
AC Alternating Current
ACEA 1 3a20A10A2y RS& / 2yaidNdHzGSd

OdzNRB LISFHY ' dzi2Y20AfS al ydzFI {
Al Artificial Intelligence
ALICE Alliance for Logistics Innovati through Collaboration in

Europe
API Application Programming Interface
APO Automated Pods Operation
ATO Automatic Train Operation
BTMS Battery Thermal Management System
CAPEX Capital Expenditure (investment costs)
CCS Command and Control System
CICD Continuous Integration / Continuous Deployment (pipeline)
COM Coupling of Media
COP Coefficient of Performance
CuU Carrier Unit

A RailCU: Carrier Unit for rail transport
A RoadCuU: Carrier Unit for road transport

GV2X Cellular network(s), in contextith vehicleto-everything
DC Direct Current
DevOps Development / Operations (IT System Administration)
DMPS Digital Maintenance Planning System (FA3)
DSRC Dedicated ShorRange Communication(s)
ECM Electrical Coupling Method(s)
ECU Electronic Contsl Unit(s)
EE Electric and Electronic
EK Expert Knowledge
EMI Electromagnetic Interference
ERA European Union Agency for Railways
ERTMS European Rail Traffic Management System
ETCS European Train Control System
ESA European Space Agency
EU EuropeanJnion
EUSPA European Union Agency for the Space Programme
EV Electric Vehicle(s)
FAX CflF3IaKALI ' NBI E 09dz2NRPLISQa w
FAKRA Facharbeitskreis Automobil

Pods4Rail i GA 101121853
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FPx Cfl3aKALI t N22SOG E 09 daNP LISQ

GA Grant Agreement (of the Pods4Rail project)

GNSS GlobalNavigation Satellite Systems

GoA Grade of Automation

GPS Global Positioning System

HL Hazard Level

HPC High-Performance Computing

HS Handling System

HVAC Heating, Ventilation and Air Conditioning

HVIL High Voltage Interlocking system

HZ HandlingZone

IAMS Intelligent Asset Management System (FA3)

ICE Internal Combustion Engine

ID Identification number

IEEE Institute of Electrical and Electronics Engineers

I/0O Input/output

loT Internet of Things

IP 2 Innovation Programme 2 (Infrastructuref $hift2Rail

IT Information Technology

IXL Interlocking (railway system)

LFP Lithiumlron-Phosphate

LTO LithiumTitaniumOxide

MaaS Mobility-as-a-service

MAC Media Access Control

MAWP Multi Annual Work Programme

MCM Mechanical Coupling Method

ML Mainline (railways)

MMP Mobility Management Platform

MPG Main Product Group

MSC Maritime Safety Committee

NFR Non-Functional Requirement(s)

oC Operation Category

OCORA Open Control Command and Signalling Onboard Reference
Architecture

OoP OperatingPoint

OPEX Operational Expenditure (operational costs)

OPPL Operations and Planning

OTA Overthe-Air

Pl Physical Internet

PIS Passenger Information System(s) or Service(s)

POMS Pods Operations Management System

PRM People with reduced mobility

Pods4Rail i GA 101121853
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RAMS Reliability, Availability, Maintainability, Security
RBD Relative Braking Distance
RBPI RoadBased Physical Internet
RC Receiving Carrier Unit
RCA Reference Control Command and Signalling Architecture
RDT Requirement Direct Transshipment
RF Rado Frequency
RFLS Requirement Forklift System
RGEN Requirement General
RILD Requirement Integrated Lifting Device
RIM Rail Infrastructure Manager(s)
RZ Receiving Zone
S2R Shift2Rail Programme (Horizon 2020)
SA Storage Area
SC Supply Carrier lt
SCIOP Signalling and Control InterfacegOperational Plan (RCA)
SCM Signal Coupling Method(s)
SDK software development kit
SDV Software Defined Vehicle
SDVoF SoftwareDefined Vehicle of the Future
SotA Stateof-the-Art
SWOT Strengths, WeaknesseOpportunities, Threats (analysis)
SZ Supply Zone
T2T Trainto-Train
T7.1,T7.2,T7.3 Task 7.1, Task 7.2, Task 7.3 as part of WP 7
TA Transshipment Area
TCBM Thermal Car Body Model
TCR Temporary Capacity Restriction(s) (of the rail network)
TCS Train Control System
TD2.x Technical Demonstrator x of the IP 2 in Shift2Rail
TS Transshipment Scenario
TSI Technical Specification for Interoperability
TSI OPE Technical Specification(s) for Interoperability on Operations
TSO Transport Service Operai@)
TT Requirement TU to TU Interface
TU Transport Unit (also known as vessel)
ucC Use Case
UITP International Association of Public Transport
V2li Vehicle to Infrastructure
V2N Vehicle to Network(s)
V2P Vehicle to Pedestrian
V2V Vehicle to Vehie

Pods4Rail i GA 101121853
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V2X Vehicle to Everything
VC Virtual Coupling
VCTS Virtually Coupled Train Sets
Wi-Fi Wireless Fidelity
WP Work package
WTB Wire Train Bus
XiXo Checkin Checlout

Remark regarding the termautonomousand automated:

Within Pods4Rail the aimtis develop a concept for a fully autonomous Pod system. Within this
Deliverable, the terms automated (according to GoA 4) and autonomous (according to GoA 5)
are both used.

Pods4Rail i GA 101121853 5|167
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3 Background

¢CKS LINBaSyid R20dzySyid O2yaidAiddzzsa t K2 R5 SRRAGSN
framework of the Flagship Area 7, project Pods4Rail as described in tRAEWAWP. The work

carried out in this task is linked to a knowledge exchange with FP4 WP 5 and WP 18 and the FP6
WP 5 especially to the propulsion archit@® and other system elements like for example HVAC.

¢tKS 5StAPSNIoOES 571 dwm g)\um\y 2t 1 O2yllAy&da 0K
LINP LR AT F2NJ 0KS @Sa éfa GOKILIISNI p G6AGKAY I
Ay (S NFKIFAOSEENI 6c0 éAGK?\y GKA&d 5StAOBSNIoO6fSO I yR
32a0SY¢ OOKIFLIWISNI 1T 6A0GKAY (GKA& 5SftAOSNIOGfSOP

document.

This WP summarizes the fundamental work done in WPs 2, 3 andh éfads4Rail project to
provide the technical framework for the design concept of Tgas well as the communication
platform for the operation of specific passenger and freight applications, which will be further
detailed in WP 8 and WP 9. For these #melHandling System (HS) design (WP 13) as well as the
RaitCU design (WP 14), this WP 7 provides important boundary conditions.

Pods4Rail i GA 101121853 6167
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4 QObjective/Aim

This document has been prepared to proviadirst concept proposal for the Pod system as a
general objectie of WP 7 consisting of the TU, the interfaces towards the CU and towards the
surroundings as well as the operation system for the Pods. Due to various focusses of the concept
proposal in each chapter, this document shows different detail levels of thengtoncept
developments. Also, meanwhile some chapters are more focussing on railway domains, others are
more focussing on road technologies. This is meant to combine promising technologies of both
domains and implement them into one overall Pod syst@&he given concept proposal in this
document has to be seen as suggestions based on the research done within this project, therefore,
additional concept ideas or technologies solutions can also be chosen on a later project phase.

The mainobjective of Task7.1 (see chapter 5) is the proposal of a technical concept for the TU,
which will be supplemented by a ZDADmodel (of the TU) for a passenger transport UC. For this
purpose, relevant design decisions will be made, including the TU size for differenflose,plan

for the passenger transport UC as well as the weight and energy balance of the propesed TU
design. Furthermore, possible emergency cases and service and maintenance of the TU are
discussed.

Theaim of Task 7.Zsee chapter 6) is to define drdesign the relevant interfaces. Building on the
work of Task 7.1 and the overall layout, the requirements for each interface are first collated and
then supplemented with further and more specific requirements as the project progresses. The
aim is to translate these requirements into specifications, which are then implemented in the CAD
model. The derived CAD model serves as a basic preparatory work for the following WgP
overall packaging of the F@nd its interfaces (WP 8 and WP 9) can be detaifeat the work of

Task 7.2. Furthermore, the aim is to have defined the required and most suitable interfaces
(mechanical, electrical, communication) to the CU and the Handling System (HS), including their
requirements and the possible arrangement confafions, by the end of the task. This is essential
preliminary work for the development of the HS (WP 13) and the@ai(WP 14).

The following concept proposal, asain objective of Task 7.3see chapter 7)is intended to
provide a concept of a fully éammated supermodalFods4Rail D2.1, 20p4nobility system for
passengers and goods which is sustainable, collaborative, interconnected, digitimamd,
standardized, scalable and suitable for several transport modes with focus on rail. Such systems
allow higher flexibility through supermodality, building on the concept of considering mobility as

a service (MaaS) and utilizing the existing infrastructure. Hence, it becomes imperative to consider
various aspects of necessary modifications. Such aspextsracial for ensuring full deployment

of the system.

To embed the resulting concept in the research and development landscape, we take a closer look
at the operational processes that are influenced by such a Pod solution and derive
recommendations for &mn, specify the operational processes in more detail and define the new
subcomponents required for this and those to be modified. The first relevant step here is to focus
on the reference architectures that are already implemented in the System PdlanisTend, we

Pods4Rail i GA 101121853 71167
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will provide an overview of RCA and OCORA and the processes already defined here and explain
how these relate to the Pod concept. As already described in D4.4 (cf. Figure 31), the railway
infrastructure will not be examined in more detailtime context of the project, but the focus will

be on the onboard system, so we will focus on OCORA in the more detailed analysis and not take
a closer look at RCA in this context. As we are pursuing a-@oosain approach, we would at

least like to takea look outside the box for the system specification and examine the automotive
area and the systemelevant Stateof-the-Art (SotA). An important point to mention here is the
Software Defined Vehicle (SDV) Architecture in the automotive domain. Finallyjlmagldress

the aspect of automation and high automation by considering the findings of existing work and
also the ongoing research work from the EURail context (especially R2DATO) and the publications
of EULYNX in order to provide requirements for tireovative concept.

Pods4Rail i GA 101121853 81167
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5 Concept proposal for the Transport Unit

This chapter describes the fundamental work done in WPs 2, 3 and 4 to provide the framework for
the technical concepts and operational scenarios for specific passenger and freight applications
WP 8.

There will be no specific methodology covering all technical and operational requirements, but
recursive measurements can be applied for some conceptual options.

5.1 Definitions and Purpose

The term "purpose" refers to the goal or reason behind stiing's existence or action. It
describes the intent or aim of an activity, object, or organization, indicating what is intended to be
achieved or why something was created.

Following four UC will be considered for WBa&ed on the preliminary descriptis in WP 2 and
WP 4(for UC descriptions see WP 4, D4.1):
A UC 1: Basic public passenger transport (<&Q)(passengers, <30 km,-30 minutes, economy
class)
A UC 2: Premium Passenger Public Transport-g8§ passengers, <30 km,-30 minutes, business
class)
A UC 8: PRM application-@passengers, loading devices/equipment, <5 km on road)
A UC 18: Cargo application with 10 ft and 20 ft Container

5.1.1 Purpose of Passenger Transport

Pod systems represent a cuttieglge solution in rail transportation, leveragimutomation and
specialised infrastructure to enhance mobility. Understanding the purpose of these systems
requires a closer look at their technical components and functionalfiassenger transport refers

to the movement of individuals from one place another, typically measured in passenger
kilometres which is calculated by multiplying the distance travelled by the number of passengers
in the vehicle(Schipper, 2003)

Pre-assumptions for the passenger TU to provide sewi
TU & RaHCU and Infrastructure Technology
TU & RaHCU:Pods are small, electric vehicles designed to transport a few to several passengers.

They are typically constructed from lightweight yet durable materials to maximise energy
efficiency and sa&fy. The design of these TU can vary based on capacity and intended use (see WP

Pods4Rail i GA 101121853 9|167
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4), but they generally focus on providing a smooth, reliable ride.

Infrastructure TechnologyThe infrastructure for Pod systems is tailored to meet the demands of
rail vehicés but also connected modes like road or cable cars. There are primarily two types of
track systems:
Branch linesA single rail supports the Pod, often installed above ground. No high demand
on passenger transport and limited entrance to poor platformasfructure. There will no
charging availability and limited availabilitytlé§
Frequent lineswith connection to main networks: Two parallel tracks guide the Pods in
both directions. This setup generally offers increased stability and higher capacity for
handling more passengers. Stations with decent capacityH§f electrical charging
infrastructure will be available.

Automation and Control

Control SystemsPod systems rely on sophisticated compthesed control systems to manage
operations and thérandling of TU & Ra@U (see WP 2). This includes:
Vehicle ControlSpeed and routing of the Pods are regulated by a central control system.
Advanced algorithms optimize scheduling and ensure safe distances between Pods,
enhancing overall efficiency.

Communication: Pods are connected through a communication network that enablestiraal
data transfer between vehicles and the central control unit. This includes wireless technologies for
continuous monitoring and system management.

Navigation Systems:

Vaious navigation technologies guide Pods along their designated routes, including:
Active Sensors for autonomous drivinRaHCU are equipped with Lidar, optical and Radar.
GPS or atborn transmission of information 5G Technology is available at thedak with
stable transmission. Tunnels are not considered.
Optical Guidanc¥ hLIJGAOFf &aSyaz2Na GNFY Ol (KS t2RQa
precise navigation.

Energy Supply and Efficiency
Energy SourceTU & RailCU are typically powered eleatally, with several methods for
energy supply:
Conventional SystemdEnergy is transmitted via catenary, third rail or equivalent system
to the RaHCU vehicles.
Onboard Batteries and Charging StationBUJ and RaiCU use onboard batteries, which
are rectarged at designated stations or via mobile TU char@idg
Energy EfficiencyDue to their smaller size and automated operation, Pods generally
consume less energy compared to larger trains. Eneffygient motors and optimized
vehicle design contributeotlower overall energy consumption.

Pods4Rail i GA 101121853 10| 167
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Safety and Emergency Systems
Collision AvoidanceAutomated collision avoidance systems are integral to autonomous
Pod operations. These systems utilise sensors and cameras to detect other Pods and
potential obstaclesadjusting speeds and routes to prevent collisions.
Emergency Protocolstn case of emergencies, such as system malfunctions or power
failures, safety protocols are in place (see WP 3). These may include automatic braking,
emergency evacuation procedures)cathe ability to return to the nearest station. Many
systems are designed to ensure continued safe operation even during power outages.

Onboard observationDuring traveling the TU will be observed by optical system,CCTV. In
terms of emergency autaatic instructions will be transmitted to TU passengers.

Infrastructure and Integration:
Stations: Pod stations are designed to efficiently handle passenger flow, with dedicated
boarding and alighting areas. These stations are often integrated with irexist
transportation hubs to enhance connectivity and streamline passenger transfers. Stations
are providingHSto move the TU from mode A to mode B.
Maintenance and UpkeepMaintenance of Pod systems involves regular inspections
(automatic detection systengnd servicing according to a detailed maintenance schedule.
Modular components allow for easy replacement and repair, minimizing downtime and
operational costs. Maintenance will be done in depots for TU and@ail

Comfort & individuality:

Comfort in TJ encompasses following aspects:
Seating:Ergonomically designed, cushioned seats with ample legroom for standard TU.
Individually spaces for passengers without disruption by other passengers or services
should be provided in a premium class TU or compartin
Climate Control: Efficient heating and cooling systems in operation and also during
detached handling of TU to other modes of transport.
Hygiene:Regular cleaning and availability must be granted during operation. Automatic
observation of hygienictsiation via optical sensors should be applied. 5 ft TU will be used
as sanitary unit too.
Amenities:Free WiFi, power outlets, and onboard working options should be provided for
every TU.
Service onboardThere will be no personal onboard services for bend U.
Accessibility:For stops with no availability of HS a 5 ft TU will provide an entrance door
system (one or both sides) in order to get passengers onboard. Furthermore, corridor TU
(5 ft dimension) should provide access to other TU. (see configarpossibilities)
Easy accedor passengers with disabilities (PRM) in dedicated areas.
Quiet Zones: Areas for relaxation and reduced noise. TU will provide different
compartmentsfor specific UC (see WP 4).
These elements work together to ensure a [@aat and enjoyable travel experience,
addressing passenger needs and enhancing overall satisfaction.

Pods4Rail i GA 101121853 11| 167
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Tablel: Dimensions 5 ft container@Mechanic International, 2024)

Outside dimensions (LxXWxH) 2200 x 1600 x 2260 mm
Inside dimensions (LXWxH) 2049 x 1512 x 2062 mm
Door clearance (WxH) 2106 x 1948 mm
Weight 650 kg

Maximum payload 3350 kg

Volume 6.40 m3

TU capacity and versatile design

On average, there are about 1 to 1.7 people per(Bareau of Transportation Statistics, 2024)

This number can vary depending on the region, type of vehicle, and specific circumstances:

For railway systems this capacity will also vary considering the geographical location and specific
2YRAGAZ2YA O0GAYSGIofSY GNIyaLRNI O2yySOitAzyax
Single Occupancy {2 passengers)in many Western countries, particularly in the U.S. and
Europe, a significant number of people drive alone, which lowers the average. Therefore, TU will
be designedo provide for single transport capsules (5 ft long TU) as well as there are mostly just

a few passengers having the same destination and pick up location.

Group Travel (212 passengers)For group travel trips the TU have to be designed foreno
passengers, the number can be higher, for specific functions. Configurations of TU considers 5 ft,
10 ft and 20 ft units, depending on the UC (see WP 4).

Virtual-pooling: In certain regions or during peak times, the transport demand can be higher due

t2 S@SyiGa tA1S F22Go0ltt 3IIYSST SERUPUsTW;xge> S
configuration possibilities) can couple virtually (without using mechanical connection or
interfaces) to enhance the capacity of the railway network.

The estimate obccupation rate represents a general average for daily travels, reflecting typical
train usage across various scenarios.

Interoperability design with other modes of transport (supermodality)in mobility,
supermodality reflects how the value or efficienafya transportation system increases as more
elements are added to an already wetinnected network. For example, adding a new subway

line to a central transit hub provides greater benefits compared to adding it to a less connected
area. Similarly, expamtg a bikesharing network in a densely used area yields higher utilization

and efficiency compared to a less frequented region. In autonomous vehicle fleets, adding more
vehicles enhances coordination and efficiency more in a densely covered area. dllysehe

added value from improvements grows with the strength of existing connections.

¢tKS ¢! aral Sa op FiX mn FOGX wn FGo Ydzald FAG G2
as the HS and depot.

5.1.2 Purpose of Freight Transport

A freightPod, or cargo Pod, is a specialised, modular container system designed for efficient cargo
transport. The main question will the optimization of capacity vs. standardised containers design.

Pods4Rail i GA 101121853 12| 167
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Design and Structure
Modularity: Freight TU come in two sizes ft@nd 20 ft) to accommodate different types
and amounts of cargo. Their modular design allows easy adaptation to various transport
needs. Freight TU will be defined as conventional container according to ISO 668 can be
also used for overseas transpoftS0668, 2020)
Materials: They are usually made from durable, higlfoyed steel, or advanced materials
to ensure strength and longevity while keeping the weight low.
Dimension: Most freight Pods are rectangular or cubic, whielimizes space efficiency
and allows for easy stacking. The geometry / dimension will be defined as follow: see table
below

Table2: Dimension of containers

Measures Dimension 10 ft 20 ft
Length [mm] 3010 6060
External Width [mm] 2440 2440
Height [mm] 2590 2590
Length [mm] 2660 5710
Internal Width [mm] 2350 2350
Height [mm] 2380 2380

Technological Features
Automation: TU are equipped with automation systems that facilitate transport and
handling. This includes sensdos monitoring load volume and security.
Communication:TU feature communication systems for réiahe tracking and monitoring
of the cargo. Technologies like GPS and RFID should commonly be used to track the location
and condition of the shipment.
Climat Control/HVAC:Some TU should include climate/ HVAC control systems to transport
temperature-sensitive goods like food or pharmaceuticals safely.
Access and Security Features
Access PointgFreight TU typically have one or more access doors or hatcheadgioading and
unloading. These doors are usually secure and lockable to protect the cargo. It is intended to load
and unload the TH while mounted on the RaW.
Security MeasuresThe freight TU security features might include locks, surveillanceresrend
alarm systems to safeguard the cargo from theft and damage.
Integration and Use
RailCU or other modes of transporfreight TU are often used on specialized transport vehicles
or systems, such as rail cars, automated delivery vehicles, cablayar in highbay warehouses.
Infrastructure: Freight TU are designed for use in modern logistgres warehouses, and port
facilities, where they can be efficiently transferred between different modes of transport.
Overall, freight Pods are engineer to make cargo transport more efficient, secure, and
adaptable, enhancing logistics and supply chain operatidhs. results of this section should

Pods4Rail i GA 101121853 13| 167
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determine the relevant knovhow for the definition of basic assumptions for the following

chapters in WP .8

5.2 Configuration of Transport Units

Here we will set the possible configuration options for the placement on the CU. The methodology
will follow on a functional level based on the purpose of application. E.g., for passenger transport
a passenger transpounit (equal TU). The purpose of the UC can be fulfilled by the possible
variations of the units. There are also a variety of possible configurations that should be evaluated
in a later phase (see WP he maximum loading space see chapter 5.3 (i.e. R(Ftir the
Pods4Rail project following dimensionsTiable3 for the different TU variants were defined.

Table3: TU variant overview and measurements

Measures Dimension

External Length [mm]
Width [mm]
Height [mm]
Internal Length [mm]
Width [mm]

Height [mm]

5 ft
Carge
TU

1500
2440
2590
1410
2350
2380

10 ft ISG

Container

3010
2440
2590
2660
2350
2380

20 ft ISQ
Container

6060
2440
2590
5710
2350
2380

5 ft
Passenger
TU

1500
2440
2590
1360
2300
2200

10 ft 20 ft
Passenger Passenger
TU TU

3010 6060

2440 2440

2590 2590

2870 5920

2300 2300

2200 2200

According to theTable 3, the physical dimensions for each TU variants regarding the outer
dimensions and gauging dimensions inahgdwall thicknesses will be shownRigurel.

5 ft TU measurements

10 ft TU measurements

20 ft TU measurements

/ Rear View Side View \ / Rear View Side View \ / Rear View Side View \
2440 _ 1500 5 L 2440 _ 8010 _ - < 2440 _ - 6060 - 2
.80 _ 80 a0 80 & R -80S
¥ |y o N | i i
by LI [ i A ol . i i
g8l 5° 8 385 8 22 10 '8 88 10° s 25 20" 22 § 20 3
Nvm“ F‘ Nvm“ ' N,Nl '—r N.,Nv ,-' V! 'y L '
' 00 * ' so0 ! oL 6060 -
.80 ___.80 <80
i i
i 5 i 10 20°
' '
Top View Top View Top View
N AN AN /
Figurel: Measurements of TU variants with Side View, Rear View and Top View
Pods4Rail i GA 101121853 14| 167
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5.2.1 Transport Units for passenger transport

Function: Transport of passengers

ConfigurationA) 1x5 ft Entrance/Exit Unit, 2x10 ft Passenger Unit (long version) with windows
ConfigurationB) 1x5 ft Entrance/Exit Unit, 1x10 ft Passenger Unit (long version) with windows,
1x5 ft sanitary unit, 1x5 ft Passenger Unit (short version)

Confguration C)1x5 ft Entrance/Exit Unit, 3x5 ft Passenger Unit (short version) with windows,
1x5 ft sanitary unit

Configuration D)Lx5 ft Entrance/Exit Unit, 3x5 ft Passenger Unit (short version) with windows,
1x5 ft PRM unit

Figure2 highlights the abovenentioned configurations A as possible R&llU load caseés seen
in the picture, several combinations are possible. The passengers can walk through the Pod by
using gangways between the TU in the directionratél.

Configuration A Configuration B

Configuration C Configuration D

Figure2: Exemplary TU configurations on the R&U for passenger transport

5.2.2 Transport Units for freight transport

The main function for freightinits are single use freight (such parcel services) with the
dimensions corresponding to 1ISO 668. Also, multiple use configurations are possible with freight
units (such as passenger transport and parcel service on the samEiQUig3 shows exemplary

Pods4Rail i GA 101121853 15| 167
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TU configurations on the R&IU for freight transport.

Configuration single use Configuration multiple use

Figure4: Exemplary TU configurations on the R&U for freight transport

5.3 Architecture

The following chapter aims to configure the variants into a functional Pod architecture. These can
be applied by using a variant matrix including configuration units and relevant components.

As a result, each variant has a specific configuration withnibeessary components (see EN
15380).

5.3.1 Variant matrix for use cases UC 1, UC 2, UC 8, UC 18 and
configuration of Main Product Groups

Following structure of Main Product Groups (MPG) will be considered for the TU (10 ft and 20 ft)
and basis for further degn stages. The requirements for each MPG were defined in WP 4 Task
4.4,

UC1,UC2and UCS8

This MPG structure encompasses UC 1 (basic public transport), UC 2 (premium public transport)
and UC 8 (PRM transport) in order to determine relevant componient$U. It will also feature

MPG which are not located in TU. For better comparability, the system for railway applications
(DIN EN 1538Q:2006) was used.

Pods4Rail i GA 101121853 16| 167
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Table4: Variant matrix of MPG in TU and R&l oriented towardgDIN EN 15380-2:2006)

MPG of TU (Variant 10 ft and 20 ft)}to be | MPG of CU (out of scope in WP 7)
considered here

B Vehicle body E Running gear
C Vehicle fitting out F Power system, drive unit
D Interior appointments G Control aparatus for train operations

H Auxiliary operating equipment
J Monitoring and safety equipment
K Lighting

L Air conditioning

M Ancillary operating equipment

N Doors, entrances

P Information facilities
Q Pneumatic/hydraulic equipment
R Brak
S Vehicle linkage devices
T Carrier systems, enclosures
U Electrical wiring

The 5 ft TU will meet special requirements to allow entry and exit into the Pod system when there
is no platform or HS (on the infrastructure). It can also be used asit@gannit or additional
luggage compartment for tourist applications (see combined load UC 18 WP 4).

Table5: Variant matrix of MPG in 5 ft TU (entrance unit, sanitary, others) oriented towaidiN
EN1538062:2006)

MPG of TU (Variant 5 f§) to be considered here
B Vehicle body

C Vehicle fitting out

D Interior appointments

H Auxiliary operating equipment

J Monitoring and safety equipment
K Lighting

M Ancillary operating equipment

N Doors, entances

P Information facilities

S Vehicle linkage devices

T Carrier systems, enclosures

U Electrical wiring

Pods4Rail i GA 101121853 17|167
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The UC 18 (Freight / Cargo Transport) will use two TU sizes (10 ft and 20 ft). Since the TU are not
intended to carry passengers, the desigrl wonsider different MPG values. For some special
cargo cases, there will also be additional equipment on board to ensure constant climate
conditions for the cargo (e.qg. refrigeration of medicines or food).

Table6: Variant matrixof MPG in 5 ft TU (entrance unit, sanitary, others) oriented towal(@N
EN 1538€2:2006)

MPG of Cargo TU (Variant 10 ft and 20dt) | MPG of CU (out of scope in WP 7)
to be considered here

B Vehicle body E Running gear
C Vaicle fitting out F Power system, drive unit
L Air conditioning G Control apparatus for train operations

H Auxiliary operating equipment
J Monitoring and safety equipment
K Lighting
M Ancillary operating equipment

N Doors, entrances

Q Pneumatidiydraulic equipment
R Brake
S Vehicle linkage devices
T Carrier systems, enclosures
U Electrical wiring

5.3.2 Design, Geometry and Clearance configuration

The Pod system will generally adhere to UIC dimensions, although branch lines and private
railwvays have different dimensional profiles. Due to the versatile operational configuration of
different TU (length 5 ft, 10 ft, 20 ft) there will also be no separation between passenger and freight
transport or between the UC itself. In general, it is notedt Pod CU can accommodate and
transport different loads at the same tim@JIC5051, 10ed)

During the expansion of the routes to Central Europe, it is emphasised that a height of 4830 mm
enables the transport of sentiailers with a height of 4500 mm and recommends an expansion of
connecting routes in the EU to 3150 mm wide and 4830 mm highHigeee5).

There are special procedures for exceeding the loading gauge. If the loading gauge exceeds the
maximum geometry, for example, the adjacent track must be closed, and crossings are not
possible without further ado. The Pdglystem itself does not have an impact on the infrastructure

and will stay within the proposed gauging limits.

Pods4Rail i GA 101121853 18| 167
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Gauging Transport UNIT Gauging Railway UIC profile

TU 10ft & 20ft
3010 (6060) x
2440x 2590

Max. 5300 mm

L1000

1575

14001400

i N

-

o

1573

4000
4280

/ N
/ J AN
vy |690,| 690 N

/1235 1335

1575 1573

3150
T

~;1 845

3500

4650

mm

1

Max. 3050 mm

Max. 4010 mm

Max. 3500 mm

Figure5: Main boundary profile of the Pod system compared with the most used UIC profiles
G1 and GZUIC5051, 10ed)

5.3.3 Weight balance

The weight balance in railway systems is crucial for ensuring the safety, efficemtlongevity
of both the trains and the tracks. Following key aspects load distribution, fuel efficiency, safety of
unbalanced loads, maintenance of rail profiles does have a relevant impact to the Pod system.

When mentioning these aspects, weightaldetermines the dimensioning of the drive system
(including motors, inverters, battery pack) and the possible transport capacity. A possible
discussion related to weight also concerns the materials used or the lightweight structure, which
must meet safetyand crash worthiness requirements.

As part of this study, the baseline scenario for the weight balance was established in a basic
passenger transport UC with 10 ft TU (see UC 1). The values given are estimates for the 1st iteration
using basic assumptigron material and design requirements. The weight balance is used to size
the car body structure and associated component system.

The following weighting only considers MPG, which is already considered a requirement for public
transport. In the final degn, various weightings may deviate from the basic design proposal in
Task 7.1. In addition, there may be overlap between MPG, as some components provide functions
for different systems at the same time. For example, the electrical wiring of MPG U willealso
part of the air conditioning system in MPG L.
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Table7: Weight balance of 10 ft TU for UC 1 (basic passenger transport)

MPG of TU (Variant 10 ft and 20 ff)to | Weightin kg | Note

be considered here per MPG

B Vehicle body 1260 Steel vehicle body

C Vehicle fitting out 130 Only Floor

D Interior appointments 270 8 basic seats

H Auxiliary operating equipment 100 Battery

J Monitoring and safety equipment 50 CCTV

K Lighting 50 LED ceiling (part of MPG C)

L Air conditioning 200 1 unit

M Ancillary operating equipment 100 Passenger counting system (additiong
N Doors, entrances 500 2 Doors (front and end)

P Information facilities 83 Screen and communication audio
T Carrier systems, enclosures 340

U Electrical wiring 200

SVehicle linkage devices 140 Gangway between TU

Total weight per TU 3423 10 ft

5.3.4 Energy balance

Conventional energy levels in a rolling stock will cover different nominal voltage levels (3KV, 1.5KV,
700V, 400V,230 V, 110V, 24V, 12V, 9V). Here witlkirstimation of maximal nominal voltages
for the most relevant MPG will be analysed.

Table8: Energy balance of 10 ft TU (estimated for UC 1 baseline and requirements in WP 4)

MPG of TU (Variant 10 ft) Energy demand (nominal| Note
performance) per 10 ft
unit [kW]
H Auxiliary operating equipment 0.2 Battery¢ cooling / heating
ventilation
J Monitoring and safety equipment 0.02 CCTV
K Lighting 0.2 LED ceiling> part of MPG C
L Air conditioning 5.64 Oneunit (worst case 4.34 kW)
heating
M Ancillary operating equipment Passenger counting system
(additional)
N Doors, entrances 0.33 2 Doors (front and end)
P Information facilities 0.05 Screen and communication
audio
Total energy demand per TU 6.44 10 ft
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In summary, the mostelevant impact of the energy balance is caused by the HVAC system and
this part must be examined with the greatest care. Other auxiliary systems play a subordinate role
in the energy balance and are therefore to be understood as assumptions in the dewesibpm
phase. The battery is used as an energy buffer feboard systems (especially the HVAC device),
whereby the nominal voltages are only considered for the battery's auxiliary systems (heating and
cooling the cells). Further investigations, especidify toltage levels, are described in WP 8.

5.3.4.1 HVAC energy consumption

l 1/ A& Fy FTONRyeyY F2NJ aKSFiAy3ax @SyiluratrdArzy
standards for the air conditioning of swap bodies/containers for passenger transport, the
normative bases from the railway sector were used for this purpose. In rail applications HVAC
systems are used to provide the cabin with heating, ventilation and air conditioning to establish a
comfortable surrounding for passengers and perso(@INEN50591, 2019)

Since the HVAC system is the second largest energy consumer in rail applications, only second to
the traction system, with a share in the yearly energy demand of roughly 30 %, it makes sense to
calculate the requird battery capacity of the Pod system based on the energy consumption of the
HVAC unit(Ebinger, 2022)

For this reason, a thermal car body model (TCBM) was set up in Dymola to calculate the power
demand of the HVAC system, siering the specifications from the DIN EN 50591 and DIN EN
147501 standards as well as the information provided by previous WP (WP 4).

Specifications for thermal comfort

The specifications for thermal comfort can be found in DIN EN 14750hich prwides
information on the room temperature, permissible humidity, fresh air volume and heat dissipation
per passenger as well as other specifications to be complied (M., 2008)

As specified in WP 4 Deliverable 4.4 thel Bgstem is classified as a category A vehicle using
climate zone Il for winter and | for summer usage. Such vehicles are characterized by a dwell time
of more than 20 minutes and a number of passengers less than 4 pensbrndierefore, the air
temperature inside the TU must be inside the area showiigure6 below.(DINEN14750, 2006)

For this project the recommended temperature curve (red line) is used.
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Figure6: Permssible range for defining the temperature control curve for category A vehicles
(DINEN14750, 2006)

Calculation of the HVAC energy demand

Since there are currently no standards for calculating the energy consumption of swap
bodies/containers for passenger transport, the normative bases from the railway sector were used
for this purpose. To calculate the energy demand of the HVAC system the DIN EN 50591 is used.
This standard makes it possible to estimate the annual energyinagent of rail vehicles by
means of measurements or calculations. In order to estimate the energy consumption of the air
conditioning unit, 16 operating points (OP) are defined in three different operating modes. A
distinction is made between:

A commerciabperation,

A non-commercial operation and

A parking operation.

Pods4Rail i GA 101121853 22| 167



FA7

(=

=urope's

The annual energy requirement of the HVAC unit can be estimated by measuring or simulating the
power demand at each OP and with the aid of defined or customized operating profiles. The table
below Table9 provides an overview of the OP used for the carted simulations.

Table9: Operating points for climate zone | for summer and Il for winter operati@NEN50591, 2019)

Operating point | Ambient temperature | Relative humidity| Occupancy | Solar radiation
heating/cooling [°C] [%0] [%0] [W/m?
Commercial operation (12 h/d
OP 1 -10 90 0 0
OP 2 0 90 100 0
OP 3 10 90 50 0
OP 4 15 90 50 0
OP5 22 80 100 0
OP 6 28 70 (1) 100 600
OP 7 40 (1) 40 (1) 100 800 (1)
Non-Commercial operation (4 h/d)
OP 8 -20 (1) 90 0 0
OP 9 -10 90 0 0
OP 10 0 90 0 0
OP 11 15 80 0 0
OP 12 22 80 0 0
OP 13 40 (1) 40 () 0 800 (1)
Parking operation (4 h/d)

OP 14 0 90 0 0
OP 15 15 80 0 0
OP 16 28 50 0 700

The abovementioned standard also provides information about the operating time in each of the
three operating modes. By default, the standard uses an operating time of 20 h/d leaving 4 h/d
without energy consumption. Furthermoret, is defined that the vehicle operates 12 h/d in
commercial operation, 4 h/d in neeommercial operation and 4 h/d in parking operation.

For this project the default daily operating time is used, which means that the battery can be
recharged for 4 h/dHowever, for the HVAC energy demand calculation, it was decided to use a
worst-case approach. After calculating the power demand in each OP, the result of the most
demanding OP is used and multiplied by the daily operation time of 20 h/d. This will lead to
conservative estimate of the required battery capacity.

Due to a lack of information on the driving profile of the Pod system, it is assumed for the
simulations that the vehicle is stationary.
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Thermal car body model

The model used for the calcuiahs is shown in the figure below.
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Figure7: Simplified Dymola HVAC model to calculate the HVAC energy demand

The model consists of five parts. The first part is the TU in the middle (highlighted in orange), which
isavolumefif SR GgAUGK I ANXP C2NJ GKS FTANJ 0KS awSTFSNByC
Library is used. The second part is the HVAC system which is highlighted in blue. The HVAC system
was modelled in a simplified way. It has a temperature and humidity cbmrplemented that
regulates the humidity and temperature according to the requirements of DIN EN 14véRicle

class A. Furthermore, the air conditioning unit consists of two mixing chambers. In the first mixing
chamber the recirculation and the freslr @are mixed and if needed the air is dehumidified (e.g.

at high occupancy) by sttmoling (condensation drying). The second mixing chamber is used to
reheat the supply air after dehumidification or to heat the passenger compartment in wir@er

In additon, the amount of fresh air supply is set to 19passenger. The third and fourth part of

the model are the heat transfer with the environment and the influence of solar irradiation
highlighted in green and red. The last part of the model is the heat apd vapor emissions from

the passengers highlighted in grey.
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Assumptions and parametrization

The carrieebut calculations are for the passenger wsses only. The Fimensions and the
maximum number of passengers inside each TU have been defirdthpter 5.1 and 5.2. The
table below summarizes all the information required for the parametrization of the simulation
model.

Table10: Parameters used for simulation

5 ft 10 ft 20 ft
Max. number of 2 8 18
passengers
Dimensims 1.36 x2.3x2.2m| 2.87x23x22m| 592x2.3x22m
(L xW x H)
Volume 6.88 n? 14.52m3 29.96m3
Area sidewall without 1.5m?2 3.16m?2 6.51m?2
windows
Area sidewall windows 4.49m? 9.47m?2 19.54m?2
(75 % of sidewall)
Area roof/floor 6.26m2 13.2m?2 27.23m?2
Material data Walls: Aluminium; t=0.2 m
Windows: Glass; t = 0.025 m
K-Values Wall: 2.23 Wh2K
Window: 2.67 Wim2K
Heat transfer coefficient Inside: 10 Wim2K
(stationary vehicle) Outside: 10 Wim2K
Solar irradiation Wall: 70 % absorbed, 0 % transmitted, 30 % reflected
(roof + one sidewall Window: 0 % absorbed, 30 % transmitted, 70 % reflected

For the simulations, the heat exchange with the environment via the end faces was neglected. This
assumption was made because these surfacesdher directly adjacent to a neighbouring TU,
which is similarly tempered, or are protected by the CU, so that a low heat flow is expected via
these surfaces.

Simulation results

Figure8 provides the simulation results for tharee TUsizes for the passenger usases. The
power demand for each OP is rising with the-Sike and therefore the number of passengers
inside the TU. This is because the air treatment effort is highly dependent on the overall air volume
inside the TUas well as the fresh air supply which scales with the number of passengers
(15m3/passenger/h).
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Figure8: Simulation results for the three different T\dizes

For each Ti&Size the most demanding OP turned out to be OP 7 whiah 9P for commercial
summer use. Using the aboweentioned worstcase approach, the battery energy content
needed for air treatment (not accounting for distribution etc.) can be calculated. This is shown in
the table below.

Tablel11 also provides an estimation of the weight and the volume of a lithiilamium-oxide

(LTO) and a lithiuaron-phosphate (LFP) battery with the estimated battery capacity (energy
content) which is needed for air treatment in 20 h salifficient operatbn. This shows that such

a heavy and large battery inside the TU makes the concept not feasible. The main part of the
battery should therefore be installed in the CU. Only an auxiliary battery should be installed in the
TU. The battery inside the CU carethprovide the TU with energy and recharge the auxiliary
battery inside the TU while both are coupled. The auxiliary battery therefore only has to provide
the TU with energy while in sedufficient operation meaning while not connected to a CU. Such
scenaios can happen during transshipment of the TU and is assumed to be no longer than 15
minutes, which reduces the volume and weight of the battery needed inside the TU greatly.
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Tablell: Calculation of the battery energy contentsing the worstcase approach

5 ft 10 ft 20 ft
Power demand of most demanding OP 155kwW | 4.34kW | 9.41 kW
Battery energy content for air treatment
(assuming 20 h/d in most demanding OP) 31 kWh | 86.8 kwWh| 188.2 kWh
Weight
- 20 h/d; LTO battery at 78/h/kg (Nemeth, Schroer, Kuipers, { 425 kg 1189 kg 2578 kg
Sauer, 2020) 310 kg 868 kg 1882 kg
- 20 h/d; LFP battery at 100 Wh/kBahimzei, Sann, & Vogel,
2015)
Volume
-20 h/d; LTO battery atéb Wh/L(Nemeth, Schrder, Kuipers, { 188 L 526 L 1141 L
Sauer, 2020) 148 L 413 L 896 L
- 20 h/d; LFP battery at 210 Wh{Rahimzei, Sann, & Vogel,
2015)
Battery energy content for air treatment
(15 min seksufficient operation in most demanding OP) 0.39 kWh| 1.09 kwh| 2.35 kWh
Weight
- 15 min seHsufficient; LTO battery at 73 Wh/Kdemeth, 5.3 kg 15 kg 32 kg
Schroer, Kuipers, & Sauer, 2020) 3.9kg 11 kg 24 kg
- 15 min seHsufficient; LFP batterytd 00 Wh/kg(Rahimzei,
Sann, & Vogel, 2015)
Volume
- 15 min seHsufficient; LTO battery at 165 Wh{Nemeth, 23L 6.6 L 14 L
Schréer, Kuipers, & Sauer, 2020) 1.8L 52L 11L
- 15 min sdksufficient; LFP battery at 210 WhjRahimzei,
Sann, & Vogel, 2015)

*assumed specific energy and energy density are current state of the art (mean values) for the battery celld (withou
thermal management or other parts which might be needed); it can be assumed that these figures will increase
significantly in the future

Further notes

The power demand in each OP is not accounting for the power which is needed to distribute the
air ingde the cabin via fans, the controller used to regulate the process nor the intake and

evacuation of the air. The calculated power demand is limited to the energy needed for the air
treatment. Furthermore, it can be assumed that the HWA@ has a coeffient of performance

of one (COP = 1) due to unfavourable temperature differences and the assumed heating
mechanism (resistant heating).

The calculations are also limited to the normative specifications for rail vehicles. Standards for the
air conditioningof other modes of transport can be considered at a later state of the project. The
requirements of the strictest standard must be complied with.

Additionally, it should be noted that the battery which is installed in the TU and/or CU should have
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a largercapacity (energy content) than the above mentioned (Sesble 11) so that other
consumers of the TU (e.g. lights, passenger infotainment system and more) can also be supplied
with energy.

The estimated weights and volumes alsoribt account for the net and gross capacity of batteries.

It was assumed in the calculations that 100 % of the battery capacity is usable. This is not the case.
Assuming that the net capacity is 80 % of the gross capacity, the weight and volume ofdled nee
batteries increase by further 20 %, making it even more unfeasible to install the full battery
capacity inside the TU.

Furthermore, it has to be noted, that the results do nminsiderany type of performance
management. This could help to reduce theerall energy demand.

5.3.4.2 Auxiliary consumers

In order to estimate the total energy requirement of the TU, a list of all the energy consumers of
the TU including some parts of the HVAC system (e.g. fans etc.) must be provided. This list can be
found inTablel2.

Tablel2: List of auxiliary energy consumers inside of the TU

Power demand per MPG
MPG of TU [kwW] Note
5ft | 10ft | 20ft

Battery¢ cooling/heaing;

H: Auxiliary operating equipment 0.20 ventilation (all TU sizes)

J: Monitoring and safety equipmer{ 0.01 0.02 0.04 CCTV

K: Lighting 0.10 0.20 0.40 LED ceiling> part of MPG C
Air intake/evacuation,

L: Air conditioning 1.30 distribution and regulation per

unit (treatment excluded)
Passenger counting system

M: Ancillary operating equipment -

(additional)
N: Doors, entrances 0.33 front and b?gi?;g;? doors (al
P: Information facilities 003 | 005 | 010 | Screen ansu‘é?c:”m“”icaﬁon
Total power demand: 1.97 2.1 2.37

Cambining the content/results oTablel1l and Tablel2the needed battery capacity (energy
content) for each Tkdize can be estimated. These are presentetiahlel3.
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Tablel3: Overall energy demand of the TU including HVAC and auxiliary consumers

5 ft 10 ft 20 ft

Electrical power demand with all consumers 3.52 kW 6.44 kW 11.78 kW
Total battery energy content
(all consumers; assuming 20 h/d of opeoat) 70.4 kWh 128.8 kWh 235.6 kWh
TU battery energy content
(assuming 15 min sedlufficient operation) 0.88 kWh 1.61 kWh 2.95 kWh
CU battery energy content 69.52 kWh 127.19 kWh 232.65 kWh
Weight TU/CU battery
- LTO battery at 73 Wh/k@Nemeth, Schroer, 12.1/952 kg | 22.1/1742 kg | 40.4/3187 kg
Kuipers, & Sauer, 2020) 8.8/695 kg 16.1/1272 kg | 29.5/2327 kg
- LFP battery at 100 Wh/Kg&ahimzei, Sann, &
Vogel, 2015)
Volume TU/CU battery
-LTO battery at 165 Wh{Nemeth, Schrder, 5.3/421 L 9.8/771 L 17.9/1410 L
Kuipers, & Sauer, 2020) 4.2/331 L 7.7/606 L 14/1108 L
- LFP battery at 210 Wh(Rahimzei, Sann, &
Vogel, 2015)

GRates

The CRate of a battery describes how fast it can be charged or discharged and is normalized
against the battery capacity in order to make a comparison between batteries easigaté &

one means that the current for charging/discharging is so hilght the battery can be fully
charged/discharged in one hour. A-r@le above one means that the battery can be
charged/discharged in under one hour (2 8 min to fully charge/discharge) and adte below

one means that the charging/discharging procedses longer than one hour (0.1-Q0 h to fully
charge/discharge)MIT, 2008)

How high the @ate of the battery needs to be is highly dependent on the driving profile which
specifies how much time there is to recharge bagteries of the TU and CU respectively. Assuming
the default daily operating time of DIN EN 50591 (20 h/d) a charging time of 4 h/d is available
which means a-€ate of at least 0.25 C is needed. If we assume that the parking operation (4 h/d)
can also b used for charging, the-@te can be lowered to 0.125 C.

Furthermore, the @ate (or the battery capacity) can be lowered even further if measures for
energy recovery (i.e. brake energy recovery) are used.

5.3.4.3 Energy Harvesting

In the previous section thenergy demand from the TU battery has been estimated for the various
sizes (se@ablel3). For this energy level, solar panels are the most common energy harvesting
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solution and feasibility studies can be found in the literat{iWe Shravanth Vasisht, 201Th Table

14 it is exposed that, assuming the indicated average solar daily irradiance and unit efficiency
values, covering one third of the roof space with panels woul@m@ugh to harvest more than

the energy demanded in a day. Furthermore, the rated power of the solar panels is estimated to
size the power converter associated with it and to estimate its weight.

Tablel4. Solar panel sizing to syly the TU battery

5 ft 10 ft 20 ft
Estimated TU Battery demand (kWh) 0.88 1.61 2.95
Occupied surface at roofi?) (34%) 1.26 2.53 5.05
Daily energy harvested (kWh) 1 2 4
Average solar daily irradiance 5 kVi#/
Average module efficiency 16%
Panelweight (Kg) 12.6 25.3 50.5
Panel density 10 kg/tn
Panel peak power (kW) 0.38 0.76 1.52
Panel power density 0.3 kW/n
Power converter rated power (kW) 0.5 1 2
Power converter weight (Kg) 2.5 5 10
Power converter specific power 0.2 kW/K¢

Other possibities such as wind energy harvesting can also supply the TU battery with the
estimated daily energy demand. For instance(\ih Nurmanova, 2018) is proposed a turbine

that with a size of about 30 cm of height, 50 cm of Wwicind 1 m of length, can deliver between
0.5 and 1 kW of power depending on the train speed. Nevertheless, the level of maturity of this
technology is considerably lower than the use of solar panels.

Even though the TU battery can supply all the auyil@msumers within the unit, some of them,
such as wireless sensor nodes and communication systems, could benefit from the use of other
sources of energy harvesting to avoid extra cabling or to increase their flexibility. In railway
applications, the mosextended source of energy harvesting is based on vibration. For that,
typically piezoelectric or electromagnetic energy harvesters are proposed with a range of power
between units and hundreds of mW, Although, these harvesters, together with small battarie

an electronic interface, can supply the devices, this technology also lacks maturity and the
proposed designs are still statd-the-art prototypes as summarized {dianyong Zuo, 2023)

5.3.4.4 Energy Transfer Concept

As alrealy mentioned in previous chapters the main part of the-Sugplybattery should be
located in the CU, thus making it necessary to come up with a concept to transfer energy from one
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to another. There are basically two possible variants. TU and CU carcbeelly coupled to each
other inductively or conductively. The latter can take place during the coupling of the TU and CU
or afterwards.

Inductive energy transfer

Transferring the energy inductively involves challenges, which have to be addresséalloitiag
aspects need to be discuss@dayer, 2016)

A Positioning accuracy

A Electromagnetic compatibility

A Detection of metallic and living foreign objects
A Efficiency

A Cooling

The positioning accuracy of inductive charging cotsépa problem if the primary and secondary

coil are not positioned automatically for example when a car is parked on a parking spot without
the guidance of a suitable system. However, this is not the case in the Pods4Rail project because
TU and CU have e positioned precisely in order to be coupled secuilslyer, 2016Y WEKA
Fachmedien, 2024)he electromagnetic compatibility has to be checked. The inductive energy
transfer must not be allow@ to influence other systems inside of the TU/CU as well as the
occupants (i.e. with cardiac pacemakegiéayer, 2016)

The detection of foreign objects is very important for an inductive energy transfer concept.
Metallic andliving objects must be prevented from entering the air gap between the primary and
secondary coils. The penetration of metallic (especially ferromagnetic) objects must be prevented,
as these heat up very strongly in the magnetic field of the coils. Thextien of living objects is
mandatory for health reasons (air gap > 1 ¢Baier)(WEKAFachmedien, 2024Both problems

can be partially prevented by a very small air gap. For safety reasons, hodetamtion systems
should not be dispensed with.

The efficiency is especially important because the worse the efficiency the bigger the installed
batteries have to be. The efficiency of the inductive energy transfer is particularly influenced by
the posifoning accuracy. A DLR study shows (BIPolplus) that the efficiency of a 22 kW inductive
energy transfer, which is meant to recharge cars while parking, has an efficiency over 90 % while
optimally positioned and an efficiency over 80 % for all of the testelignments. For Pods4Rail

an efficiency of 90 % can be assumed because of misalignment not being a problem in this case.
This however does not include the efficiency of the DC/AC converter needed to transform the
energy supplied by the Fhattery, so hat the efficiency is decreased furthéMayer, 2016)

Lastly, there has to be a cooling system for the coils. This could be done by passive (i.e. thermal
mass) or active (i.e. air cooling) measures, adding complexity towbelb system, if combined

with HVAC or battery thermal management system, and potentially adding another energy
consumer, if an independent system for cooling is addstayer, 2016)
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Conductive energy transfer

Conductive meas to transfer energy means transferring the energy by cable using a plug or other
connection method. This is the conventional way to transfer energy. However, using a simple plug
connection might make the coupling of TU and CU more difficult by addirtbemmart which has

to be positioned precisely. This could be avoided by using an automated wired charging system
like the Matrix Charging® system showifrigure9.

T T !

Conductive

— —-!- Movement ORI : gt
< A ! arging
Pad ¢ of —

@ Not connected @ Connecting @ Connection established

Figure9: Connection procedure ofite Matrix Charging® syste(@uchroithner, 2024)

This system can be connected after the coupling of TU and CU has been carried out successfully,
not adding to the complexity of the coupling procedure.

Conclusion

It can be assued that both described energy transfer concepts are able to transfer the required
energy. However, a wired system (conductive) might be the most promising option due to the
number of drawbacks that the inductive transfer has. Whether the automated wirstésyis
actually more advantageous than a simple pingonnection must be decided when designing
the interfaces between TU and CU.

5.3.5 Description of possible emergency cases for the Transport
Unit

In the realm of the TU operation, emergencies can arisexpactedly and require prompt,
coordinated responses. This chapter explores various emergency scenarios related mostly to ail
vehicles, including technical failures, accidents, natural disasters, and security incidents.
Understanding these situations isucral for developing effective technical solutions and ensuring

the safety of passengers and crew. By analysing railway specific requirements, we can enhance
the resilience of the rail transport system and better prepare for future challenges.

5.3.5.1 Rescue teamommunication

First aiders are doctors (for people suffering from illnesses or injuries¥jgheers (in the event
of fire and other physical dangers such as bees, floods, etc.), police officers in the event of an
attack. Emergency cases are basedhtmassumption that the@xactposition of the TU is known.
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The TU should own its positioning device based on (GNSS/egnos see D3.2 conclusion for example)
seeTablelb.

Tablel5: Example for requirementsaken from D4.4

Incident There shall be a tracking device inside the Pod, so thg

Management rescuers can quickly and easily find the Pod. PodS4Rail T4.4

IM6.1

In the 2021 Report on User Needs and requireméBiSA, 2021jublished by the GSA, now EUSPA

(EU Agency for the Space Programme), management of emergencies was identified as a potential
application for GNSS described as:

G¢KS YIFyFr3aSySyid 2F SYSNHSyOASa OlFy o6S 3INBIlIGf e
the train is available, allowing the emergency teams to optimise their operations, thus GNSS is
suitable for this kind of application. In the event of an accident, it is important to know the location

of the train in the line, so that rescue teams can reachpllee of the accident. For this kind of
application, the geographical position of the train shall be provided and it shall be expressed in co
ordinates understandable to railway personnel and the emergency services, which normally use
different coordinatei @ 4 G SY a ®¢

This document is the outcome of the EUSPA user consultation platform and report requirements
discussed during the UCP event with participating stakeholders.

In this issue of the document, positioning requirements for such an application wéreeden
table 16.

Table16: Document and positioning requirements

Description Type
The PNT solution shall provide the train position with a horizontal accuracy Performance
within a range of 110m. (Accuracy)
The availability ofhe location information provided by the PNT solution Performance
fulfilling its performance requirements shall be High. (Availability)

The ability of the PNT solution to provide timely warnings to the user when Performance
data provided by the solution should not bsed shall be High. (Integrity)

The maximum allowable time between the occurrence of the failure in the | Performance (Time
solution and its presentation to the user shall be between 10s and 30s. to Alarm)
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The definitions of the diffemt performance criteria are defined in table 17.

Tablel7: Definitions of the different performance criteria

Parameter

Description

Accuracy

Accuracy is a statistical value and is defined as the degree of conformance be
the measured position and its true position, at a given level of confidence, at any
instant in time, and at any location in the coverage area. When specifying accur
is essential to specify the statistical context, which is usually assumed to bsi@a
It is usually expressed as a confidence interval which is associated to prob
(normally 95%).

Only horizontal accuracy is considered in rail applications.

Availability

According to EN 50126, availability is the ability of a product to betmt@to perform
a required function under given conditions at a given instant of time or over a

time interval, assuming that the required external resources are provided. In
present document the availability is defined as the intrinsic avaittakif location
information fulfilling its performance requirements at the location unit output.

In railways, where the relative unavailability of Signal in Space (SiS) owing to
visibility is a natural condition, lack of SiS is not a cause chwaitability for highlyj
demanding applications (other sensors will compensate for this fact thrg
hybridization).

Integrity

Integrity relates to the trust that can be placed in the correctness of the informg
supplied by the Location Unit to the apgdtion. Integrity is defined here as the abil
of the Location Unit equipment to provide timely warnings to the user when
provided by the system should not be used.

Time to Alert
(TTA)

Maximum allowable time between the occurrence of the failureha system (e.g
satellite fault) and its presentation to the user. The failure can be due to an exce
inaccuracy being detected (see alert limit) or that a particular satellite
untrustworthy.

In the last issue of the repo(EUSPA, 2023his application has been removed from the railway
needs are they can be shared with some other transport modes and have been considered as not

specific to railway uses.

The second service required in the context of emergency memagt in a TU is the availability
of communication means.

At least voice exchange is required and it leads to select corresponding technologies.
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5.3.5.2 Fire Safety

Since there are currently no standards for the fire safety of swap bodies/containers for passeng
transport, the normative bases from the railway sector were usea @y firstorientation. Later
interpretations can also be made according to the existing guidelines for buses or catdadars
even other applications might give guidelines for &edety.

The requirementgor fire protection measures for railway vehicles are contained in the standard
EN45545, andis formally divided into 7 parts. The measures in this standard are intended to
protect passengers and staff in a railway vehicleoftcerns not only the interior, but also the
entire structure of the vehicle, in this case the Pod and its subsystems. This standard generally
classifies vehicles into operation (where is the vehicle operated) and design (how is the vehicle
designed) categtes, whose relationship determines the level of fire danger HL1 to HL4.

The Pod (TU & Citgelf could be classified as in OC 1, where the vehicle is allowed to stop with a
minimum delay and where it can always reach a safe place immediately. Basedsothéh
folloyving requirements can be specified:
A design an interior layout to limit the spread of fire,
A utilize materials and product with a better response to fire properties, i.e. fleetardant
plastics,
A provide means to manage the spread of fire aisceimissions, i.e. fire extinguishers,
A design the TU in a way that enables quick and safe evacuation of passengetsrough
entrance/exit doors, gangway doors or emergency exits in windows

Subsequently, the Pod could be categorised as DC A, iehidevthat is a part of an automatic

train having no staff trained for emergency situations. With respect to the previously mentioned,
GKS t2RQa FANB KFTFINR fS@St O2dzZ R 6S I [M®d ¢KA
levels (R1 to R28) efich product group, i.e., of interior (IN) and exterior (EX) products, and their
further evaluation with respect to ignitibility, flame spread and heat release, via specific test
methods (TO1 to T17). However, assessment of this scope is not yet feashrePod because of

and the normative classification of TU in the context of different means of transport, such as
railways, buses or cable cars, the early phase of development and thus is not discussed further.

5.3.5.3 Crash Safety

ISO 1494.:2013 specifieslesign requirements and testing of freight containers. Since there are
currently no standards for the crash safety of swap bodies/containers for passenger transport, the
normative bases from the railway sector were useddmeryfirst orientation.Same a remarked

in the previous chapter, later interpretations can also be made according to the existing guidelines
for buses or cable cars and even other applications might give useful guidelines for crash safety.

Crash resistance or crashworthiness ofvalicles is included in EN 15227, where various impact
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scenarios are described. In case of impact, it is generally required to absorb energy in a controlled
manner, reduce the risk of overriding, maintain minimal survival space and structural integrity of
occupied areas, reduce the risk of derailment etc. The standard defines possible impact scenarios,
i.e. collision with the same vehicle or an obstacle, based on the design categories of
crashworthiness €to CIV, which reflect the UC of the vehicle.

Due to the complexity of the UC, multiple design categories must be considered (mdiahdG
[I1). However, it would be expedient to apply only parts of the standard that are relevant for the
given UC of the Pod and its subsystems. These are:

A aleading ed impact between two identical Pods (TU & CU) at a speed of 36 km/h,

A aleading end impact with regional train weighing 129 t at a speed of 10 km/h,
A aleading end impact with small low obstacle.

Other collision scenarios seem to be irrelevant for Pods.d¥ew a vehicle Pod derailment might
cause subsequent impacts that are stochastic in nature and thus unpredictable. Therefore, a
derailment safety test should be concluded, which can be performed via methods described in EN
14363 (usually method Il is uged

A method I¢ the vehicle passes through an arc with a radius of 150 m with a defined track collapse,

GKSNBE G(GKS ONRGSNR2Y A& 6KSSt fAFG k1 X

A method li¢ the vehicle passes through an unsurpassed arc with a radius of 150 m to determine the
transverse force$Y) and is twisted on the test device to determine the maximum wheel force (Q);
the criterion is the determination of the Y/Q ratio on the outer wheel,

A method Ill¢ the minimum wheel force when twisting the vehicle on the test device and the
resistance ofhe chassis against turning are determined on the vehicle; the criterion is the factor X
YR GKS NBflIGADS dzyt 2R 2F GKS 6KSSt kvkvod

5.3.5.4 Malfunctions of doors, batteries or the H\V/8yGtem

Since there are currently no standards for malfunctions of certaimpmments of swap
bodies/containers for passenger transport, the normative principles from the railway sector were
used as a guide. Corresponding standards from the arbasds or cable cars have not yet been
considered but can be used later for a noative comparison.

The standard EN 14752 applies to bodyside entrance systems for rail vehicles. The requirements
can be specified as follows:
A YFEAYdzY F2NODS Ay (GKS FANBRG FyR FAYLEf LKI&AS 27
A average force during further door closihgk  Sa& X Hnn bz
A YFEAYdzZY F2NDS (2 40G2L) GKS R22NIAYy Y23GA2Yy X mnrT
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Additionally, it is required that:

A the sensitivity of the door system is tested by inserting a 30x60 mm aluminium prism into the
lower, middle and upper parts of the dogmwhile doing spthe door cannot be indicated as
closed,

A the reliability of the door system is tested by 1 million closing and opening cycles,

A in case of emergency, the door system must be equipped with emergency manual opening.

The requirements for HVAC are a part ok tktandard EN ISO 19659. The occurrence of
malfunction can be prevented by routine checking of the cooling medium. In case of emergency,
some windows need to be manually openable. When it comes to batteries, the use of
maintenancefree battery almost elinmiates the possibility of failure.

Relevant standards:
A EN 14752 Railway applicationsBodyside entrance systems for rolling stock
A EN 15227 Railway applicationsCrashworthiness requirements for rail vehicles
A EN 45545 Railway applicationsFire prdection on railway vehiclesPart 17
A TSILOC& PAS

5.3.6 Stength analysis

Since there are currently no standards for strength calculations of swap bodies/containers for
passenger transport, the normative principles from the railway sector were used asisa bas
Corresponding standards from the areabaofses or cable cars have not yet bemmsidered but

can be used later for a normative comparison.

The design of the TU (and whole Pod also) could be compared with structural requirements of
railway vehiclebodies specified by EN 12663 for passenger and freight transport. This standard
defines structural design categories-I(o RV) and covers various load cases, e.g. lifting and
jacking, along with the definition of longitudinal and compressive forcelarcoupling area etc.

In case of passenger transport, it is necessary to consider the load cases for equipment
attachments, such as handrails, seats and other parts of passive safety systems.

Depending on the UC, the Pod (TU & CU) could be consideredsanger vehicle and thus
categorised either as a coachljfor a part of a fixed unit (F). In case ofPclassification, the unit
would be very robust, because it would be designed to withstand a longitudinal compressive load
of 2000 kN applied at thievel of buffers and/or coupler attachment. On the other hand, inclusion
in category HI would bring the longitudinal force down to 1500 kN, which is more favourable for
the Pod while still meeting the requirements of the standard. The standard alsdispec

A tensile force of 1000 kN at coupler attachment,

A compressive force of 400 kN above the top of the structural floor at head stock,

A compressive force of 300 kN at the height of the waist rail (windowsill),

A compressive force of 300 kN at the height lo¢ tcant rail.
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These loads shall be considered in combination with vertical load of g-ml, resulting from
gravitational acceleration of design mass of the TU. Subsequently, the standard defines additional
vertical loads, which are based on the design magkefTU m and CU mand the exceptional
payload m:
A maximum operating load of 1.3-g-{fmy),
A vertical load of 1.1-g-(mmy), resulting from lifting and jacking at one end of the Pod at the
specified positions,
A vertical load of 1.1-g-(m2-m), resulting fom lifting and jacking the whole Pod at the specified
positions.

To satisfy the overall static structural requirements, a superposition of both compressive and
tensile force at coupling level with a vertical load of g+m) should be considered. In casé

using the Pod for freight transport, the structural requirements described above prevail, because
the loads specified for passenger transport are generally higher.

wSIjdZANBYSyida F2NI t2RQa ONI aK NBAA&GI preibus O2 dzf R
chapter (Description of possible emergency cases for the TU). On the other hand, these
specifications for a detailed design must be compared with the corresponding normative
specifications for buses and cable cars. If necessary, new, standandizedtive specifications
must be developed, due to the switching of the TU. To summarise, the Pod could be classified
either as a design categoryl ©r Glll and thus the relevant crash scenarios include:

A aleading end impact between two identical Podsiapeed of 36 km/h,

A aleading end impact with regional train weighing 129 t at a speed of 10 km/h,

A aleading end impact with small low obstacle.

Additionally, a derailment test of the carrieould beconducted.

The following railwayspecific standardsvill be evaluated in the coming work packagesatso

meet further regulations and standards of other modes of transport (road, ship, cablecamair).
this work, current standards from rail vehicle technology were shown as examples, although no
guaranteecan be givemegardingtheir completeness and further investigations must be carried
out specifically for cable car technoleg.

Relevant standards (rail specjfieeeds to be evaluated with oth@éransport modes- road, ship,
air)
A EN 12663 Railway Aplications- Structural requirements of railway vehicle bodies

Assessment of strength analysis:
A DVS 1608Design and strength assessment of welded structures from aluminium alloys in railway

applications

A DVS 1612Design and endurance strength analysfisteel welded joints in raitehicle
construction

A VDI 2230 Systematic calculation of highly stressed bolted joinlsints with one cylindrical bolt
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5.4 Service and maintenance concept

The Pod system appears to be relatively maintendnee. Nevertheles, service intervals have to

be specified for each design group. The following design groups will be looked at in this chapter:
A HvAaunit

A Door systems

Couplers

Transition Bellows

Lighting

Battery Thermal Management System (BTMS)

Battery

> 3 > I D D>

However, the maindcus is on the maintenance of the air conditioning units.

5.4.1 Maintenance of the HVASystem

In general, all components of the H\AAQIt must be maintained. The following is a selection of

things that have to be checked:
A tightness of the cooling circuit (lepyear, before summer season) if necessary, leaked coolant

shall be filled in
A air filters need to be cleaned or changed (1 per quarter)
A heating functionality checked before winter season
A operation of compressor and fans (1 per 2 years)

HVAC maintenancplan

Maintenance intervals for air conditioning units depend on the components installed and the
applicable standards as well as legal regulations. The following is a selection of standards and
regulations that must be complied with when maintaining vapompression refrigeration
systems (state of the art in rail vehicléEuroSpec, 2024Manufacturer, 2024)

The following railwayspecific standards will be evaluated in the coming work packsgedso

meet further regulations and standards of other modes of transport (road, ship, cablecar, air). In
this work, current standards from rail vehicle technology were shown as examples, although no
guarantee can be given regarding their completenegs famther investigations must be carried

out specifically for cable car technologies.

EN 378: Refrigerating systems and heat puntpafety and environmental requirements
EN 45545: Railway applicatiorSire protection on railway vehicles
EN 50155: Ravy applications Electronic equipment used on rolling stock
A 5ANBOGADGS HAamMnkcyk9! O0aLINBaadzaNBE SljdzA LIYSyd RANE
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Furthermore, the manufacturer's maintenance instructions for the subcomponents of the air
condtioning unit must be followed.

The HVAC manufacturer is currently setting up a maintenance schedule for the air conditioning
units, which lists the maintenance cycles of all components. These are based on a time interval, as
the air conditioning unit iglso operated when the vehicle is stationary so that the wear of the
HVAC components is not directly linked to the mileage of the vehicle. The shortest maintenance
interval applies to the air filters, which must be changed every 3 months according tchibese.
Furthermore, the maintenance schedule specifies a-lifddmaintenance after half of the service

life (after 16 years if designed for 30 years), during which components of the air conditioning unit
are replaced in order to ensure functionality fitve rest of the intended service life. With regular
maintenance and adherence to the specified maintenance cycles, a service life exceeding the
design period is possible (based on experigiManufacturer, 2024) In additionto the preventive
maintenance using the maintenance schedule, a visual inspection and a function test are carried
out during maintenance to ensure functionality. If components are found out to be defective,
these are also replaced.

However, the statementsnade in this section are limited to the use of vajmompression
refrigeration systems. When using other air conditioning systems (e.g. magakioc systems),
different maintenance cycles may apply due to the use of completely different components.
However, such systems are not yet suitable for use in rail vehicles. In the future, it can be assumed
that such systems will reach a sufficient level of maturity and thus become relevant for use.

Maintenance of HVAGystems in novel Pogdystems

For the maitenance of air conditioning units in the supermodal Pod concept, it does not matter
whether the air conditioning unit is installed in the CU or in the TU, as identical components are
used in both variants. If the air conditioning unit is installed in thet3elf, maintenance is possible
independently of the CU, which has the advantage that the CU does not have to be present during
maintenance and is therefore still available in the transport network. If, on the other hand, the air
conditioning unit is in@lled in the CU, the number of components required is reduced compared
to installation in each TU, which can also be an advantage for maintenance. Both variants are
technically conceivable.

However, unlike today's rail vehicles, maintenance of the velfieet does not bring the line to a
standstill. Due to the different production times ©UandCU individualTW0 CUcan be maintained
separately, similar to cars, without significantly affecting the transport network.

Furthermore, the current state ohe art is preventive maintenance following a fixed maintenance
schedule. This means that some components are replaced even though there is no defect, or no
defect is expected in the near future. As a result, the service life of the components is not fully
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utilized, which means higher maintenance costs. As an alternative to the preventive maintenance
that is currently established, corrective maintenance of components will probably be favoured in
the future. Corrective means that the components are only repthas soon as a defect is
detected, or it is recognized by data evaluation that a defect is imminent. However, since this
concept is problematic for maintenance planning, as the rail vehicle has to be taken out of service
when a defect occurs, it has nget become established for rail vehicles. A failure of the entire
vehicle fleet due to components failing in all vehicles at the same time is too risky. However, this
is less of a problem for the supermodal Pod system. It can be assumed thEt/iB@&were not

all put into operation at the same time and that the operating times of ThéCUvary, so that a
failure of the entire fleet seems unlikely.

Maintenance of other relevant Parts of TU and Carrier

Tablel8liststhe needed srvice and maintenance for the door system, the couplers, the transition
bellows as well as for the lighting.

Tablel8: Service and maintenance plan for different design groups

Design group Service and maintenance plan
Door System - depends on type of door drive used
- pneumatic:

A minimal requirements with selubricating guide rails
A function check once every 2 months
A cuffs in the air cylinder replaced 1/4 years
- electric:
A function check once every 2 months
A electric motor has to be rdaced when damaged

Couplers - need to be checked and cleaned regularly
- mechanism shall be lubricated once every 3 months

Transition bellows | - checked once every 6 months

- if damaged caused by tearing or bursting repair needed:
A local damage: area has to bedik
A local repair not feasible: exchange whole bellows

Lightning - no maintenance intervention needed
- can be exchanged if identified as damaged during maintenance

BTMS - depends on type of BTMS used

A passive cooling and sdikating of the battery are maintenae free

A active means of cooling/heating require maintenance depending on
components used

U i.e. air cooling or cooling circuit:
similar maintenance to HVA@it required
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Battery - lithium-ion batteries are low maintenance (i.e. LFP, L({Caylex Electronics,
2024)

A low seltdischarge

A no cycling required to prolong battery life (no memaffect)

A battery aging must be considered

A condition monitoring required

As the HVA®nit seems to be the most frequent to maintain, the maintana of the design
groups listel in Tablel8 should be integrated in the HVYAC maintenance plan.

5.5 Design proposal / model of the Transport Unit concept
Flexible and adaptable for maximum variability

The small, lightweight TU costs of standardised unit§.he modular system serves to achieve a
high level of standardisation with as few components as possible, as well as providing a basis for
rapid customisation options with relatively little effort during production. The standeddisit
families result in a flexible platform that streamlines production complexity and allows larger
guantities of TU to be produced cestfectively.

5.5.1 Visualization of possible Transport Unit configurations and
proposal of Transport Unit architecture

Transport Unit configuration

All length derivatives are the same in terms of width, height and front design. They differ in terms
of their length, door systems, window segments and the covered units on the roof or external
attachments. Visually, they hava uniform appearance. The transition between different TU is
barrier-free. These are sealed with lips.

Entrance/exit unit (5 ft)
As shown irFFigurel0, the TU could be accessed and exited via invgvohging double doors on
both sides, as commonly found in buses and trams. These can be opened quickly and both wings

can also be opened separately. The mechanism above the door opening can be electrically
operated. LED lights can be mounted on the outside of the TU to signapératmg status.
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Figurel0: Opened Entrance Unit

Passenger unit (5 ft, 10 ft)

The internal space of the TU can be very similar to a minibus or cable car cabin. At the same time,
the transfer is like a flying experience, sohaye prioritised the view of landscapes by maximising

the size of the windows surrounding the seating as showrFigure 11. Flexible interior
configurations should make it possible to react quickly to changes in mobility needs.

Entrance unit (5 ft) in combination with Passenger Unit (10 ft) Front design TU

pr—

Figurell: Overview of standardised units

Front design Transport Unit

As a result of the automated operation, no permanent driver's standsegeired and the front

sides of the TU can be used for access and transfer doors to the nexiglite{0). Pocket sliding

doors driven by electric motors could be used at these access and transfer points for each TU.
These can & constructed as a full glass door or in a sandwich construction for lightweight body

design.
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5.5.2 Conceptional assembly drawing of a defined Pod
configuration and assembly of components

Overview of design variants

During the first iteration of the design driorm-finding process several preliminary concepts were
developed and visualized schematically. The design proposal offers a puristic;duamed and
productionrelated design. The design focuses on efficiency, modularity and sustainability in order
to meet the requirements of modern transport. The edgy 3D geometries are due to compatibility
with existing 1ISO containers (rectangular or cubic design) and the defined grid for the interfaces
(Figure 12).

TU concept 4

Figure 12: Overview design variants
In design concept 1, the main frame is more visible. In concept 2 and 3, the main frame and the
interfaces has been designed as a homogenous unit. Variant 4 differs formally through rounded
elementson the outer edges of the units (all variants fréfigure 12).

Variants 1 and 1a were used for the assembly drawkingufel3). However, this does not yet
correspond to a selection regarding the filgsign.

Further engineering and forfinding process is examined in WP 8.
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Figurel3: Conceptional assembly drawing TRL 2

The main structure of the car bodies must also be considered to be stalteandance with the
requirements for stackability as shownhigurel4. How the stacking cfUcan be made possible

in detail and whether this also makes sense from a logistics process point of view (HS, storage
system) is examad in more detail in WP 8.

Stacking of Transport Units

Figurel4: Example of stacked Transport Units

Pods4Rail i GA 101121853 45| 167



(=

=urope's

FA7

5.5.3 Conceptional description of technical parameters

The following main components were positioned on the units as follwsr systems and cabin
windows HVAQunit, Battery, Interfaces

Tablel9: Transport Unit key data

Entrance unit 5 ft Passenger unit5 ft | Passenger unit 10 ft
Length (m) 1500 1500 3010
Seats+) -- 2-6 12
Standing (normal) 2 6 50
Front doors 1000 1000 1000
Usable passage width (mm)
Side doors 1000 -- --
Usable passage width (mm)
Ceiling (mm) 240 240 240
Floor (mm) 230 230 230

Figurel5 explains the integration of inswinging door systems at the sidkpotket sliding doors

at both ends of the transport unit. The pocket sliding doors serve also as connections between the
transport units. The inwards opening doors moves away from the flow of passengers and enables
free movement into the vehicle. In thgpen position, the inswinging door system requires minimal
space outside the vehicle. The respective clearance of at le¢b3® Inm also allows people with
reduced mobility (PRM) access to the transport uHitneeded, bigger cleared doors could be
foreseen also in combination with electric ramps or similar aiding devices.

Door systems and cabin windowsfront view

Door systems and cabin windowsside view
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Figurel5: Door systems and cabin windows
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Figurel6 shows one possible idea to integrate a compact HVAC unit (Heating, Ventilation and Air
Conditioning) in the ceiling of the TU. The unit is designed to fit efficiently into the ceiling while
maintaining an interior height of 2100 mm, ensuringfignt headroom and a spacious feel for
passengers. It can be installed in fplesigned mounting slots within a recessed ceiling structure,
allowing for easy installation and maintenance.

HVAGunit ¢ front view HVAGunit ¢ bird view
g Is 1 w M T gl
b [y e i © ©
— o N
(=e]
. 826 | | 788 |, 826 |
o) (O Y
Y932 284 - 1039 [ b 932 [, 1039
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o
I
Y Y
i i
© ©
N N
o] o
BaTrERy 1 R = |1 L L T |

Figurel6: HVAGunit integration

Hgure 17 shows where the battery modules could be placed in the vehicle floor. Each module
could be installed in specially designed trays in the underfloor, integrated into the mair.fram
This ensures stability, safety and reduces vibrations. The modular structure allows easy battery
upgrades. Maintenance processes could be simplified through access hatches oeretpask
mechanisms.

Battery ¢ front view Battery ¢ floor plan
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Hgure 17: Battery integration
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5.6 Outlook

Nowadays, the global initiative is dealing with the reduction of, @@issions and overall
improvement in terms of efficiency, reusability, and manufacturability. For this reason, modern
vehicles are often designed to be as lightweight as possible. Because of that, aluminium alloys,
high strength steels, or various composite materials may be used in dediga D.

Manufacturing recommendations generally should be arranged with respectremgth and

safety requirements. Additionally, there are several legislative documents regarding the
requirements for specific type of joints, i.e., EN 15085 for welded joints, DIN 6701 for bonded
joints, and DIN 25201 for bolted joints. The evaluatibnad vehicles is then performed based on

EN 50126, which involves risk assessment, safety validation and continuous evaluation. This,
however, is not yet feasible for the Pod and thus general recommendations will be provided.

There are various option®ff production of Pods. In practice, one can primarily consider the use

of a welded steel frame, which will ensure sufficient structural strength. It is necessary to minimize
deformations and stresses in the material both during operation and during hanaltid storage.

The risk scenarios (such as crash, overloading, extremely high and low temperatures) has to be
considered and the structure must have sufficient safety factor. The basic welded frame can be
covered with both sheemmetal parts and compositergolymer sheets.

Another production option is the use of extruded aluminium profiles or glued plastic parts.

5.6.1 Industrialisation (Production)

The TU can be manufactured in several ways using different materials and different technologies.

These include:
A Differential welded steel structure made of normal grade steel. This structure design is easy to

manufacture and requires simple fixtures. However, the disadvantage is a higher weight and the
difficulty to create an attractive, modeflmoking design.

A Differential welded steel structure made of steel with high yield strength of up to 700 MPa. This
structure possesses same properties as the previous one while simultaneously achieving lower
weight, almost to the point of aluminium structure.

A Integral welded alminium structure made of largarea aluminium profiles produced by extrusion.

A lower weight and more attractive shape can be achieved. However, massive welding fixtures are
required and the difficulty of repair increases, lowering its potential of rellisab

The following picture shows the basic welded frame structure with following parameters:
A Outer side panel is made from steel with thickness 2.5 mm

A Outer roof panel is made from steel with thickness 1.5 mm
A Outer floor panel is made from steel withithness 5.0 mm
A Roof structure is made from beams with thickness 3.0 mm
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A Side wall structure is made from beams with thickness 3.0 mm
A Floor is made from beams with thickness 3.0 mm

Figurel8: Basic structure of the welded framefd O ft TU

5.6.2 Manufacturing recommendations

All following manufacturing steps are only recommendations based on best practise solutions of
respective applications. Nevertheless, other and new approaches can be followed within this
project, e.g. by introduag new material and lightweight approaches, which will be carried out in
later tasks.

Hybrid structure consisting of a steel base, i.e. floor and main frame made ofieighsteel
welded frame and a composite body, i.e. sides, front and roof paneenfilom composite
material. These composite materials can be used as an alternative to sheet metal panels.

Additionally, 3D printing shall be used for parts with complex geometry (such as connections to
twistlocks, etc.). The main limitation of addititechnology is higher price comparing to the
conventional production. There is no problem with selection of 3D printed material, because 3D
printed steels can have yield strength up to 2000 MPa.

There has to be considered the welding as a main produdgohnology of frame. The panels
(interior and outer panels) can be glued. The connection made by bolts has to be considered for
parts, which are going to be replaced during lifetime of Pods (such as rubber transitions between
Pods, HVAC, etc.)
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The followng railwayspecific standards will be evaluated in the coming work packages to also
meet further regulations and standards of other modes of transport (road, ship, cablecar, air). In
this work, current standards from rail vehicle technology were shownxameles, although no
guarantee can be given regarding their completeness and further investigations must be carried
out specifically for cable car technologies.

Relevant standards:
A EN 45545 Railway applicationsFire protection on railway vehiclesart 1-7

A EN 50126 Railway ApplicationsThe Specification and Demonstration of Reliability, Availability,
Maintainability and Safety (RAMSyart 12

Requirements for specific joints:
A EN 15085 Railway applicationsWelding of railway vehicles and cponents- Part 16

A DIN 67013 - Adhesive bonding of railway vehicles and paisurt 3: Guideline for construction
design and verification of bonds on railway vehicles

A DIN 2520122 - Design guide for railway vehicles and their componesited joints- Part 2:
Design- Mechanical applications
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6 Concept proposal for the interfaces

A first overview of all relevant TU interfaces is given in chapter. The specification of the Loading
and Unloading procedure is shown in chae2. Based on this procedure a concept for interfaces
between the TU and the HS will be given in chapt& To develop how to secure and connect

the TU inside the CU, chapt®# gives a coupling ethanism overview and definition for the Pod
system. When more than one TU is loaded on one CU, there might be connections between these
TU. The concept for the interfaces between differ@iutis presented in chaptes.5.

6.1 Ovaview of Transport Unit interfaces

Within the Pod system, the TU is the part of the system, that will be shifted between difieként

by using the HS infrastructure. Because of that, there are several physical interfaces of each TU,
that have to be consiered for the system development. The interfaces can depend on the type of
TU as well as the CU, to where it will be loaded. If the TU is loaded on a CU next to other TU, or if
it is being stored in a storage system or placed on the ground, additionafdoésr can appear.
Figurel9 and the following list shows a short overview of relevant interfaces of each TU.

Rail Carrier:
<7 ~= ==
Z

~z
Pray Py Py
Z (Heigth) \ . v \ . Legend:
z 10 10 (-9) 10 10
“# X (Length) =< cCoupling TU - HS
N x Coupling TU - Carrier

=< Coupling TU-TU

x Coupling Carrier - Carrier

Road Carrier: Storage System:
{{e)) Virtual Coupling
Z (Heigth)

Y
—* X (Length)

£\ Storage Interfaces

Figurel9: Vision of the Pod system and schematic overview of interfacethef Transport Unit

1. Interfaces for positioning the TU onto a Carrier Unit

When the TU is loaded to a CU, it has to reach a specific position inside the CU to guarantee a safe
and correct contact between the TU and the CU. Therefore, the HS has tah@azagsule within

a certain positioning tolerance and match the interface area of the CU with the interface area of
the TU. Interfaces for positioning the TU could be specific contact elements or supporting
structures inside the CU. This interface doed necessarily have to provide a mechanical
interface, but positioning can also be carried out by sensors and/or, for example, by a camera
synchronizing pixels provided for this purpose. Additional guide rails or similar structures could
help to adjust theolerance. The interfaces for positioning the TU onto a CU therefore define the
movement and positioning of the TU inside the CU. A combination with the physical (mechanical)
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coupling / locking mechanism between TU and CU is possible and also makeshdenses iof
functional integration and lightweight construction (see red symbolgurel9). The concept for
these interfaces is described in chap€eg.

2. Interfaces between the TU and the Handling System

During the transshipment process, the HS will be used as the infrastructure for the loading and
unloading process of the TU. Also, if a TU will be stored at the storage system, the HS has to remove
it from the CU Therefore, a physical interface between the TU and the HS has to be defined, to
pick up the capsule (see blue symbol&igurel9). Depending on the UC, the safety requirements

or the power supply system, additial coupling interfaces have to be considered, e.g. an electrical
coupling to supply the TU with electricity during transshipment. The challenge here is that,
depending on the application, a seamless energy supply must be provided, for example. Any kind
of communication between the interface TOU and TWHS, but also in this case the internal power
supply of a TU, must be provided. The concept for these interfaces is described in ghapter

3. Physical couptig and locking interfaces between the TU and Carrier Unit

After loading the TU to the CU, there must be a physical coupling to secure and connect the TU
inside the CU (see red symbolsFigure19). Amechanical couplingcan be $ed as a locking
mechanism to secure the TU inside the CU and prevent movement during the ride. The mechanical
couplingtransmitsforces and has to comply with load and crash requirements of the Pod system.
Theelectrical couplings used to transmit eneggbetween the TU and the CU. For all UC, where
batteries or other power supply from the CU has to be connected with electrical devices inside the
TU (or vice versa), an electrical coupling is needed. Additiom@munication couplingfor
transmitting sign& wireless or hardwired can hesed if signals have to be exchanged between

the TU and the CU. If itieededto transmit liquids (e.g. water, oil etc.) or gases (e.g. compressed
air etc.), an additionaimedia couplingcould be used. The choice and dpsiof the coupling
interfaces depends on the UC. The concept for these interfaces is described in dhdpter

4. Interfaces of the TU to another TU

If more than one TU is placed inside the CU, there could be connectiowedreteach TU (see
yellow symbols ifrigurel9). E.g. For passenger transport it could be possible to connedilthe

with doors in between. Depending on the UC, it might be achievable to have an electrical
connection between eachU. For safety and comfort reasons, it might be necessary to lock each
TU against each other. Depending on how Th¢are arranged on the CU (the Pod configuration

is in scope of Task 7.1), these interfaces could be on different sides. The concept for these
interfaces is described in chaptérnb.

5. Interfaces of the TU to the storage system

When the TU is not being used, it can be stored inside a storage system. Therefore, specific
interfaces might be necessary (see orangalsgls inFigurel9). If the TU is made for a UC to be
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placed on the ground (e.g. a mobile post station, shop floor UC, PRM unit etc.), interfaces like
stands or other support elements have to be considered.

6. Interfaces betweerdifferent Carrier Units

The Pods4Rail approach is mainly following a virtual coupling strategy as the fleet management of
different CU For increased safety and higher flexibility, a physicab&adk option will be foreseen

as a CHCU coupling. This WB only focussing on interfaces of the TU’s, therefore theCOU
interface is not the scope of this deliverable. Still, the potential coupling methods between
different CU may be investigated in this task, due to the aim of standardisation and
interoperallity. Therefore, potentially suitable coupling methods for connecting one CU to
another CU can be included in chapéed as a reference for the future developments (see green
symbols irFigurel9). The actual concept development for these interfaces will be done in WP 14.

6.2 Specification of the Loading and Unloading procedure

In this chapter an analysis will be given, of how the TU can be loaded and unloaded to the CU
(Figure 20. The loading and unloading process is also defined as the transshipment process
(Pods4Rail D2.1, 20243 visualized ifkigure20. The transshipment contains the trsfer of a TU

from one CU to another as well as delivering or receiving a TU from the storage system. The most
suitable transshipment processes will be derived and explained and relevant interfaces for
positioning the TU on the CU or the storage systemdaneeloped. A detailed process description

of the transshipment is given in chapté(Task 7.3).

Figure20Y ¢ NJ Y3 A KA LISy G LINROSaa SEI moddéyy2024p Ay

In order to evaluate the suitability of possible HS, a short overview of different HS technologies is
given in the following. Existing loading and unloading devices are mainly taker{Paas4Rail

D2.2, 2024and their advantages and disadvantages are being assessed. Functional requirements
are taken from(Pods4Rail D4.4, 2024nd safety requirements are included frqpods4Rail D3.2,
2024) They are used to define evaluation criteria and their rankings for the HS evaluation. Finally,
the most suitable technologies are handed over to the further concept development.
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6.2.1 Functional requirements for the Loading and Unloading

Functionalrequirements regarding the HS were taken from WP 2, WP 3 and WP 4. These are
requirements that influence the transshipment process and handling of Tthe The given
requirements by previous WPs are extended with additional requirements addressing the
infrastructure and development strategy, such as hardware complexity and expected usage of the
system. These additional requirements were worked out during the development of the interface,
as further important requirements had to bmnsideredby detailing theconcepts, which could

not be recorded in detail beforehand. As the list only contains the most important aspects for an

initial concept, a general review of all existing requirements is essential.

anh requirement set is being described with the foliaywletails:

> > > >

Requirement ID: Given ID frofRods4Rail D4.1, 2024)
Source: Source of the data, standards or reason of the requirement
Requirement Input: Content of each requirement
Output for TU design: Specifitfluence or design suggestion for the TU

Table20: Functional requirements regarding the Handling Syst@ods4Rail D4.4, 2024)

Requirement Source Requirement Input Output for TU Design
ID
OPPL1.7; Pods4Rail D2.1; | Switching of whol@Uand different types o Scalability from smallest/lightest to
HS2.1; HS4.] Pods4Rail GA; TU’s shall be enabled biggest/heaviest TU, independent of CU ty
Expert Knowledge
OPPL1.9 Pods4Rail D2.1 | Operation in railwaytram, metro, ropeway| Compatibility to rail, road and ropeway
and road domain domain (foresee roof and bottom interface
HS1.2 Pods4Rail GA [The HS should handle passengers and fregHS must provide horizontal positioning of
no tilting allowed
HS26 Expert Knowledge| The HS should be able to overcome thg HS must provide sufficient operation rang
Pods4Rail distance between relevant domains and should be scalable in range
HS3.2 Pods4Rail, D3.2| The HS shall provide emergency exits f¢ HS must allow easy access to TU at any |
passengers ding the transfer at any time (i.e. near to ground level)
HS7.3 (MSC, 2010) Emergency shutdown procedure should ff Provide incidentletection and emergency
followed automatically or by remote contrg stop system for HS
after emergency stop was activated
New Expert Knowledge| Handling system shall keep infrastructur{ Simple, standardised solutions are preferi
Pods4Rail, T7.2 complexity low (space and costs)
New Expert Knowledge| Handling sytem shall keep vehicle and T{ If possible, no complex technology locate
Pods4Rail, T7.2 complexity low (weight and costs) insideCUand TU
New Expert Knowledge| Handling system shall be able to turn TU Provide turning space faru
Pods4Rail, T7.2 direction
New Expet Knowledge Handling system shall be connected to|  Provide interface to storage hubs, only
Pods4Rail, T7.2| storage system (can be limited to station needed in main hubs
New Expert Knowledge| SmallTUshall be able to be transshipped Provide solution for transshipment withou
Pods4Rail, T7.2 outside of the main hubs stations

Table20shows, that most of the functional requirements were already specified in previous WPs.
These contain information about the technical design tbé operation system, the HS
functionalities as well as some relevant safety features, that must be considered. Besides that,
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some additional general aspects have to be considered, e.g. regarding the system complexity. In
general, the HS should not increathe vehicle complexity, therefore requirements could be to
keep complex and costly components outside of the CU or the TU. These requirements have a
main effect on the final vehicle weight and costs. Other requirements to be considered are the
connectivty to stations and storage systems. Depending on the mobility concept, the
transshipment can be done within a station or outside of stations. These factors have to be figured
out in the following concept development.

6.2.2 Handling System overview and evalomati

Relevant HS from WP 2 can be clustered in 10 main groups, that are mainly different in the way of
how a TU is movedlable21 and Table22 give an overview of these groups including a short
descriptin of the system and the transshipment movements. This means for example, that a CU
can have an integrated system to move a TU horizontally to the left or right side (such as HSO1 or
HS02). Another option is to use external devices to do the horizontal mewe(such as HS03). If
external systems are used to lift the TU vertically and move it in the air to another CU, they are
grouped in HS04. Air handling can also be done with CU integrated devices (such as HS05).

Table21: Overviev of Handling System groups (HS01 to HSQ&)ckums Industrier AB, 2024;
Rinspeed AG, 2024; moodley, 2024; OBB Mobiler, 2024; BOXmover GmbH, 2024)

Number of group HSO01 HS02 HS03 HS04 HS05
Name of HS group Transformable Carrler Unit Integrated horizontal External devices for horizontal Air handling with external Air handling with Integrated
_transshipment systems systems
Picture I
Short description R TU s picked up from the carrier by
o ive translatory and rotatory . B
[Short description of how the Actyatransiatoryand rotat acrane or gripper mechanism and
2 vehicle movement by Translational movement TU is pushed onto an external HS StRe g
system works] loaded onto the next carrier. The

“transformation" of the carrier
vehicle. Carrier remains on its
route, e.g. rail, the carrier of
another mode of transport (e.g.
road) must collect the TU directly

transverse to the direction of
travel of the TU from the carrier,
TU is moved on fixed rails of the
carrier

by a translatory movement. There
itis (at least) mechanically fixed.

This independent HS moves the TU
to the next carrier or destination.

movement of the crane in the
plane can be freely selected
depending on the design; a
rotational movement is possible at
any time

TU s loaded onto the crane
mechanism provided on the carrier|

Transshipment of TU
[Horizontal, vertical, free
movement, hanging, standing]

Mainly in the plain, but at a limited
angle, Vertical movement also
possible thanks to lifting

TU is only (un-)loaded from the
carrier at right angles to the
direction of travel; in addition to

First translatory movement onto
the HS, then free movement.

hanging transshipment, free

N . . the initial carrier, the TU must be | Depending on the complexity of vertically
mechanisms in the carrier. 180° 2 % A movement
8 > 2 picked up directly by another the HS, vertical movements are
rotation only possible with = X f
s A carrier or external handling also possible
additional mechanisms
system.
Example(s) from D2.2
IStz Siemens moodley "one for all";
HELROM Mobiler Truck Robotize pallet shuttle Y ’ BOXmover

Cranes

Other available systems on the marketaautomated robot handlinge(g. HS06) or manual or
autonomous forklift systemse(g.HS07). If the TU has only to be placed on ground, some analysed
systems offer active lifting devices inside the €lg.HS08) or CU integrated systeresg(HS09).
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Another option for the TU transshipment would be a direct shift to another domain, for example
to a ropeway infrastructureg(g.HS10) without a dedicated handling device.

Table22: Overview of Handling System groups (HS06 to HSRihspeed AG, 2024; DLR, 2024;

Rinspeed AG, 2024; Leitner AG, 2024)

Number of group HS06 HS07 HS08 HS09 HS10
Name of HS grou| Active Transport Unit Liftin,
group Robot handling (Autonomous) forklift handling po g Active Carrler Lifting Device Direct transshipment

Picture FEEICA T Techcenter |
Short description
Short description of how the
L o TUis loaded from one carrier onto | TU is loaded from one carrier onto -
system works] 5 . TU is lifted by extendable supports| . . g 3 =

the other carrier by one or more another carrier by one or more dth todf th Lifting mechanism of the carrier TU s connected to the crane

robots. The robots can be stablisers. The stacker can move c::r'er :lsos::)m:men:?nn;th:r lifts the TU and enables vertical | mechanism and becomes a Cable
permanently installed or self- freely and can also transport the s 2 v' ! movement car; not a HS itself
. 2 directions.
propelled. TU to its destination
Transshipment of TU
[Horizontal, vertical, free
movement, hanging, standing] Translational and rotational i g 2 > % vertically, whereby any type of
. Free movement, with only limited . vertial, also translational through . E .
movement, whereby rotation can % A vertical s movement is possible depending
Sz movement in the air additional elements

only take place to a limited extent on the cable car movement
Example(s) from D2.2 Hans Turck GmbH
[Source: D2.2] (https://www.turck.de/en/height-

Rinspeed Microsnap control-and-3d-spatial-monitoring- Rinspeed Snap DLR U-Shift ConnX - Leitner
on-autonomous-forklift-trucks-
48541.php)

The overview of the HS showee technolog diversityon the market. Each system has their own
advantages and disadvantages, degimg on the requirements of the specific UC. That is why it is
difficult to analyse the suitability for Pods4Rail without a more specific analysis of the actual tasks
which the HS has to fulfil. In order to do a detailed suitability assessment and evaldatr basic
transshipment scenarios (TS) are being defined. The developed HS has to address all of these
scenarios in order to guarantee flexibility and irtapdality (Table23).

Table23: Definition of transshipment scenarios to be addressed by the HS

Scenario
TS01

Name Domain [Description of scenario

Picking up/Placing dowjRoad only (also air aPicking up passengers or cargo from a starting poielivery of

ITU on ground shipping, but not passengers or cargo to final destination. Passengers can enter/g
relevant here) the TU on ground level. Also relevant for oth#€ ShopfloofTU,
EnergySupplyTU etc.

TS02 [Transfer of TU from rogRoad / Rl Transshipment of TU in a station within groundund domains.
to rail / from rail to roag Usually no passengers are alighting because they stay inside thi
from rail to rail For some situations passengers/cargo can additionally enter/exi
TU on a platform.
TS03 Transfer of TU to other[Ropeway/ Air/ Transfer of TU to secondary domains to increase flexibility and
domains Shipping intermodality, such as ropeway/air mobility/ships. These domain
are not part of the main (today existing) mobility hubs/stations.
TS04 Transfer of TU to the |All domains Parking of a TU and/or CU within specific storage areas by hang

storage system the TU over to the storage system.
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Based on the functional requirements given in Table 20, the most relevant advantages and
disadvantages are given in the follogirand. Finally, the suitability of each HS group is being
assessed based on the defined transshipment scenarios and the boundary conditions required for
this scenario (e.gdegrees of freedom). If a system is suitable, it is highlighted with a green
background. Not suitable systems are highlighted with a red background. Only the suitable (green)
systems will be considered in the evaluation process.

Table24: Handling System assessment regarding suitability for Pods4Rail (HSO1 to HS05), e.g.
HSO01, HS02, HS03, HS04, H&Axkums Industrier AB, 2024; Rinspeed AG, 2024; moodley,
2024; OBB Mbiler, 2024; BOXmover GmbH, 2024)

Number of group HS01 HS02 HS03 HS04 HS05
e ey External
Name of HS group Transformable Carrier Unit gl devices for horizontal Air handling with external Air handling with Integrated
transshipment systems systems
Picture i
Advantages - Accuracy of positioning of the TU
[keywords] - Quick and easy for small angles . . . . . L can be equalised
S -integration of HS in Carrier - Accuracy of carrier positioning R
- no additional/ external system 5 - High freedom of movement o
- Parallel loading processes not relevant e . .. |-flexible
necessary . N - High independence of the existing
5 possible - High freedom of movement i
- Low complexity infrastructure
- quick
Disadvantages - limited freedom of movement
26 - Limited freedom of movement ¥

[keywords] s - - no rotation - complex HS necessary / second

- Sequential TU handling = z i , 5 . =

5 - Vertical movement not given carrier - higher security aspects required |- carrier dependent
- Infrastructure requirements / L N - w "
% X - exact positioning necessary for |- Space next to carrier necessary / |- Additional infrastructure required |- complex
space next to railway and direct 3 > 2 =
| ith d direct onward transport / or no direct loading possible

jpveriap with road:necessary additional external HS necessary

Suitable for none - not for more than one TU T502and TS 04 TS02and TS 04 allTs none - not for more than one TU

Group HSO1 is not suitable for Pods4Rail due to a high complexity and limited flexibility of the
transformable CU. An integrated horizontal transshipment device (HS02) can be used for a direct
transfer of a TU from &U to another or to the storage system. External devices increase the
flexibility of the HS. That is why HS03 is considered suitable for rail to road transfer and a transfer
to the storage system. HS04 is considered as suitable for every scenarigne@@hted system

as in HSO5 is not suitable for Pods4Rail due to its high complexity, especially when more than one
TU has to be moved.

Pods4Rail i GA 101121853 57| 167



(=

=urope's

FA7

Table 25: Handling System assessment regarding suitability for Pods4Rail (HS06 to HS10)
(Rinspeed AG, 2024; DLR, 2024; Rinspeed AG, 2024; Leitner AG, 2024)

Number of group [ HS06 HS07 HS08 HS09 HS10
NameETHSetn ‘ Robot handling (Autonomous) forklift handiing |  Active Transport Unit Lifting Active Carrler Lifting Device Direct transshipment
Picture FRUTCA [ TechCenre, ' ™ Sl 1»3%
- | - A3
1
[

Advantages ¥ sciiacyof posininE o theTU - Accuracy of.posmonlng ofthe TU
[keywords] 2 can be equalised - Independent

can be equalised 4 7 -fast - Independent

¥ - High freedom of movement - Fast and flexible % P
- High freedom of movement p - scalable, when mechanism -fast and flexible
- Fast and flexible - Low safety concerns B | L
-fast ™ . perpendicular to drive direction -Known system
b i aiaohat - scalable due to more stabilisers |- cheap and simple
& - Low safety concerns

Disadvantages - no movement / only unloading
[keywords] and loading processes

- higher safety aspects required
- Limited range
- Accessibility for more than one TU

- Additional fixation necessary on
rod fork
- greater space consumption

- intermodality not given

- Precise positioning required
during loading process

- Carrier must be narrow and flat

- no driect movement, only loading
/ unloading
- carier dependent

- higher safety requirements
- Intermodality only given to a

limited extent

none - not for more then one TU

TS01, TS02, TS04

TS01, TS04

TS01, TS02, TS04

TS03, TS04

RobotHS(such as HS06) are also not suitable for Pods4Rail because they are expected to be
expensive, limited in range and also nmbssible for moving more than one TU from a CU.
(Autonomous) forkliftHS seem to be very flexible and therefore suitable for most of the

transshipment scenarios. Integrated systems such as HS08 and HS09 are good solutions for quick

and simple placing ohe TU on the ground especially on the road domain, but their suitability is
limited for other domains. Lastly, the direct transshipment (as in HS10) is very efficient for direct
transfer to other domains and to the storage system, because an additionaftdStructure is

not needed at all. At the same time, this is a limitation, because the TU cannot be placed on ground
and a transshipment from road to R&Uis not possible.

Mandatory criteria, that have to be fulfilled by every system and general kaaion criteria

Based on the functional requirements and the transshipment scenarios, defined in the previous
chapters, the most relevant criteria are derived to evaluate each HS. The criteria together with a
priority ranking are given in Table A1 andblEaA2 (see appendix). The priority indicates the

importance of each criteria according to the given specifications.

In order to develop a safe and supermodal autonomous system, some mandatory criteria are
assumed, which have to be fulfilled by every HiBese criteria are not part of the evaluation

process:

1. UC coverageEvery UC has to be possible with the desired system.

2. Domain coverageCompatibility with rail, road, cable car and others. If the evaluation shows that
one domain cannot be supplied Wibne system, a combination of several systems is possible.

3. Safety Knowledge from WP 7: Every system can fulfil the safety requirements by following safety
features as described in chapté2.3

4. Positioning acuracy Basic accuracy is required due to automation (CU positioning, HS positioning).
The automation system will fulfil the basic accuracy. The final accuracy (fonmrange) will be
covered by the CU and TU interfaces.
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Evaluation of Handling Systems

BEvery system is evaluated according the criteria mentionedidahle26. Each criterion is given a

number from 1 to 5 in order to rate its level of fulfilment. If the criteria is fulfilled very good, it is

NI GSREFDKAIKSAG YydzYoSNDLZI AF | ONRGSNAI Aa Fd:
number). The highest reachable rating is 5.00. In order to evaluate the best systems for each
transshipment scenario, four evaluation tables are given separatetydiog to their suitability.

The evaluation shows that placing the TU on ground with external systems (HS04 and HSO07) is
possible but not really suitable because the system has to be station bound or increasing the
system complexity greatly. The bestedtand most flexible system is the active TU lifting device
(HS08). With a rating of 4.47 it is very suitable for easy and barrier free access to the TU. Two
limitations appear: Every TU has to be equipped with this lifting system which is increasing) the T
complexity, also the movement freedom of the TU is limited sina@itnot be rotated. One
guestion to answer in a later phase would be, if this system should be applied to every TU or only
limited to specifidJCto lower costs and complexity. In thisses integrated stairs or ramps inside

the CU would be possible for easy entry of dxanrier free TU (as shown in Figure Al in the
appendix). HS09 follows the same approach as HS08, but the lifting system is integrated in the CU.
This solution seems to b@ore cost efficient in the overall system, but the scalability and TU
capacity would be limited, therefore this solution is not suggested.

Table26Y 9 @I f dzl GA2Y 2F &adzAdlo6tS 1 IyREAYy3a {®BGSY
-t AOLAY3 dzakt I OAy3 R2gy ¢! 2y 3INRdzyRE

Number of group HS04 HSO07 HS08 HS09

Name of HS group ,:)i(rtgrzilrgljlisr;/itv;/:; (Autonhoamngllijrslzl forklif Activge'l\'l:ié_ifting Active I;:ee:/rir(i:(:;\r Liftin Weighting
Mobility freedom 1 2 5 5 14%
Complexity of CU 5 4 5 2 6%
Complexity of TU 3 4 2 5 6%
Complexity of HS 1 3 5 5 10%
DesgrProsiomof | : s :
Scalability 5 5 5 3 18%
Efficiency 2 4 4 4 17%
Lowfloor ability 5 5 5 5 8%
e aroement s : s s | o
SUM 3.19 3.89 4.47 3.99

When it comes to the transshipment from one CU to another on the road and rail domain, the
evaluation shows two systems that might be suitable for Pods4Ralil€27). The Best rated
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solution with a rating of 4.10 is HS02, because it can be used flexible without the need of stations
and it shows a low system complexity. The direct transshipment is only possible, if different CU
can be parked directly next to each other and on a similar t@adieight, which might not be
possible everywhere. Also, it is not possible to turn or lift a TU while shifting, which is a limitation
regarding the project goals. Nevertheless, this would be the suggested solution if the transfer
should be possible withdistations (as shown in Figure A2 in the appendix).

The best rated solution for a station based transshipment would be an (autonomous) forklift
system as in HS07. Its main advantages are the ability to support different loading heights of the
CUwith optional low floor entry for passengers, it is movable in all directions and the system also
offers thechanceto directly connect to a storage system. Depending on the system infrastructure
the HS could be implemented as guided vehicles (with fimedingdirections) or as autonomous
movements with individual forklift devices (as shown in Figure A3 in the appendix). Such a system
is similar to industry approved solutions; therefore, a good technical feasibility is expected.

The three lowest rated systemseanot suggested for Pods4Rail due to higher system complexity
(e.g. HS03 and HS04) or the limitation to the road domain (as in HS09). Especially an air HS inside
a transshipment terminal wouldesult inan immense complexity of the HS and infrastructui. F

a better technical feasibility, the system could be reduced to smaller terminals. In general, it can
be said, that all evaluated systems only have minor differences. There is no clear solution that fits
best for every scenario, the suggested solutiopeleds on the mobility requirements.

Table27Y 9@l f dzl GA2Y 2F &adzadlo6tS 1 IyREAYy3a {2aGSY
-CNF YAFSNI 2F ¢! FTNBY NBIR (G2 NIXYAf k FNRY NI AC
Number of group HS02 HD3 HS04 HSO07 HS09

liltsg e External devicef

horizontal . | Air handling witll (Autonomous) | Active Carrier I
Name of HS group - for horizontal . . o, . Weighting

transshipment : external system|{ forklift handling| Lifting Device
. transshipment
device

Mobility freedom 5 3 1 3 5 14%
Complexity of CU 3 3 5 4 2 6%
Complexity of TU 5 5 3 5 5 6%
Complexity of HS 5 3 1 3 5 10%
Des_|gn Freedom of 3 2 3 2 2 13%
environment
Scalability 5 5 5 5 3 18%
Efficiency 5 3 3 3 2 17%
Lowfloor ability 2 4 5 5 5 8%
Freedom of
movement ofthe TU 2 4 5 4 2 10%
with HS
SUM 4.1 3.53 3.36 3.67 3.31
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In general, only a few systems are useful to connect to other domains than rail orTrableZ8).

Most likely those domains will carry the TU from8 @S o0l aSR 2y G2RI&Qa a
are ropeways, drones or shipping cranes that are mainly connecting to the roof of the TU.
Therefore, either a roof mounted system (=higher complexity of TU) or a bottom mounted system
(=higher complexity of HSsa&hown in Figure A4 in the appendix) is necessary for the Pods4Rail
approach. A roof mounted system will increase the complexity of the TU structure, meanwhile a
bottom mounted system will increase the complexity of the HS. When safety and efficiency
aspects are considered, a bottom mounted system might be suitable for ground transfer (rail and
road), meanwhile roefmounted systems are suitable for other domains (air, ropeway, ships).

The best rated and most suggested solution seems to be a direct lrignssnt (rating of 3.99

with HS10) due to the direct transfer of the TU between two domains. This supports the lowest
complexity of the system because no actual HS infrastructure is required. Only two limitations
appear with such a system: The structurainplexity of the TU (this is only rated with the number

3, because anyway a stacking of fthgis requested for the storage system) and the {thaor

ability in the transfer process (this could be solved with platforms in the stations). The air HS (HS04)
is rated with a result of 3.25 and is not suggested for Pods4Rail, due to the high technical
complexity and because interferences between the HS and other domains could appear, because
domains such as ropeway and the HS would have to share the same iagewhich disturbs the
handover of the TU. The (autonomous) forklift HS (HSO07) is not suitable to do the full
transshipment and is therefore not being evaluated in this scenario. But it can be mentioned that
HSO07 could also be used to move the TU from laoraRoadCU to a dedicated loading zone to
further transfer it to the ropeway, air or shipping domain.

Table28Y 9 @I f dzl GA2Y 2F &adzAGlo6tS 1 IyREAYy3a {2aGSY
-Transferof TUto otherdomatn O NR LISgF &3 | ANJ Y20Af A0&3 &KALILI
Number of group HS04 HS10
Name of HS group Airhandiing with external Direct transshipment Weighting
systems
Mobility freedom 2 5 14%
Complexity of CU 5 5 6%
Complexity of TU 3 3 6%
Complexity of the HS 2 4 10%
Des_lgn Freedom of 3 4 13%
environment
Scalability 4 4 18%
Efficiency 2 4 17%
Lowfloor ability 5 1 8%
Freedom of movement of th o
TU with HS ° ° 10%
SUM 3.25 3.99
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The most variable options appear for the storage system transshipment scefiabieZ9). Seven
different HScan be used in this case. Two of these systems show much higher ratings than the
others: HS02 and HSO07. The integrated horizontal transshipment in HS02 seems to be the best
rated solutionfor a direct transfer from the CU to the storage system. But this system only works

if the storage system has an own infrastructure for further movement offtbeBecause of that

this system is only suggested if the CU to CU transfer is using the samwala The
(autonomous) forklift handling in HSO7 is considered as the most suggested solution, due to its
compatibility to the storage system and a high flexibility of the system regarding the CU to CU
transshipment. Only minor disadvantages appear ie thobility freedom because it is station
bound and the infrastructure complexity, which is generally high. Both of these limitations can be
weakened, if the storage system would be located inside or besides a transshipment station,
because then the samefmastructure can be used. This aspect shows a potential system definition:
The storage system should be located next to a transshipment station to reduce the system
complexity and also environmental impact. To increase the system flexibility and efficiency
additional micro hubs could be used. In this case, the options HS08 or HS09 could be used for the
road domain as extended storage possibilities.

Table29: Evaluation of suitable Handling System technologies for transshipmentbchid 2 & ¢ { nn
-6NF YAFSNI 2F ¢! G2 ad2N)r3IS aeadasSvye
Number of
group HS02 HSO03 HS04 HSO07 HSO08 HS09 HS10
Integrated External . .
Name of HS| horizontal | devices for A_|r handllng(Autonomous Active TU [Active Carrig Direct —_
. . with external  forklift o, i . . Weighting
group transship. | horizontal . Lifting DeviciLifting Devic{transshipmen
. : systems handling
device |transshipmen
Mobility 4 3 2 3 5 5 2 14%
freedom
Complexity )
of CU 3 3 5 4 4 2 5 6%
Complexity
of TU 5 5 3 4 3 5 3 6%
Complexity 0
of the HS 4 3 2 3 5 5 3 10%
Design
Freedom of 4 3 3 4 2 2 3 13%
environment|
Scalability 18%
Efficiency 17%
Loy\_ffloor 3 4 5 5 4 4 3 8%
ability
Freedom of
movement 0
of the TU 3 4 3 5 1 1 5 10%
with HS
SUM 4.17 3.82 3.57 4.13 3.31 3.31 3.69
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6.2.3 Investigation ohazards and safety concept of the Handling

The following procedure fulfils higlevel requirements listed in th€Pods4Rail D4.4, 2024)
documents, all the procedure phases will expliaidier to D4.4 when needed in order to illustrate

System

FA7

6.2.3.1 Hazards and safety concept

that the required functions have already been specified.

The general safety context starts by presenting the main components of the system. The HS that
handles a TU with passengers is considered as a toainsygstem: it is transporting persons, even

if it is just for a short distance. By the contrary, regarding the crowd, which is around the HS, this
system is considered as a machine and classical protection means and procedures must be applied
to protect persons outside of the TU (see various documents implementing Directive 2006/42/EC
of the European Parliament and of the Council of 17 May 2006 on machinery). It corresponds to

the highlevel requirement from the D4.4:

Table30: Funtional requirement HS3.6 as taken froifi*ods4Rail D4.4, 2024)

HS3.6 Automation The HS shall provide relevant automation functions, e.g. automatic movemg
' SafetyFunctions detection of CU and TU, detection of obstacles etc.
¢CKS 102@3S NBIdZANBYSy(d YSyidAzya | LI NOAOdz I NJ

allows the presence of the crowd around the moving HS when the inertia of the system allows
collision avoidance and harms (i.e. the speed is low). An examgoted practical application is

the boarding area of a cable car, where open, yet sto@ving machinery is in direct proximity to

the passengers it is designed to transport. This functioning assumption is linked to another
potential system function: the alitiy to close the system in order to ensure that no people are in

the transfer zone when the HS is moving.

Assuming, that the two requirements are fulfilled: no people are in the transfer zone, or the HS is
able to detect obstacle and stop without indugidamages or arming people, the three main

specific hazards leading to a danger are:
1. People could be falling from the TU

2. The whole TU could be falling from the CU or from the HS
3. Accidents or emergencies could happen to the passengers inside of a TU

Actualy, various kinds of problems could happen to passengers who are in a TU that is moved by
a HS. People could suddenly face health problems or be offended from aggressions by other
passengers. Fires might occur or passengers might get exposed to overleeatading. All these
scenarios may be handled by means of an emergency button or mechanism, triggering a tailored
emergency procedure. Indeed, alarm triggering corresponds to albigdh requirement of the

D4.4:
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Table31: Functiomal requirement OPPL5.11 as taken frafrods4Rail D4.4, 2024)

‘ OPPL5.11 | Alarm management ‘ The system shall allow to manage alarms and associated inform{

During this emergency danger handling procedure, reliable commuaicateans are important
to identify the situation and trigger an adequate safety management process, the D4.4 says:

Table32: Functional requirement HS4.4 as taken fraiffods4Rail D4.4, 2024)

The HS shall be equipped with all necessary communication infrastructur

HS4.4 Communications . .
seamless connectivity to the operation system.

Depending on the identified danger, crew intervention of fighters, paramedics or the police
might be necessary. lihis case, the HS must be in a state that allows a safe crew intervention.
Even when the solution is to evacuate passengers, the state of the coupling (TU towards HS) must
be in a state that allows a safe exit as previously specified:

Table33: Functional requirement HS3.2 as taken frqfdiods4Rail D4.4, 2024)

Automation The HS shall provide emergency solutions for passengers (e.g. emergengd

HS3.2 SafetyFunctions for passengers during the transfprocess, if applicable)

A safe state is more restrictive than only stopping the CU or the HS. For a ropeway, for example, it
may be better to move until a place can be reached where the rescue team can access the TU, or
where a mobile ladder can be usestopping a ropeway over a river, for instance, could be a too
difficult scenario. Anyway, all specific scenarios that might occur in one transshipment, should
have been studied, as specified in the deliverable D4.4:

Table34: Functonal requirement HS3.3 as taken fro(ods4Rail D4.4, 2024)

Automation The HS must have action cards in place for emergency situations, inclug

HS3.3 SafetyFunctions responses to unexpected events during loading, unilegdor transitions.

Within these scenarios, there are various failure modes like loss of electhityis case, doors
should not get unlocked before the TU reaches a safe state (which means, for instance, that the
rescue battery should at least allothe system to reach a safe state). Moreover, all the
communication needs of the TU are based on a rescue battery. In case of a motor failure in the
HS, at least an energy source should be provided to the TU in order to preserve communication
means and cmfort functions (cooling, etc). This need is already identified in the framework of the
D4.4
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Table35: Functional requirement HS5.2 as taken fraiifods4Rail D4.4, 2024)

The Handlingystem should be seamlessly powered, including a protection

HS5.2 Power supply safety plan for loss of electricity

Another hazard, which was listed above, is passengers falling from the TU or the TU falling from

the CU. In order to prevent the whole TU falling fromthé = | NXIjdzZA NBYSy i Ol vy
0SGsSSYy GKS /! FtTYR GKS ¢! aKz2dZ R y20 0SS dzyf 2¢
that the unloading process presented in the current deliverable is fulfilling this requirement. An
alternative requirementO2 dzf R 6SY daoKSy (GKS /! A& Y2QAy3:s

f 201 SR O

This requirement can allow dynamic unloading without stopping the CU if the coupling with the
HS is locked before unlocking the CU coupling. As it is not the gheitlmed bythe current
deliverable, the first requirement is more efficient. This safety discussion is also taking a part of
the transshipment process description within chapder

6.2.3.2 Safety discussion about passengers being in the wrong
place

This section contains a discussion of a specific fadted situation, that might happen to
passengers, specifically within the railway domain. When seVé&tate mounted on one Ra€U,
a passenger can be allowed to move freely betweenTlttée.g. going to a sanitary unit). Here the
following situations could appear:

A A TU will be removed together with the passenger inside this TU

A A dedicated Passenger Unit will be removed without the passenger being inside

A The way of a passenger could get mtgted between his current location and his dedicated TU,

because a TU in between was removed

If somebody remains in the wrong unit of a CU, for example in a sanitary unit or in the wrong TU
when the connected TU is removed, the corresponding passenbkrdked inside the wrong TU.

The passenger is blocked until a new TU is connected to the unit where he is located. In this case,
the passenger is not considered in a danger zone, because he is in a physically closed TU. Even in
the case when a passengeadhto wait twenty minutes within a sanitary unit, it cannot be
considered as a safety problem if the corresponding passenger is aware of his or her situation.

¢tKA&a fSIFIRa G2 F2NNdAZ TGS GKS F2tft26Ay 3 NBI dzA N
situal A2y o6& 0(GKS YSIya 2F dzi2YFGAO YSaal3aSa (N
first message should be sent a couple of minutes before the connection gets lost, so that
passengers may organize themselves. In today's train operation the follexamgple is the state

of the art: access to train platforms is forbidden a specific period of time before the train starts, in
order to potentially avoid dangerous scenarios. This way of common practice has proved its
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efficiency.

The TU can be seen as svimglies/containers for which no properly fitting standards exist today.
Therefore, existing standards are the only ones that can be used as a guide, what brings up the
need to analyse regulations e.g. for railway, buses or cable cars. To make an asspsssiblg,
the specification of a railway exit door (TSI Loc and Pass) is used as an example. It has two main
consequences:
1. You cannot open the door if the CU is moving.
2. You are only able to trigger an emergency stop (the corresponding device mentiocaisu'sd! will
be systematically prosecuted"): when you stop, then you may go out, but you triggered an alarm
and the crew members are aware of the situation.

The CU is not allowed to move when an exit door is opened, or an alarm must be triggered before
the CU or the HS will stop. Consequently, in the worst case, the situation is the same as one of a
train, that stopped on the track. A message can appear, saying: "do not go out of the train", or
"exiting the TU is only allowed with a stopped TU in fronthaf dedicated exit platform”. If the

CU is stopped in front of an exit platform, the CU surface is not made to be accessed by passengers,
but it is safe enough for maintenance tasks performed by staff members. Consulting the matrix of
risk of (DIN EN 5012@), the severity of the potential accident is not so high that it is not
compatible with the probability of the scenario. This first analysis leads us to an acceptable level
of the corresponding risk from a railway point ofwie

Regarding the scenario for Re@&d), the same hazards may appear, but the risk for passengers is
much less (except in the case of a highway). This is for example, becaus€BRar@dused for
shorter distances of travel, they do not load as mamyas Ril-CUand they also do not feature
sanitary units. In most cases only a single 10 ft TU will be loaded, or two 5 ft units that are not
connected to each other.

The conclusion of this safety discussion is, that passengers that are in the wrong TU may be
inconvenienced or have their travel delayed, but they are not at any particular safety risk, as long
as common design and communication principles are fulfilled.

6.2.3.3 Safe procedure of transshipment for the Handling
System

Using the above safety principlesatrare grounded on already existing hitgvel requirements of

the D4.4, an exemplary unloading procedure is presented is the followifgS G SN & LINR O
Ad dzyRSNE(G22R dzaAy3 (GKS 0O02YY2y RSTFAYAGAZ2YY al
may Yy SNE® C2NJ I GSOKYAOIt LINPOSRAZINE RSEAONALIIAZY

The procedure starts with a HS and the loaded supply CU in the transshipment area. Any steps of
the procedure can be interrupted by an emergency cyolesesting of:
Moving safely to a safe state and stopping.
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Moving safely means that specific hazards are avoided:
A All TU doors are locked

A At least one mechanical and electrical coupling is locked (CU or HS).

Safety conditions for authorizing the unloadiaige:
1. The HS coupling with the TU is locked (there should be relevant information available through

communication exchanges. The reliability of the service should be at a level allowing the risk to the
corresponding hazards to be kept to an acceptablel)eve

2. The HS shall always communicate (provide and receive) specific feedback data about the process
status according to the defined process description for safe loading and unloading.

3. All the exit doors of the TU are locked. Exit doors of the TU incthdeside doors that may lead
to another TU put on the same CU: the goal is to prevent passengers falling through an open door.
In the case of several TU on the same CU, passengers may access to neigfibbiedthis
reason, a warning message should betgo passengers before locking the doors (warning belongs
to the initialization, such as locking the doors).

The second phase is: Moving to a transfer state.
In the case of hoist transfer or ropeway, it corresponds to lifting the TU to a height whekShe
can initiate a lateral movement. To ensure a safe movement, two information are needed:
A No obstacle on the trajectory (D4.4 HS 3.6)
A Receiving the information that the targeted place is free (for example, no TU on the CU where the
HS wants to put thisU).

The third step is to perform a lateral movement towards the receiving CU or an unloading area.
The initialization conditions are:

A Being at the required location

A Receiving the needed information (D4.4 HSD3.5) from the receiving CU (when the targ&)is a

The fourth phase is going down to the target place (in case of ropeway and hoist). Here, it has to
be checked that the correct information is received before unlocking the coupling system towards
the TU (Coupling with the receiving CU is locked).

The fifth phase is, to lift up the HS and move it away.

The ending phase allows to unlock the exit doors (towards another TU or to the outside of the
system constituted by the coupling.
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6.2.4 Description of the loading and unloading procedure and
interfaces fo positioning the Transport Unit on a Train
Carrier Unit

System definitions for the loading and unloading strategy

The comparison and evaluation of several HS technologies within this task (clbap@rhas
shown, that there is no clear best technology which can be directly and exclusively applied to
Pods4Rail. The evaluation process showed that the most suitable solution depends on the system
boundaries and the transshipment scenarios. Also, in case ofysafgtiirements, the hazard and
safety assessment (chaptér2.3 made clear that every system can be safe, as long as efficient
safety features are being established. Because of that some general system definitions and
assumptons are being introduced imable36, in order to define an overall safe, functional and
efficient loading and unloading procedure. Since these aspects can affect the whole Pods4Rail
system, it is highly suggestéalre-analysethese system definitions within later WPs.

Table36: System definitions and approach for Pods4Rail concept

Topic Main guestion System approach, suggested for Pods4Rail
Transshipment [Should it be possibl®  [The main transfer should be limited to stations due to the
flexibility transfer theTUfrom CU t¢high complexity of the HS infrastructure and the Pods4R

CU anywhere or only at
stations?

approach: RoaCU(and other domains) are used as
suppliers for RaiCU

Road-CU(and others) are able to pick up and drép
anywhere. RaiCUdont need to place a TU on ground.
TheTUshould be able to be placed on theognd because
someUCdemand for easy accessibility and flexibility. To
reduce the TU complexity, this feature can be limited to
specificUC(e.g. PRM or shopfloor). Other solutions like C
integrated lifting devices could be used additionally.

Do theTUhave to be
placed on ground or can
the CU be equipped with
lifting device?

TU accessibility]

System Should we follow the "onlA general "One for all" approach is not suggested becau

complexity for all* approach and  will rapidly increase the complexity die system. It is
develop one standard Hiexpected to be more efficient to have specialised solutior
for every task or can we |[depending on the transshipment scenario. Nevertheless,
have different HS varian|HS should be as standardised as possible and variants s
for different tasks? be combined, if suitable.

TU storage How is the acessibility, [The main storage systems should be connected to

systems location and type of transshipment stations and provide space for stacking ar

storage system?

parking ofTU Also parking of Roa@Uis possible.
Additionally, smaller hubs (e.g. only a parkapgce and TU
storage without stacking) can be installed anywhere but

should be limited to smaller sizes.
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Description of the Loading and Unloading Procedure

By following these system boundaries and assumptions, the TU is decided to be compatible to
H®7, HS08 and HS10. Those thid8technologies will address all relevant transshipment
scenarios:

A TSO01: Picking up/Placing down TU on grourrdHSO08: Integrated lifting device inside TU

A TS02: Transfer of TU from road to ma# HS07: (Autonomous) forklgystem

A TS03: Transfer of TU to other domains HS10: Direct transshipment

A TS04: Transfer of TU to the storage systemHSO07: (Autonomous) forklift system

For transshipping th&@Ufrom CU to CU on ground level, an (autonomous) forklift system can be
used(HSO07). This system can also provide the transshipment to the storage system, located in the
station. To use such a system, the TU must provide a bottom structure which fits to standardized
forklift devices. Today, a variety of forklift systems are abtlan the market: From starald

forklift trucks to forklift adapters focranes, up to fully automated higtay warehouse solutions.

Also, the possible size of loads varies from standard pallets up to fully loaded shipping containers.
This system allowaully automated as well as manual handling and could therefore be used for
service or transport tasks out of the normal operating conditidfigure21 shows some options

for suitable systems. The design proposahef required interfaces is described in chapéeB.

Figure21: Forklift handling devices, used in industry. a) Forklift trucks and empty handlers for
shipping containers. b) Mobiléorklift adapter for cranes. c) Automated highbay warehouse
mover (J&S Maritime Ltd, 2024; Palfinger AG, 2024; CDN, 2024; Pressebox, 2024)

|

m
Iiili||
Figure22: Roof handling devicg used in industry. a) Straddle/Shuttle Carrier for shipping

containers. b) Stacking/Gantry crane. c) Top pick crane truck. d) ConnX prototype by Leitner
AG(J&S Maritime Ltd, 2024; Leitner AG, 2024)
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For placing th@U on ground, an integrated lifting device (HS08) is implemented inside the TU. To
use this system, relevaitUhave to be equipped with electric cylinders in all corners. This system
should be limited to the most relevarity also it could be limited tohe road domain because

there is the biggest demand for this system. This also means, that®ddthve to be as flat and
narrow as possible, to allow the TU to lift itself vertically before it will be able to lower itself to the
ground level.Figure 23 shows relevant technical solutions for a-kfble TU from industrial
standards as well as automated vehicle concepts. If the CU will be able to leave the TU in driving
direction (i.e. towards the front), systems likbown in pictures a) to d) would be possible. The
legs inside the TU could be vertically pushed or using a folding mechanism. In both ways the legs
have to be wider than the CU, to allow its free movement. If the TU will be pushed away sidewise
(which isnot considered in our approach, but would still be possible), then a system like a scissor
lift table inside the TU bottom structure would be possible (as shown in picture e). The limitations
appear, that the lifting mechanism is increasing the TU contglestosts and weight. Options for
improving the technology are to narrow the CU with a-iGldgrated lifting device for smaller

lifting movements. The exact positioning and type of such a system would be subject for future
WPs and Tasks when the-&quipment is developed in more details.

Figure23: Concepts for Tlntegrated lifting devices. a) Rinspeed Snap concept. b) Truck and
trailer swap body platform with rotating stands. c) Detail view of rotating stands. d) Crane
standswith horizontal and vertical movements. e) Scissor lift tablRinSpeed AG, 2024;
Logistra, 2024; Mein Lagerraum® GmbH, 2024; RZ GmbH, 2024; Alfotec GmbH, 2024)

Loading interfaces between Tlhd CU

In all those scenarios, every TU will be moved vertically from the CU. This affects the CU design in
that way, that the interfaces and geometry shall support the vertical movement of thegether

with a flat CU design for enabling the TU liftireyide. For a successful loading and unloading, the
main factors are a precise positioning without clashing of one TU into another TU as well as a
system that can overcome a tolerance while locking the TU.

As stated in chapteB.2.2 a basic accuracy is required for the automation system. This includes
the CU positioning within the transfer zone as well as positioning the HS dfar doing the
transshipment. Based on today's automation systems that where sedlyn this task, the
accuracy can be expected to be in the range eB2Q0nm by the year of deployment. The final
positioning accuracy of the TU towards the CU is then less than 20 mm and will be covered by the
coupling mechanism.
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As stated in chapte.4.2 an automatic twistlock mechanism will be chosen for locking the TU to
the CU. Every twistlock system has an integrated tolerance for its positioning on the CU (due to
movable ground plates) as well asaerance in its locking pin, due to its conical geometry. The
combination of these two geometries allows to overcome the necessary tolerance range for the
transshipment process. Because of that, additional guide rails are not needed.

A drawing of the comlete CU to TU connecting area with the use of a twistlock pattern will be
shown in chapte6.4.6

6.3 Concepffor interfaces between the Transport Unit and the
Handling System

Based on the previous elaboratiorsnd definitions, this chapter defines the necessary
requirementsand dimensions of the interface solutions between the TU and the HS proposed in
chapter6.2.2 The focus here is on the three different interfaeguirements:
1. Transshipment with an integrated lifting device, according to TSO1 (Picking up/Placing down TU
on groundg road only)
2. Transshipment with an (autonomous) forklift system, according to TS02 or TS04 (Transfer of TU
from road to rail / from raito road / from rail to rail / Transfer of TU to the storage system)
3. Direct transshipment, according to TS03 (Transfer of TU to other dom&apeway, Air,

Shipping)

For a detailed descriptioaf the scenarios TS0l to TS04, Sable23. The requirements for the
interface of the three required solution variants are first described below, followed by a more
detailed description of the interface. In the following, fork pockets refer to the openings into which
the individual forks othe forklift are inserted.

6.3.1 Requirements regarding the interfaces between the
Transport Unit and the Handling System

The requirements that apply to aliSand transshipment processes as well as the specific
requirements for the respective transshipmentogesses are listed in the following tables. The
first column contains a clear designation and name, the following column describes these in more
detail and the last column finally defines the outputs for the concretisation of thel$lunterface.

Only the specifications directly relating to the interface aoensidered Not, however, the
requirements that apply to the general TU concept (e.g. RGEN&e 37: here it is not
considered that the TU requires an antenna, but thacglomagnetic compatibility should only

be consideredin CAD). The requirements are based on the previous deliverables, the previous
work in this deliverable and the exchange between the experts involved within WP 7. For this
reason, no precise sources aried.
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The followingTable37 defines the requirements that apply to all transshipment processes.

Table37: General requirements for the HBU interface

Emergency exit

Naming Description Rough Specification
RGEN1 Each TU should be operated with all external HS in ed TUmust have the same H8terface pattern or
Compatibility TS (exception: TSODnly realised for specific purposes| be designed so, that a scalable HS can transp(
any form of TU.
RGEN2 TheTU must always be lifted in a vertical direction Provide sufficient space in the vertical directior]
Direction before it can be moved in another direction. flat interfaces are preferable
RGEN3 Reliable telecommunication for exchange of informati¢ Observe electromagnetic compatibility when
Telecoms duringun-/loading should be available. The bandwidth| changing the state of the power supply
requirement is not high
RGEN4 TU must be sufficiently robust in the area of the HS Integrate structural parts to HBiterfaces
Robustness mountings to absorb forces / &als. Edges and corners
must be reinforced accordingly.
RGENS5.1 The interfaces must be accessible to the HS at all tim{ Interfaces must be installed on bothdes of the
Accessibility They must not be permanently covered TU in the direction of travel. A roof interface
must provide sufficient space all round
RGENS5.2 Interfaces of different domains (e.g. W interface and| Maintain sufficient distance and consider other,
Accessibility TUHS interface) must not collide with each other and| interfaces from the start (e.g. corner castings f
must always be accsible twistlocks)
RGEN6 The HS must not block the emergency exits or additio] The interface must be pd®ned so, that the HS

emergency exits must be available.

does not block all emergency exits.

RGEN7 Interface and HS be designed so, that relevant lights /| Interface must be designed that it is not in the
Markings markings remain always visible way of relevant markings / lights
RGENS8 The interfaces must be monitored, to ensure the right| Integration of appropriate reliable sensors in
Monitoring connection and to detect damage early. each interface
RGEN9 Catastrophic failure of the entire connection must be | The interface must be designed to be redundal
Redundancy prevented. Looseningfailure of one interface must not| or sufficiently robust
lead to a critical failure.
RGEN10 EN 15056+A1 CraneRequirements for container Follow the standard to be universal in usagéw
handling spreaders common lifting devices
RGEN11 ISO 3874:1999 (26 9345) Series 1 containkiandling Follow the standard to be universal in usage w

and fixing

common lifting devices

Requirements for the TUHS interface for the transshipment scenario TS01

The fdlowing Table38 lists specific requirements for the interface between TU and HS for placing
the TU on ground. The focus here is primarily on the possible realisation of the lifting mechanism.
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Table38: Requirements for the HF U interface for an integrated lifting device

Naming Description Rough Specification

RILD1 The interface/lifting path must be designe|l The lifting pah must be at least 1200 mm for compatibility with

Lifting Path | so that the TU is lifted high enough for thq existing swap bodies. If it is assumed that the lifting mechanisn
CU to pass underneath. only applies to newly developedU a lifting mechanism of 840

mm must still be provided. (Outer diameter of the smallest
standard tyre fora VW bus (215/65 R16 C; 686 r(frorsche
Austria, 2024) a structure of 100 mm and an additional lifting
travel of 50 mm to decouple the TU from the CU. Prerequisite:
Chassis can be lowered

RILD2 The extendabléeet must pass to the side | The TU has a width of 2438 mm, the max. width for a road veh
Extendable | of the CU so that the CU can pass is 2550 mm. Each foot may therefore be a maximum of 56 mm|
feet underneath. wide. Or extend the ft sideways using an additional mecdrani
RILD3 In the event of an unplanned malfunction{ No direct requirement for the CAD.
Secure the lifting mechanism must assume a safy
Locking state. Ideally, it should drive down to the

ground in a controlled manner.
RILD4 Object detection: It must beresured that 1-2 optical sensors that analyse the parking area

nothing is under the TU when it is placed
down (animals, objects, etc.)

Requirements for the THS interface for the transshipment with an (autonomous) forklift
truck (TS02, TS04)

The specifi requirements for the TS interface for a transshipment with an (autonomous)
forklift truck are defined below ifTable39. This primarily concerns TS03, i.e. handling from road
to rail and vice versa, but also radlil handlirg and handling in a storage system.

Table39: Requirements for the HFU interface for an (autonomous) forklift system

Naming Description Rough Specification

RFLS1 Forks must fit / be standardised for different typef forklift trucks A detailed elaboration follows in
Standardisation | (heavyduty forklift trucks and smaller forklift trucks / pallet trucks) chapter 6.3.2

RFLS2 Interface must provide locking mechanism for safe passenger transff Mechanical locking of forks
Locking

RFLS3 Weight | With unequal mass distribution the TU or the interface must be Each interface must be designeq
distribution designed so, that it can compensate for a shift in the centre of gravit| with a sufficient safety factor.
RFLS4 Fork pakets should be designed in accordance with the applicable | Distance between pockets: 900
Dimensions standards and ensure sufficient tilting stability. mm - 2050 mm

RFLS5 For maintenance purposes / locking, the fork pockets should not be | Distance between openings at
Accessibility completely cloed least 200 mm

RFLS6 Failure | In case of system failure, the safety of the forklift trucks drive@n{y) Refer to industrial requirements
management shouldbe ensured of forklift operations

Requirements for the TWHS inerface for direct Transshipment (TS03)

Further requirements are needed for direct transfer in accordance with the options described in
chapter6.2.4 On the one hand, the interfaces on the roof must be considemnd, on the other
hand, devices for possible fork transport must be provided, which are similar to classic forklift
transport. These requirements are listed in Table 40.
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Table40: Requirements for the HFU interface for a diret transshipment

Naming Description Rough Specification
RDT1 No energy needs to be transmitted during the transshipment procd Interface must be provided, as alU
Energy supply| as the TU has its own energy supply. should be the same.
The exception to this is direct and permanent transshipment with g In case of failure, the duration of the
ropewayor drone, where an electrical or signalling interface is safe state is related to the duration
required. of the energy supply of the TU.
RDT2 If the TU is lifted on the roof or with a fork system, these interfaces| Mechanical locking must be
Locking must ensure safe transport. provided.
RDT3 The HS must be fixed to the roof at minimum two points for Provide at least two interfaces
Roof Locking | stabilisation. Also, for an HS based on a ffirkjistem
RDT4 A sufficient number of doors/emergency exits must always be Position the interface so that at leas
Accessibility | accessible and must not be blocked by the interface/the HS. Also \ onedoor is accessible.
for PRM facilities.
RDT5 Interface must be designed so that a scalable HS can serve any si| Standardized hole pattern according
Hole pattern | TU, whereby only 5 ft and 10 ft containers are occupied by 1ISO668
passengers.

6.3.2 Specifications of the interfas between the Transport Unit
and the Handling System

In this chapter, sketches are created that consider the abueationed requirements for the HS

TU interface. Firstly, the roof interface for direct transshipment is discussed below, followed by
the required interface to an (autonomous) forklift system. The first is also a corresponding
interface for the TLCU interface and is processed in parallel to Chapitt

Specifications for the THHS interface dr direct transshipment to ropeways or drones (TS03)

In accordance with the contents of chapter 6.4 and the further discussions in WP 7, the existing
connection type for ISO containers was discussed as the interface for thidJGuhd THHS
interface. Thes have corresponding corner castings at the corners as shoWwigiure24 (left).

These corner castings have the outer dimensions showigure24 (right). The exact dimensions

of the hdes in the corner castings can be found at various manufacturers. These differ depending
on whether they are attached to the top or bottom of the container. The corner castings used here
were taken from(Navacqs, 2024)These nstallation spaces must be kept free during the
development of the TU. While the hole pattern of the corner castings and the mechanical
connection points are highly relevant for the CU, it is assumed for the roof connection that it is a
scalable HS that oaserve the relevant devices for 5 ft containers as well as for 10 ft and 20 ft
containers. As the HS will only be defined in WP 13 and at the same time the TU should be as
standardised as possible, it is assumed that even if the requirements only cakkdonections in

the roof area, a corner casting will still be fitted at each corner.
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Figure24: Corner Castings for ISOontainers according ISO 6@8owLearn.net, 2024; All
Things Containes, 2024)

The exact position of the individual corner castings according to 1ISO© B&3)01 is shown in
Figure25below. The dimensions of the 10 ft and 20 ft containers are taken from the standard, the
valuesfor the nonstandardised 5 ft container were scaled according to the other two containers.
The distances C1 and C2 have not been changed. These devices/corner castings arranged in the
roof should be used by the HS engaging with the roof in order to lodlabso to stabilise the TU.
These areas must be structurally designed in such a way that they guarantee sufficient structural
integrity by lifting at these points, even with an unfavourable weight distribution / centre of gravity
position. The centre attdanent points of the 20 ft container with the distances S2 and S3 are not
considered relevant for the FHS and T U interface folTUnewly developed in this WP. The
mechanical locking should be carried out exclusively via the corner castings. For $ois, riée
installation spaces for this are also neglected in the TU design below. Should a TU / freight
container nevertheless have and require this interface, it can be operated by the CU or the HS.
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Figure25: Measurements forCorner Castings (yellow points). The values S2 and S3 for 20 ft
Contairer are flexible and depend on the load according {®0668, 2020)
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Structural integrity is not relevant for the electrical and signalling interface @ordance with
Chapter6.4.3 and Chapter6.4.4 In order to keep the cable routes as short as possible, a
connection point in the roof area should be provided thaasscentral as possible. Furthermore,

the TU must be able to be picked up by the HS from both sides. Due to the required symmetry, the
electrical interface must therefore be mounted in the centre of the roof. In order to provide an
interface that is as sinie and economical as possible, the interface in the roof area and in the
floor should be designed identically. This should fulfil the requirements of plug type 2 in
accordance wit(DIN EN IEC 621:26202403). The installation sapce for the charging socket in

the vehicle is approximately 80 mm x 80 mm x9t6mm (WxHxD). The implementation in the
vehicle can be seen iRigure26 for a conventional electric vehicle. This includes the actual
charging socket, the cable connections and the necessary electronics. Additional space must be
planned for cable routing and secure fastening within the vehicle body, e.g. by placing a sheet
metal part. Furthermore, this interface must have a dust and emyaoof cover that is
automatically pushed aside during the connection process.

T

Figure26: Electrical Interface/Coupling with a Type 2 charging connector; Installation space of
approx.80 mm x 80 mm x 780 mm (WxHxDJGolem.de, 2024; Schwabisch Hall AG, 2024)

While the geometry of the electrical interface can be customized, the normative boundary
conditions apply to the mechanical interface with the corner castings. The dimensions andrposit

of these cannot therefore be changed. This has an influence on the rest of the packaging, such as
the air conditioning system, which must be positioned according to the set boundary conditions.

Specifications for the THHS interface for the transshipent with an (autonomous) forklift truck
(TS02 and TS04)

While the corner castings are standardised and fixed, especially for direct transshipment, there
are fewer fixed requirements for the interface of a transshipment process with a forklift system.
TheTU should be able to be transported with an (autonomous) forklift truck or similar. A device,
e.g. in the form of fork pockets, must be provided for this purpose. The necessary dimensions and
recommended positions are shown below. The forklift pocketstrhasarranged according to the
centre of gravity, so that the TU is as balanced as possible. The design requirements for each
forklift pocket (either for the forklift truck or pallet trucks) depend on the actual device which is
used. Only general geometoonfigurations can be given here. It is important to mention here
that both the forklift and the HS must have scalable forks / mounts between 900 mm and 2050
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mm (seeTable39). A uniform distance between the forlopkets across all TU sizes is not feasible,
as the stability of the large 10 ft and 20TUis not given due to the necessary small distance
between the 5 ftTU,

As mentioned above, it is important that the fork pockets do not collide with the cornéingas
Figure27 shows the dimensions and possible arrangements. It is clear that with a 5 ft container
(Figure27, a)) there is no room for additional fork pockets for pallet trucks. Only classic fork
pockets can be used here. As described in the requirements, these should be as far apart as
possible to ensure maximum stability. The arrangement in relation to the doeouwuis also
critical. It is important to ensure that there is sufficient structuetween the corner castings and

fork pockets to carry the loads that occur. The size of the 10 ft container allows the integration of
fork pockets for a pallet truck={gure27, b)). The distance between the fork gkets for a forklift

was chosen so that it is one third of the width of the TU. This ensures that the TU sits stably on the
forks and that the load is well distributed. Similarly, we recommend widening the distance
between the forks of a 20 ft container tbe maximum possible (2050 mm) so that the distance is
also one third of the container width. Furthermore, the distance of 2000 mm chosen for a 10 ft
container means that a possible door could be placed in the centre and the lifting points would no
longerbe in the area of structural weakening due to a door.

| |
| ! L 1 ' ¥
a) ; f b) :
5° TU with door : 10°TU !
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— Forkliift pocket : £ E 1 Forklift pocket : £
i S |2 ! i =
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I
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L
= | = Y - e Y e | —1 Y
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Figure27: Side view of the packaging of corner castings and forklift pockets for the a) 5 ft and
the b) 10 ft container

Specifications for the TWHS interface for placing &U on the ground (TS01)

For the pure lifting of a TU from the CU, an essential aspect is that the required interface does not
collide with the existing corner castings. It is therefore imperative that these comply with the
relevant requirements and dimeions. Reference is made here to standépdN EN 284:2007

01), which describes the design of such mechanisms for swap bodies and their dimensions.
Another possibility is to realise an extendable lifting mechanism for a 5 taicer above the
corner castings or for a 10 ft container between the corner castings and fork pockets. As described
in the previous chapter, this mechanism must then have a lifting height of 2050 mm when used
purely in road transport and with th€Udevebped in Pods4Rail. Otherwise, a lifting height of
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1200 mm is required. It is important to ensure that the mechanism extends to the side and is wider
than the CU itself. The mechanism can be electric, pneumatic or hydraulic. Electric control is
preferable die to the ease of maintenance and the fact that no pipework is required.

6.4 Concept for the physical coupling and locking interfaces
between the Transport Unit and the Carrier Unit

In the following, various coupling mechanisms are presented and evaluateithdoTU to CU
interface. The required interface solutions are divided into mechanical, electrical, signalling and
media (water, gas, etc.) coupling mechanisms according to their intended use. However, the same
approach and methods of the solution findings followed for all mechanisms.

Firstly, possible interface solutions were assigned to their intended use and their relevant coupling
type-specific data (e.g. fixed spatial directions for mechanical coupling devices) were researched.

Secondly, relevanevaluation criteria were then compiled, described and weighted by the
project's group of experts. The weighting describes whether the criterion has a low importance
(value = 1), a medium importance (value = 2) or a high importance (value = 3) for tbigosele
process or implementation in the Pods4Rail system. The following evaluation criteria, including
their weighting, are shown in Table 41 for all individual coupling methods.

Subsequently, all coupling mechanisms and interface solutions were evaldtecegard to the
specific evaluation criteria and their fulfilment by the selected method in the expert group with at
least three experts. The rating scale was standardised to an integer value between 1 and 5. A score
of 1 means poor fulfilment or "no @sibility of fulfilment" and a score of 5 means the best possible
fulfilment of the specific criterion. This score is then multiplied by the value of the weighting. The
concept with the highest score can be regarded as the most suitable solution. Dueddférent
number of evaluation criteria and the partially differing weighting, there are also different
maximum values for the various interface solutions. For mechanical couplings and the coupling for
media, the score varies between 14 and 70 points,diectrical solutions between 17 and 85
points and for signal couplings between 18 and 90 points.

The evaluation method applied in chapt#is similar to the method applied in chaptér2. Also,
both chapters were being developed simultaneously.
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Table 41: Definition of evaluation criteria for different coupling methods; *Rating for signal
couplings: 2; **Rating for signal couplings: 3

Importance of

criteria
Evaluation crieria for Sl (Multiplica;ioﬁ
: ; Factor
different coupling methods 3 = Most important
2 = Medium
1 = Least important
Price/ Costs Costs for implementation in Pod system 1
Grade of automation Possibility for fully autonomousold system 3*
Complexity of CU Space consumption, weight, moving parts, additional pat 2
support structures
Complexity of TU Space consumption, weight, moving parts, additional pat 5
support structures
Standardisation Suitability for all TU"s an@dJ (one solution for the Pod 3
system)
Safety Fulfil safety requirements, emergency solutions 2
Maintainance Simplicity, reachability, exchangeability etc. 1+
Electric parameters . -
(Only for Electrical Couplings Ability for sufficient power supply 3
Communication parameters Ability for sufficient signal transfers, coverage, scalability 3

(Only for Signal Couplings)

The following sub chapters include a brief description of the various interface solutions of the
different coupling methods that are sultée for the TUCU interface. The evaluation matrix for
these solutions is then presented. The two most promising methods are then described in more
detail. Finally, the solution that is most suitable for the further development in the Pods4Rail
concept ighen defined.

6.4.1 Requirement specification for the mechanical, electrical and
communication interface

In order to find suitable coupling methods, the most relevant functional requirements are

summarised infable 42 The input is taken from WP 2, WP 3 and ¥&hd added with specific
design suggestions for the interface development.
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Table42: Functional requirements for the TU to CU coupling systéPods4Rail D4.4, 2024)

Requiremen Source Requiremen Input Output for TU Design
ID
HS6.2 Expert Knowledge ISO 3874:1999 (26 9345) Series 1 containery Follow the standard in order to b
Pods4Rail Handling and fixing universal in usage with commor
lifting devices
TU_S1; Pods4Rail GA Same contact pais and interfaces Standardised mounting points ar
TU_S2 coupling devices for all applicatio|
TU_S3to | Pods4Rail GA; Pods4R Mechanical force transmission, electricity | Provide mechanical coupling for
TU_S6; | D2.1; DACcelerate S2H  transmissioncommunication transmission, UC’s. Provide electrical, signal
CS5.1; CS6| Project Deliverable D3.] medium transmission, if needed medium couplings depending ol
Cs8.1 UC.
CS1.2; Pods4Rail D4.1;  |Coupling/uncouplig shall be fully automatic, serl Provide automatic and manual
CS10.1 [DACcelerate S2RE Proj automatic or manual solution for all coupling systems
Deliverable D3.2
CS1.3; CS1|DACcelerate S2RE Proj| The coupling assembly shall be easy, quick, gProvide simple, standardised and
CS1.6 Deliverable D3.2; safe, as simp as possible, strong enough to standardisable solution
Pods4Rail GA maintain the TU in its position, standardized
CS1.9; Cs4 Pods4Rail D4.1; Compatible with all theontemplated different Scalable interfaces should be
RT6.4 [DACcelerate S2RE Proj| sizes offU with uniform and suitable interface provided for all Tksizes
Deliverable D3.2;
Pods4Rail GA
CSsl.11 EuroSpee Automatic The coupling system shall be equipped with { Provide possikily for (electrical)
Coupler heating system for defrosting heating system, if needed
CS1.14 |DACcelerate S2RE Proj| Both mechanical and electrical connection shal| Provide sensors/system to monit|
Deliverable D3.2 detected by sensors/switches and physical | coupling statugdigitally and to be
visualization. monitored by an operator)
CS2.4; CS2| EuroSpee Automatic | Short maintenance times without special tools | Coupling mechanisms should b
Coupler dismounting main parts easily accessible and low compl
CS4.1 UIC code 571 The couting should follow the UIC code 541 | TU should be easily connected a|
Standard WagonsWagons for Combined | transported by regular wagons fc
Transport- Characteristics. combined transport
CS9.2 EuroSpee Automatic | The electrical connectiorghall have the adequat| Follow standards and provide
Coupler characteristics and protections determined by t| weather resistance and corrosio
corresponding standards (e.g. EN 60529, EN 5( protection measures
CSl11 Pods4Rail D2.2 Produce a noise to informvhen the coupling Coupling systems shall create
process has been successful natural or synthetic sounds

The list of requirements from Deliverable D4.4 shows that the most relevant general design
principles are the aim of standardisation (e.g. HS06, TUCS®.2), scalability (e.g. CS1.9, CS4.2,
RT6.4) and the wish to keep complexity low (e.g. CS1.3, CS1.5, CS1.6) in order to be compatible to
today's standards as well as to be flexible for all possible TU configurations. It will be a benefit to
use high arount of relevant connections and transport possibilities, standardized and used
nowadays.

Specifically, for the mechanical connection between the CU and TU (see chapter 6.4.2) an
automatic system, without operator intervention shall be foreseen. In D4d#haual connection

was considered for emergency situations and failures in the automatic system, therefore a fall
back solution can be implemented. The mechanical connection should be flexible, but stable and
safe enough to prevent unwanted relative motgrAdditionally, it must enable the connection of
electrical power (see chapter 6.4.3) and of signals (see chapter.6.4.4)
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Each TU should be equipped with its own small power source, e.g. a lithium battery. When placed
on the CU, the TU would establish@upection to a central source, enabling the recharge of its
battery. During operation, the electrical consumers inside Thésuch as HVAC unit, lighting or

the CCTV system would then be powered by the CU source. While handling or lifting, it would need
to6 S LI2USNBER FNRY GKS ¢! Qa 24y oFGUSNE F2N |

Water (or media) transfer is not expected to be incorporated (see chapter 6.4.5). However,
incorporation of service unit, i.e. with a toilet, could be considered.

Based on the specified)C of the Pods4Rail project, following recommendations for the
mechanical, electrical and communication interface shall be taken into consideration:
1. Whenthe TU is loaded on the CU, the energy transfer should come from the central source, i.e. the

CU, to tte individualTU. The main idea is that the electrical linkage will happen simultaneously or
shortly after the mechanical connection with usage of the electrical connector located in the same
place for all dimensions of TU. This will ensure connection lfopassible TU configurations.
Additionally, each of the individu@lUshall be equipped with its own battery that would be charged
when the TU connects to the CU. The CU has to be equipped by counterparts for electrical
connectors, so charging will be nmbssible by usage of regul@tJor trailers. The commonly used
maintenancefree batteries can last approximately 10 to 12 years without the need for
maintenance, thus eliminating the safety risk of power loss in the TU.

2. If the current European standardsearespected, the forces transmitted within the mechanical
connection should be the same or rather higher than those given in the strength requirements for
the Pod.

3. Each TU should be equipped with an onboard control unit to ensure efficient communication a
to enable remote operation. Because of that, there should also be a WTB gateway, through which
the operator gives various instructions, e.g. to open the doors. It can be assumed that there will
not be any operating staff in the TU. Therefore, the neapsdevel of intercommunication
between the passengers and the driver or other staff shall be ensured. In addition to that, the TU
shall be able to transmit information about its current health or load status towards the operation
system and also to reces data from other system elements.

4. In the event of electrical blackout, the HVAC and the emergency lighting should continue to
operate. This would be possible by equipping each unit with its own battery with a sufficient
capacity, as discussed previously

6.4.2 Comparison of mechanical coupling methods

This chapter focuses amalysingand evaluating different mechanical coupling methods (MCM)

for the Pods4Rail project. We found out that mechanical couplings can be used either for a
connection from TWUIU orfor the connection from TWCU. In this chapter we only discuss the
mechanical couplings suitable for CU to TU connection. Mechanical couplings suitable for TU to
TU connection will be discussed in chapter 6.5.
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Suitable options for the mechanical coupling

Six of the analysed coupling mechanisms are suitable for thR€U lihterface and are therefore
described shortly in the following.

MCMO1: Touckdown pin

The simplest form of coupling the TU with the CU is a-pllgystem. For this system, one side of

the system, for example the CU, requires a pin at defined positions and the counterpart, in this
case the TU, a precisely fitting recess. The TU can then be placed on the CU using the HS. This
simple coupling method, known as the "toudbwn pin", is wideg} used in the rail vehicle sector

for classic freight wagons and the containers are standardised accordingly. The advantages of this
system are its simplicity, flexibility and the fact that it is a widely used standardised system.
Automation is not yet pssible and would have to be develop@dl G AG, 2020)

MCMO02: Twistlock

ISO twistlocks are a more advanced form of Tediovn pins. They are used to securely fasten
ISO containers to means of transport such as ships, railwgpngaand lorries. The functionality

of twistlocks is based on a simple but effective locking mechanism. A typical twistlock consists of
a rotating bolt and a locking mechanism. The bracket on the container into which the twistlock is
inserted is designeditreceive the bolt and activate the locking mechanism when the twistlock is
correctly inserted. The actual locking process is carried out by turning the bolt. The rotation of the
bolt causes the locking mechanism to lock into the bracket, which holdsotitaioer securely in

place. Nowadays this mechanism is being done manually, for an autonomous system it could be
automated(JOST, 2024)

MCMO3: Hook lockings

Hook lockings are suitable for quick and easy assembly and digalysd hey are often used in

the transport and logistics industry to secure loads on lorries, trailers or other means of transport.
They offer a quick and secure fastening solution for various types of cargo. Even in areas with
extreme requirements, suchsaconstruction machinery, hook latches are used to secure
attachments such as buckets, grabs or hydraulic hammers to construction machinery. They offer
great potential despite their simple design. By positioning pins or rods, the easily automated hook
lockings can accommodate the TU with a relatively large tolerance compensation, in which the
hooks enclose the rods or pins and bring them into the required posjon G Tectronic GmbH,
2024)

MCMO5: Fifth wheel coupling

A common coupling method between truck and trailer for articulated lorries is the fifth wheel
coupling. The fifth wheel coupling is provided by the CU vehicle and consists of a plate with a built
in locking mechanism. The trailer has the counterpart, theaed kingpin. So the trailer rests on

Pods4Rail i GA 101121853 82| 167



FA7

(=

Zurope's

the coupling. The main advantages of this system are the secure connection and continued
manoeuvrability In the context of Pods4Rail, its use only makes limited sense, dsouaidl
vehicles or the TU intended for thedo not require independentmanoeuvrability The system
could therefore be reduced to the simple principle of the abaventioned touchdown pin(SAF
HOLLAND SE , 2024)

MCMOQ7: Clamping mechanism

A mechanical coupling betwedhe TU and CU can also be achieved using a-fdrceamping
mechanism. The TU positioned by other devices can be firmly connected to the CU using hydraulic
clamping jaws, for example. The advantage here is that the device for the mechanical connection
is not required on the TU, which means that the TU is less complex.

MCM12: 4point linear coupling

The coupling mechanism is locking the TU by pushing an electric linear actuator (located in the CU)
into the bottom structure of the TU. Each TU therefbigs a geometrically fitting part. Due to the
4-point locking, the TU is locked in all directions. No additional transmission of electricity etc.
included. The locking can do a positioning of the TU in a small range, if the dimensions are
according to thedad limits(DLR, 2024)

Evaluation of all suitable concepts

The evaluation table of the six suitable options is showhahle43. The first column shows the
evaluation criteria, the second colungimows priority criteria as a multiplication factor with the
given points of the evaluation. The evaluation points have a range from 5 (verygblodent of
criterion) to 1 (very poofulfilment). The highest rated solutions can be seen as the mostidaita
coupling method.

Table43: Evaluation table of suitable mechanical couplings for the-CU connection

Evaluation criteria|lmportance [MCMO01: MCMO02: MCMO3: MCMO5: fifth MCMO7: MCM12: 4-
for MCM Touch-down [Twist lock Hook wheel Clamping point linear
pin lockings coupling mechanism |coupling
Price/ Costs 1 4 4 4 3 2 2
Grade Of. 3 1 4 5 5 5 5
automation
Corr?plemty of 5 4 4 4 3 3 9
carrier
Complexity of TU 2 4 4 4 2 3 2
Standardisation 3 5 5 4 2 3 2
Safety 2 & 4 4 4 4 4
Maintainance 1 5 5 5 g 2 2
Total 49 60 60 45 48 41
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Description of fitting solutions and choice of most suitable option

Among previously described parameters, there ar@eotsignificant factors connected with
selected mechanical couplings.

MCMO02: Twistlock

Twistlock is able to lock all directions through the locking mechanism. The required space for this
type of mechanism is around 200x300x200 mm and it can be fullynaitm. This type of
mechanism is located in horizontal level of the CU. There has to be a counterpart in the TU. It has
a high level of flexibility, because it can be lowerable and foldable. There has to be a power supply
in case of complete automated sdilon.

The standardisation of twistlocks according to ISO standards enables seamless interoperability
between different means of transport and container types. This means that containers, or in this
caseTU can be quickly and efficiently secured to theieas CU vehicles regardless of their origin

or destination, without the need for special adaptations, especially if ISO containers are used.

This process of connection is typically performed manually by an operator by turning the bolt with
a suitable tol device. But there are already fully automated solutions which is suitable for the TU
CU connection. There is also an option of emergency manual decoupling by turning the pin and
pulling it out, so that safety requirements can be fulfilled.

Welding
dimension

Locking . -~ _-Locking pin

areaj.

or

> “Latch R i
Back plate Locking ring retractable non-retractable
Structure of an twist lock Individual parts of an twist lock Retractable and a non-retractable
twist lock

Figure28: Description of the working principle of an automated twistlock mechanigd©ST,
2024)

MCMO03: HooKocking
There is the possibility to lock all directions by this coupling method. The required sEaoceind
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110x100x65 mm for one hook locking. Hooks can be fitted in the floor or on the inside. They can
be designed so that they disappear into the housing of the CU and only move out of their positions
for locking.

This type of connection has a highxilaility, and through the hooks the TU can be pulled into the
correct position. There has to be a standardized solution in order to have a solution applicable to
various types of transport and handling devices. At least with regard to the diameter oaithe b

and the position of the hook. It is possible to consider high degree of automation for this method.
There is low maintenance necessary for this coupling because of its simplicity. It is necessary to
provide a power supply (pneumatic or electric) in @rdo ensure unlocking of this mechanism.

The manual unlocking is possible during the emergency situation.

Figure29: Picture of an example hook locking mechanigk+ G Tectronic GmbH, 2024)

After cmmparison of the Twistlock and Hook mechanism, the twistlocking mechanism was selected
as the most suitable option for this project. Due to generally known and standardized applications
of this connection type, a wide usage and intermodality can be expdoten this solution. Also,

it is possible to easily automate the system and safety measures are high. Since classical twistlocks
are mainly used in railway and ship applications, the suitability for fRxahd ropeways has to

be assessed in the concepéwklopment, but the general principle is expected to be suitable for
every domain.

6.4.3 Comparison of electrical coupling methods

Electrical connectors are vital components in vehicles. The type of connector depends on its
function and the criteria for selé¢ing the type are diverse: resistance to shock loads and vibrations,
safety for technicians or operators handling them, ease of connection and disconnection, size,
weight, power and cost.

The use of electrical power for many functions has led to an astng demand for a variety of
specific higkvoltage connectors. While road vehicles powered by internal combustion engines
(ICE), for example, do not typically carry voltages higher than 12 V DC, electric traction vehicles
operate at between 275 and 800and larger systems, such as railways, carry even higher loads
and there are an increasing number of shielded connectors capable of carrying up to 1,000 V.
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Moreover, in addition to carrying higher voltages and currents, connectors for electric vehicles
must carry highspeed digital and analogue signals in environments with high electromagnetic
interference (EMI). They must also be designed to be safe and prevent arcing and accidental
touching of live contacts, while being easy to use, which may be unifi@bhigh temperatures

and large connections.

In an alelectric architecture, most of the current handled by the connectors goes between the
electric motor, the battery pack, the charging unit and the power electronic converter.

In addition to highvoltage connectors, ancillaries such as higitage connectors for control

units, lowvoltage connectors for sensors and actuators, and terminals for signal transmission
must also be considered, bearing in mind that modern processor systems consume nae po
than their predecessors. This chapter is also linked to chapter 5.3.4 Energy balance, where general
specifications regarding electrical consumers are made. Because of this, the option of wireless
power transfer was not considered (only conductive ewetgansfer), because it was not
suggested by the respective chapter. A wireless charging solution could still be interesting as a
power supply system for the CU, similar to the way trams work without catenary.

Suitable options for the electrical coupling

The analysed electrical coupling mechanisms that are suitable for th€U thterface are
described shortly in the following.

ECMO01 and ECMO02: Automatic Coupler and Digital Automatic Coupler

It includes mechanical, electrical, pneumatic and data auton@@upling, and remote uncoupling

of freight Rolling Stocks. These systems are not considered here because it is part of the
mechanical coupling systems betwe€Wonly and therefore not in scope of this deliverable. In
general, the electrical components these systems could still be from interest, but the options
explained in the following, are more specialised and therefore more sui(@lA€celerate, 2022;
EuroSpec, 2016)

ECMO03: Charging connectors

Charging prts for electric vehicle connectors also need to be considered. There are a number of
standardised classes for male and female plugs, which can be divided according to charging speed,
whether AC or DC charging, and their "Type" (as defind@iN EN IEC 621-26202403) for
conductive charging of electric vehicles).

The Type 1 connector is common on Japanese and American road vehicles, and incorporates five
pins: one to supply main power, one as a neutral or secondary poweropm for ground, a
proximity pin (which acts similarly to a HVIL) and a control pilot pin (which communicates data
between the charging point and the vehicle). A clip for the hitch is also a typical feature.
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German car manufacturers developed the Typso&nector to allow for threeohase AC charging
and, as a result, the standard comes with two additional power terminals instead of one (for a
total of three). Type 2 connectors also typically integrate a ground pin, a neutral pin, a proximity

pin and a catrol pilot pin, for a total of seven. Some examples of charging connectors are shown
in Figure30.

Japon China America Europe
00 (- X:) 00 X
000
°0° °°°°° °0°% 2
Type 1-J1772 GBIT Type 2
00
0@0 oo 000
(%) 000, (o]e)
CHAdeMO GBIT CCS - Type 1 CCS - Type 2

Figure30: Charging connectors exampl¢éBV Expert, 2024)

Vehicles with higher power requirements should be designed with fast charging connectors, which
can be found on motorways or in dedicated parking areas. A car charged at such a point will
typically recover 8€L00% of its full power within an hour.

ECM@: Highvoltage connectors (HVIL connectors)

In general, anything above 60V is considered 'high voltage', so precautions must be taken to make
the electrical contacts 'touch proof' or ‘finger proof'. For this reason, high voltage connectors have
much higker walls around the contact points than low voltage designs to prevent accidental
contact with a live part.

Terminals are typically embedded in insulated sockets to reduce the potential for short circuits
between two or more terminals, with greater cregge (the minimum distance along the surface

of a solid insulating material between two conductive parts) and clearance (the minimum distance
in air between two conductive parts) separating the terminals compared to connectors in other

categories. Environnmgal sealing must also be incorporated to protect against problems such as

moisture or heat builelp.
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Figure31: Highvoltage conneobrs (E-Mobility Engineering, 2024)

High voltage connectors can be divided into classes according to current carrying capacity and wire
size. At the lower end of the scale, where relatively few kilowatts of power are requii@d
example, in an ofoard charging systemthere may be connectors designed for-30 A, with
conductor crosssections down to 3 or 4 mm, possibly with a voltage range up to 600 or 700 VDC.
For something heavier, such as aBC inverter, the current ahcable diameter may need to be
increased. Connectors for such applications typically work with cables up to 6 mm thick and
currents from 32 to 40 A, with voltages from 750 to 850 VDC.

In the case of connectors for electric and hybrid powertrains, vehitay require current ratings

of 200 A. In this case, the cable crsgstion of the connectors is required for the powertrain. In

this case, cable cross sections can vary widely, from 25 to 50 mm (as vehicle manufacturers choose
to replace copper power tdes with thicker aluminium ones to save weight), and DC voltages can

be as high as 850 V or 650 V.

For larger vehicles, connectors must be able to withstand 300 A and integrate cables up to 75 mm
in diameter.

ECMO5: Fastened connectors

Fastened conneots (seeFigue 32) are ideal for applications with low mating cycles and a need
for greater vibration tolerance. Some connector types for highage powertrains have taken the

W3 ONB g Q O 2apples iLby cohsyfurtindaigperbolic socket, which distributes forces such

as friction over far more of the mating pin surface than typical designs. This makes
mating/unmating much easier and improves vibration resistance while also reducing damage from
fretting corrosion.
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Figue 32: Fastened EMobility Engineering, 2024)

ECMO06: Data connectors

These connectors are used to transmit the information streams that electric vehicles need from
safety features such as camerasiaensors around the vehicle, as well as energy monitoring and
analysis systems, thus requiring an increase in the number ofdpgld data connections in
vehicles. To handle all these data protocols, vehicle manufacturers can choose between an
Ethernet onnector or an RF coaxial connector.

On the other hand, if an EV uses sufficiently powerful processors, it may be able to perform
sufficient analysis without needing the level of data provided by coaxial cables, in which case
Ethernet should meet the comttion requirements.

In addition to the increasing use of Ethernet and coaxial connectors, FAKRA (Facharbeitskreis
Automobil) radio frequency connectors remain a popular standard for communications up to 6
GHz. Although they do not cover frequencies op9%t GHz like coaxial RF connectors, FAKRA
connectors are widely used in GPS antennas, engine management systems, navigation systems
and other critical subsystems.

Some examples of data connectors are showhigure33.

Figure33: Data connectorgEMobility Engineering, 2024)
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ECMO7: 7/13 electric pole connectors

The connection between the car and the trailer or caravan is created by putting the plug of the
object you wisho tow in the socket on your car. The two plugs that are most common are-the 7
pin and 13pin plugs. In general, bikeU older trailers, boat trailers or horseboxes are equipped
with a 7pin plug. In more modern models of these tow objects, thepitBplug is more and more
common. A caravan always has a-fi8 plug. In Europe, both-gin (ISO 1185:2003; I1SO
1724:2003)and 13pin (ISO 1144@:2012)are common. The 1Pin version provides more
sewices than the #in, a more positive locking and also better protection against moisture and
contamination. The connectors are designed for 12V systems.

ECMO0S8: Rail Power Connectors

This solution covers power connectors for all critical power apptination rolling stock, for
example used for Traction Motor Systems, Iatehicle Applications, Converters/Electrical box
Outlets, Permanent Magnet Motor Applications, Underframe/Roof Applications, Train Line Power
Applications and Auxiliary Power Supplyltiple possible configurations are possible with just 10
connector variants, allowing flexible design solutions. This system can be used for static and
dynamic applications which creates multiple design possibilities. No further connections are
required wth this solution and only one component per connection is needed, with several poles
(Glenair, 2024)

ECMOQ9: Electric multicoupler

This connection system consists of a fully configurable ralipling plate with various pgs and
connection options. All connectors are mounted on one base plate. All opposite connectors are
mounted on an opposite plate. The system has one active component inside the CU, driven by an
electric actuator, the other component is fixed to the TU.

An example of multicoupler can be seerFigure34.

Figure34: Automatic Multicoupler by Staubl{Staubli International AG, 2024)
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Evaluation of all suitable concepts

Thesame method as in chapter 6.4.2 is followed for the choosing of the most suitable coupling
method. Table44 gives an overview of the presented electrical coupling methods and evaluates
the advantages and disadvantages of eackael criteria.

Table44: Comparison of the different electrical coupling methods

Evaluation criteria Importance [ECMO01: ECMO02: ECMO03: ECMO04: ECMO5: ECMO06: ECMO07: ECMO08: ECMO09:

for ECM Digital /Automatic |Charging High voltage Fastened Data 7/13 electric Rail Power |Electric Multi
Automatic |[Couplers connectors |connectors |connectors |connectors |pole Connectors |Coupler
Coupler (HVIL) iconnectors
(DAC)

Price/ Costs 1 3

Grade of
automation
Complexity of
carrier
Complexity of TU
Standardisation
Safety
Maintainance
Electric
parameters
TOTAL

PN W N

w

As conclusion, with regard to electrical connection systems, it should be noted that there is no
optimal solution to cover all possible connectidhat may arise. In this sense, there are several
systems to consider. On the one hand, HVIL connectors will be the technology to be used for the
most demanding electrical connections, such as the power system. Secondly, since this is a
battery-electric vénicle, the choice of a charging connector is also necessary. Finally, connectors
such as data connectors, or electrical multi couplers will be needed for digital connections, if a
conductive signal transmission is preferred. Other connectors such as @lépnnectors may

also be required for possible couplings betweHdor with additional accessories, such as tows.
For the following concept development, the combination of charging connectors and HVIL
connectors is chosen to provide a high coverage dfliegtions, also according to the energy
balance parameters set in chapter 5.3.4. Both of them also showed the best rating results.

6.4.4 Comparison of communication coupling methods

Several technological solutions can be considered for communication assetiability and
precision during signalling and connection among involved elements. In particular, new standards
and techniques for vehicle to infrastructure (V2I) and vehicle to Everything (V2X) can be taken into
consideration. The IEEE 802.11p has bemelbped for wireless access in vehicular environment,
where short response in highly dynamic contexts is tacked. For determining distance
measurements during dynamic coupling manoeuvres precisely, another key technology to be
explored is Ultrawideband, vinich may also allow supporting location and tracking strategies in
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the context of signalling and coupling methods.

Moreover, there are near fieldased identification systems that could complement the
communication signalling when elements are close tovjge additional information during
coupling. In this sense, the solution can be composed of a combination of heterogeneous
technologies instead of a single interface, in order to provide robust communication along with
additional coupling information.

As highlighted before, some of them can be a complement of others, suchcase of location
and identification strategies during signalling. short description of the most representative
technologies is presented as follows.

SCMO03: Wireless Commugaition

A Wireless access for vehicular environment with IEEE 802.11p is suitable for highly dynamic
vehicle to everything environments, without the need of specific infrastructure, and with self
configurable devices. It is based on the Physical and Mygtslaf the IEEE 802.11a adapted to
vehicular communications, including enhanced capabilities for reliable authentication and
connections in dynamic and timely critical contef{ SEE SA, 2024)

SCMO04: Distance measuring apdsitioning

Ultrawideband for precise distance measurement in signalling and coupling, could provide
benefits in exchanging additional data associated to coupling distance during communication, by
using very precise ranging technology. It is based otBEE& 802.15.4z which defines secured and
enhanced physical and MAC layers for UWadeband wireless communicatigiEEE SA, 2024)

SCMO06: Next generation signalling

Sidelink for direct devicto-device and V2X signallj, over 5G and beyond (5G Sidelink), is based
on 5G technology to establish direct communication but without cellular infrastructure. This
approach provides high versatility, flexibility for dynamic communications with a robust and
secure device to devicgata exchange. It allows different spectrum configurations, from license
to non-license bands, bringing adaptability to a high range of devices. This will ultimately provide
benefits in terms of interoperability and scalabil{fpualcomm Technologies, Inc., 2024)

SCMO08: Next generation positioning

System positioning and location for coupling manoeuvres based on 5G NR and GNSS, can expand
the capabilities of the communication signalling system by providing precise loadtiang
coupling, as additional information to enhance the connection, communication and coupling in
Pods4Rails, particularly for autonomous satinaged elementgDecarli, Guerra, Giovannetti,

Guidi, & Masini, 2024)
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Evaluation of all suitable concepts
A summary of the evaluation criteria and results for the most representative

signalling/communication coupling technologies ass&# are shown iTable45. The whole
evaluation table ishown in appendix Table A3.

Table45: Summary of the signalling/communication coupling evaluation

Evaluation criteria Importance SCM03: SCMO04: SCMO05: SCMO06: SCMO08:

for SCM Wireless Distance Near Next generation |Next generation
Communication |measuring and identification signalling positioning

positioning

Price/ Costs 1 4 4 5 3 3

Grade cni 5 4 3 5 5

automation

Complexity of

carriepr ' 2 3 4 3 3 3

Complexity of TU 2 3 4 3 3 3

Standardisation 3 5 5 5 5 5

Safety 2 4 5 3 5 4

Maintainance 3 5 5 3 4 4

Communication 3 4 3 3 4 4

parameters

Total 74 73 62 74 72

It can be seen that the next generation signalling based on 5G Sidelink and the Wireless
Communication based on IEEE 8011p aigdithe best results as candidates for communications,
and indeed they are the main solutions for the V2X future realization, although they can be
combined with positioning and distance measuring systems. The former one has the advantage of
high testing ad practical evaluations, so it can be a strong candidate for real implementation in
the near future. For the Pods4Rail concept, a wireless signal transfer is followed according to the
evaluation results without conductive connector technologies.

Figure35 shows as an example how these technologies can allow creating synergies to exploit
their benefits in V2X and smart mobility contexts.

Pods4Rail i GA 101121853 93| 167



=

=urope's ~all

I
Wide range of devices

Smartphones,
wearables, XR, cars,
robots, sensors, loT, etc.

A w' Il

Diverse services

Data offload, peer discovery,
public safety, automotive, etc.

Multiple communication modes
Broadcast, multicast, unicast messaging

Wi

All spectrum

Sub-7 GHz, mmWave,
licensed, unlicensed,
shared, etc.

i b @5

Broad deployments
Public network, private networks,

mesh, ad-hoc, etc.

Bods

4 RAIL

Figure35: Features of 5G Sidelink technolo§g@ualcomm Technologies, Inc., 2024)

6.4.5 Comparison of coupling methods for media

The comparison of possible coupling methods for media such as water or gas followed the same

process as the previous selection of coupling methods. It proved expettiegniplement the

interface via a safety valve (s&@able46 and Figure36). In addition to the low space requirement
and the associated high flexibility, this offers thevadtage of high standardization and low
maintenance, among other things due to the fact that no energy supply is required. The
comparison can be found in detail in Appendix Table A4.

Table46: Evaluation of the three possible coupty methods for media

Evaluation criteria
for COM

Importance

COMO1:

quick coupler DIN
3852

Multi-line compact |Safety valve

Price/ Costs

Grade of
automation

Complexity of
carrier

Complexity of TU

Standardisation

Safety

Maintainance

RINW NN

Total

COMO3:
Multi Coupler by
Staubli
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Figure36: Safety valvgParker Hannifin Europe Sarl, 2024)

Based on the definedCand the framework conditions defined in the previous WPs, an exchange
of liquid (e.g. wate fuel, oil, etc.) or gaseous media (compressed air, hydrogen, etc.) between TU
and CU is not expedient. While freight containers either have no need or function autonomously
(e.g. refrigerated containers), an exchange would be conceivabl@@owith the purpose of
transporting passengers. Due to the requirement that the TU should also be operational outside
of a CU, a complete decoupling of the media makes sense. This means that essential functions
such as the functionality of the doors (e.g. using cagsped air or electric motors), cooling circuits

or, in the case of wet rooms, the fresh water supply and waste water collection must be provided
by the TU. Even if the latter would make sense for space reasons, there are disadvantages with
regard to the oerall concept if it ifhannellednto a central storage tank of the CU via a coupling.
The CU would have to be reserved regularly for filling cycles and long pipework may be required.
A selfsufficient sanitary unit is therefore also preferable.

It can ke seen that the transfer of media such as gas, water or oils in a system analysed in Pods4Rail
is not expedient and thel'U should function independently of the CU with regard to these
couplings. But should it be useful in future projects or extensionsduige an interface between

CU and TU for the exchange of media, then the abueationed solution of the safety valve is

the best solution.

6.4.6 Description of chosen coupling mechanisms for Pods4Rail

This chapter includes the description of the coupling nagidms between TU and CU that were
chosen in the previous chapte6s4.2to 6.4.5 Based on the chosen technology specifications a
concept is being developed, that shows the position and rough ggckibeach component as well

as its working principle in a simplified 3D model. This deliverable is only providing a general proof
of suitability, but it cannot provide a detailed technical concept of each technology. Therefore, the
results of this deliveable are handed over to following WPs. As defined in chaftérs no
coupling of media is provided and therefore not part of this chapter.

Mechanical coupling and locking of the TU on the CU
The TU configuration on the Gbllows a specific pattern, that follows the measurements and
positioning of the Twistlock mechanism according to the ISO668 standard (as defined in chapter

5.2 and 6.3.2). The actual and final locking allocation depends on the final TU sizes (defifed in W
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8 and WP 9) as well as the needed distance between each TU on the CU, so changes might still
appear in future works. Another uncertainty is the actual dimension of the automated locking
mechanisms, which will be finally developed in WP 12 together Wwighintegration in the CU in

WP 14. Nevertheless, an estimate of the distances betwee th@as made in Chaptdd.5.2

All mounting points have slotted holes so that they can be moved within a small randeayibta
movements along the-axis of the vehicle. By the use of movable connectors along-thesxof

the CU it can be guaranteed, that every TU can use the same connectors in the CU. This kind of
scalability allows every combination of TU (5 ft, 10rf20 ft) on the CU and also adapting on the
move, if different types of Ushall be loadedrigure37 shows the interface pattern, if only 5TiJ

are placed on the CU with a total capacity of 25 ft (as suggestelapter 5.2). For this kind of
configuration all interfaces are active because every single TU has to be locked and electrically

connected.
TU 5 . < TU 5 R TU S TU 5 TU 5
] L]
TUS TUS TU 5 TU5S TUS
1 0d O d O ]

Mechanical coupling (active)
Mechanical coupling (inactive)

Electrical coupling (active)

Electrical coupling (inactive)

Carrier surface

Direction of travel

Figure37: Qualitative mounting points configuration on the CU based on 5 &

Figure38 shows the configuration if 10 ft units are loaded on the CU. In this case, the 10 ft units
can use the same corner fittings like the 5 ft units, but only half of them are needed. The others
can be deactivatedA 5 ft unit (e.g. a Entrance/Exit Unit) is located between the 10 ft unit.

TU 10° TU & TU 10°

« D e >
TU 10 TUS TU 10

0O o, O oo« O

O

Mechanical coupling (active)
Mechanical coupling (inactive)

Electrical coupling (active)

i i Electrical coupling (inactive)

Carrier surface

Direction of travel

Figure38: Qualitative mounting points configuration when 10 fiUare used
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Figure39 shows the configuration if a 20 ft urg loaded on the CU. It follows the same pattern
and, in this case, one more 5 ft unit can be located next to the 20 ft unit.

TU 5 TU 20°

|:| Mechanical coupling (active)

™ Mechanical coupling (inactive)

. . . Electrical coupling (acive)

"""""""""""" i..i Electrical coupling (inactive)

TU®% TU 20’ Carrier surface

D Direction of travel

O

Figure39: Qualitative mounting points configuration when 20 ftiUare used

Figure40 shows the mechanical and electrical couplings in an active state (above) and in an
inactive state (below) by pushing them up or down. All inactive connectors and couplings can be
hidden inside the CU. This kind of mechanism Ig naeded, if the couplings should be protected
against weather or damage while they are not being used. It is not compulsory to use this
mechanism, if the TU bottom geometry is designed in a way, that only the necessary couplings are
being connected.

Z
TU
Coupling status: IT! !Tl Y
Active m EIV
Carrier D Mechanical coupling (active)
Mechanical coupling (inactive)
TU . Electrical coupling (active)
Coupling status: 4 4 ! Electrical coupling (inactive)
Inactive
= Scalability /
Carrier Moving freedom

Figure40: Mounting points and electrical couplings can be activated and deactivated

While the positioning of the corner castings for the 10 ft and 20 ft containers is standardised. The
corner castings of the 10 ft and 20 ft comtars must be placed on the very outside in accordance
with the specifications of ISO 668. But the position of the corner castings for the newly introduced
5 ft TU must be a little bit indented. This is essential, as this is the only way to create a péttern
twistlocks in the CU that allows all loading configurations without the need for additional or
movable twistlocks. The requirement for a loading area that can transport fiv& Brigsults in a

total of 10 different configurations, as shownkigure41.
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Figure4l: Possible loading configuration for a 25 ft loading area on a il

These configurations and the boundary condition that the corner castings of the 10 ft and@Q0 ft
must be positioned on the very outside result in the distances betwee thehown inFigure42

and the distance between the corner casting and the outer skin of the 5 FifjuUre42 shows the

in Figure41 mentioned Details. Under the given boundary conditions the distance between a 5 ft
and 10 ft respectively 5 ft and 20 ft should be 32.5 niig(re42, Detail A and Detail B), the
distance between two 10 ffUshould be 40 mm (Detail C) and the distance between twol®Jft

is 25 mm (Detail D). These distances ensure a standardised hole pattern on a 25 ft CU so that as
few twistlocks as podsle need to be installed and they do not need to be moved. In order to
standardise the hole pattern in this way, the corner castings of the 5 ft TU (1500 mm length) must
be indented by 7.5 mm. It should be noted that a 5 ft TU placed on the outside extbed
required loading area by 7.5 mm compared to the 10 ft or 20 ft TU. so the maximum loading length
of a 25 ft CU is assumed to be 7600 mm. However, the exact pattern and positioning must then be
worked out in more detail in WP 13 and WP 14.

20' 5' 5' 10' 10' 10' 5' 5'
Corner Corner Corner Corner Corner Corner Corner Corner
Casting Casting Casting Casting Casting Casting Casting Casting

32.5 - 32.5 40 2. 5 7.5
7.5 : 25
Detail A Detail B Detail C Detail D

Figure42: Detail view of the different distances between theU

If a twistlock is required, it is extended and is in the "unlocked" staigufe43: fully automatic
twistlock, a) unlocked and b) locked stat®). When the TU is placed, a sensor, for example
triggered by a mechanical pin,aegnises that the TU is on the CU. The teeth of the twistlock are
then folded out in an orthogonal direction and the TU is lockadure43, b)). Tk twistlock is now

in the "locked" state. The dimensions of the fully automatic twistlock are shown in the illustration
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below. The twistlock consists of two parts. The lower unit contains all the mechanics and electrics
for controlling the twistlock mechasm. This is also where the screw connections or weld seams
to the rest of the structure are to be attached. The upper part contains the actual locking
mechanism of the twistlock. This means that the TU or the container sits on the plateau of the
lower box It should be noted that if the locking mechanism is retracted by 100 mm, the box must
be larger so that there is space for the upper part in the lower box.

a) b)

Twistlock

wuw 00t

Mechanics /
Electrics

ww oLt

160 mm

Figure43: fully automatic twistlock, a) unlocked and b) locked state

1500 3010

HD— - | N

2799
1460

2120

(o (0] ol
920
| 920 14492
- 1207 2787

Figure44: Dimensions of main TU parameters and interfaces
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Figure45: Threedimensional view of interfaces inside the TU

Electrical connection between TU and CU

According to chapte6.4.3 the electrical coupling shall be a combination of Type2 charging
connectors and High Voltage connectors. The position of the electrical coupling always has to be
in the middle of a 5 ft unit (as shown kigure37), so that every TU can be placed in both driving
directions. The connector pins and socket have to be symmetrical to its centre to achieve the
required symmetry. The connectors shown in chapter 6.4.3 have to be adaptadsfonmetrical
layout. Also, a manual coupling will not be necessary anymore due to its automation. For bigger
TUsuch as 10 ft and 20 ft, the TU can use either more than 1 of the available connectors or choose
between one of them. Unused connectors candeactivated.
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Figure46: Electrical connector (left) and positioning in the Tdttom (right)

Communication and signalling between the TU and the CU

As defined in chapte6.4.4 the signal and communication coupling will be done wireless and
therefore no physical coupling is provided in the TU model. It is assumed, that only relatively small
components are being used and their position is also flexible. These components include for
example WIFI routers (sdggure47), antennas, processors and cables. These components don’t
need a lot of space and can be arranged at any position inside the TU. Only some limitations
appear: e.g. for the bedignal transmission it must be ensured, that the components are not
covered or surrounded by steel structures from the TU body. If these components are placed
somewhere below the exterior panels at the TU roof or sides, good transmitting results can be
expected.

190 mm

170 mm

50 mm

Figure47: Exemplary model of a WIFI router for wireless communication of the TU (actual
components can vary)
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6.5 Concept for interfaces between two Transport Units

This chapter discusses the concept for the interfaces betwvo TU The focus here is on the
interface that is needed when at least one TU is involved, that provides the transport of
passengers. An interface is not necessaryTidwith the purpose of transporting freight or an
interface between two conventiond50 containers. With regard to the reduction of noise and
aerodynamic resistance due to a possible gap between two CHtha cover would be possible if

the gap is too large. However, this cover must be an additional component or part of the CU, as
exising ISO containers do not provide these cover parts, which is why it is not discussed further in
WP 7 which focusses on the TU development.

In the following, the requirements from the previous WPs relating to the interfac& U'ldre first
summarised andxpanded and then further specified for actual use.

6.5.1 Requirements regarding the connections between different
Transport Units

In the Pods4Rail work to date, the main focus has been on the requirements f@Uhbae CU
TU interface, the TS interface ashthe TU itself. The requirements for the-TU interface were
not explicitly elaborated in the previous WPs. The following therefore lists the safety aspects
relating to the interface TIJU from WP 3 and the functional requirements from D4.4. In addition,
based on expert knowledge (EK) within WP 7, the other requirements to be considered that have
not yet been explicitly listed are discussed. The respective output for the TU design is derived at
the same time. A distinction must be made between two caseélseinterface, as these have both
different requirements and the resulting different specifications.

A Case 1: The interface is between tWd, each with a UC that provides passenger transport.

A Case 2: The interface is between a TU with a UC that propadsenger transport and
O a TU that does not provide for the transport of passengers
the CU
neither CU nor TU, e.g. is travelling in a group where a neighbouring TU has been
unloaded, or is currently in the transshipment process

O« O« O

For both cases, the condins for the requirements are defined separately in the followliadple
47if necessary. Each requirement set is being described with the following details:
A Requirement: Short name of the requirement
A Requirement description: Contenf each requirement, depending on Case 1 and 2
A Output for TU design: Specific influence or design suggestion for the TU, summarised for both
cases, as the TU remains the same
A Source: Source of the data, new defined requirements, based on the expertddgayEK) in
this task are marked with NeaEK
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Requirement | Requirement description Output for TU design Source
TT1: Case 1Escape route must still be available, c{ Lateral exit from the TU must be | D3.2
Emergency also go through otheTU, but must then be guaranteed in an emergency.
exit marked accordingly In case of use for lateral exit, the
Case 2A safe escape route must still be door may allow identifying
available despite any locked doors. This also| whether the exit goes to outside o
applies if doors cannot be used due to in another TU
neighbouringTU(e.g. Cargo TU)
TT2: Fire Case 1 and:ZRoomsealing effect and thermal| Interface must have a room D3.2
protection insulation. enclosing effect, doors must be fir
closures Fire resistance duraih 15 or 30 minutes. doors
TT3: Partition | Case 1 and:ZPartition walls that can withstand Covered by TT2 D3.2
walls a fire for at least 15 minutes are required
between the potential source of fire and the
cargo being transported.
TT4: Exterior | Case 1lLighting shall comply with rail/road and Necessary lights of the TU must bl D4.4
Lighting must be visible if necessary. Neighbouring TY visible independently of the TU K1
can take over the task. neighbouring TU. Either through |/
Case 2Lighting shall comply with rail/road anq the neighbouring TU or by TU_K2
must be visible ihecessary. Even when the overhanging the adjacent cargo
other TU (e.g. CargdU) does not provide light] container, for example.
TT5: PRM Case 1The transition must be designed to be| Provide or at least enable barrier | D4.4
Accessibility | barrier-free as soon as a TU is connected to | free transition TU_N5
PRM /
Case 2No further requirements TU_N6
TT6: Door Case 1Users shall be able to: open doors froff Provide manual opening, but must D4.4
opening outside and inside (normally + manual fallbac| be designed in such a way that TU_N7
Case 2Doors must be securely locked. unintentional opening during the |/
Emergency opening still possible, but a safe | journey/transshipment process is | TU_N8
condition of the TU must be achieved not possible. TU must achieve a
(especially during air transport) safe state for (manual) emergency
opening
TT7: Tightnesy Case 1Tightnesgdust, rain, ...) betweeffU Seal must be considered in the New-
and the TU itself must be guaranteed. Ideally| external dimensions of the TU, EK
also aerodynamic sealing. mountings for locking mechmsm
Case 2Tightness (dust, rain, ...) of the TU mu| must continue to be identical to
be guaranteed. ISO containers, which do not
provide space for e.g. sealing lips
TT8: Case 1Transition must be safely guaranteed | Gap must be (mechanically) New-
Transition Case 2No further requirements covered (sedhg lips are sufficient | EK
platform to a certain extent), slip resistancq
and fire protection are basic
requirements
TT9: Width of | Case 1If TU varies in width, it requires a Standardised position of the TU | New-
the TU connection unit transition with passenger transpor] EK
Case 2Independent unit, no further
requirements for TUIU interface
TT10: Case 1Transition must also be guaranteed fo| Centre aisle required, or TU may | New-
Symmetry asymmetrical TU. only haveone loading direction EK
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Case 2No requirements for T{U interface and cannot be loaded in any
direction

TT11: Outer | Case 1 and:ZThere must be a clear outer edg| TUTU interice must take outside | New-
edges beyond which nothing protrudes (e.g. lights) | lines into account, this also applie] EK

otherwise it may not be possible to dock the T to necessary visible markings and

to the other TU attachments
TT12: Case 1Precise positioning necessary to ensu| Guidance between the individual | New-
Positioning safe transition between TU and TU. TUnecessary, mechanically or EK

Case 2No positioning requirements o8 than | optically possible

that the coupling devices must be in line with

the CU.
TT13: Case 1An electrical interface between TU ang An electrical interface between TY New-
Electrical / TU should be mvided to exchange important | and TU should be provided EK
Signalling information (e.g. door malfunction, toilet
Couplings occupancy, destination of the other TU, etc.).

Case 2Not necessary, happens via the

connection to the CU
TT14: Case 1The transition between th&Ushould Check to what extentUcan move | New-
Mechanical be possible without danger, if necessary (with against each other; a mechanical | EK
Couplings large bridging or large tilting moments) a mechanism is required for large

mechanical interlock should be provided displacements

Case 2Not necessary, happens via the

connection to the CU
TT15: Case 1 and ZShocks or vibrations should not | TUTU interface must provide New-
Vibration / be transmitted between thaU damping elements / protection EK
Shocks against impacts

6.5.2 Specification of the interfaces between different Transport
Units

No physical connections between Transport Units are necessary

In Pods4Raill, it was determined under the given conditions that thénaracal interlocking to the

CU is sufficient and that an additional mechanical interlocking betweer this not necessary

and does not provide any added vallegarding electrical connections the situation is the same:
since bothTUwill be located on £U and being powered by the CU in such a connection, it is not
necessary to transmit power through additional connectoktso, within chaptei6.4.4 it was
decided to use a wireless communication standard between all elenwdritse Pod system (CU

and TU and also as communication with the operation system (see chapter 7). This enables a
simpler and more maintenaneigiendly architecture with less susceptibility to faults. This means
that neither a mechanical nor a physica@tical coupling is required for the T interface; the
already installed wireless interface is sufficient.

Evaluation of interfaces for special purposes
For some specific purposes a physical coupling betwéémay still be needed, e.g. for dedicated
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power supply units or specific service units. For the evaluation of these mechanical, electrical or
signalling couplings, the same procedure was followed as in chapter 6.4. The outcome is, that a
so-called tension locking mechanism is recommended for meghanical connection. Tension
lockings are suitable for really quick and easy assembly and disassembly. They are often used in
the transport and logistics industry to secure loads on lorries, trailers or other means of transport.
They offer a quick and sare/firm fastening solution for various types of cargo. They offer great
potential despite their simple design, especially when manual adjustment is relevant. By
positioning hooks or similar devices, they accommodate the TU with a relatively large taeran
compensation. This mechanism is dedicated to be manually, an additional automated version is
still possible by adding electric actuators. A tension locking is required on each side for securing.
The complexity and maintenance are relatively simple awlires little effort. The size of the
device can vary, but they are usually relatively small and have an average size of (I x w x h) 24 x 13
X 65 mm.

Regarding electrical connections, no specific solution is given at this point, due to the individual
demands of theUC This means, that the electrical connection should be implemented according

to the specific TU technology. For example, if a power supply system is used, the energy transfer
must follow the available connectors at the power unit. Accordimghapter6.5.1, only the
transport of relevant data and information is of essential importance in any purpose (TTd3l&n

47). For situations, where the installegireless communication is not sufficient enough, data
connectors are used (according to ECMO06), which were also evaluated as very good and suitable
for this field of application. In contrast to the best evaluated variant in ch&pdeg charging
connectors are not used, because they don’t enable transfer via Ethernet or RF coaxial connectors
and are therefore not suitable for signalling coupling.

33.32 o 34.9
T = " T
©| < ijig“
< | o ~ -
g ° g % _R1 f.:__f'_-’__S
Left view Rear view

Figure48: Sketch of data connectaiTE Connectivity, 2024)
Rubber lips for isolation in every passenger use case

The transition between th& Umust be both safe and tight in accordance with TT7 and TT8. For
this purpose, it is advisable to fit a rubber lip on baides of the TU as an isolating material
between differentTU This rubber lip must either be retracted to position th6and be able to

be extended after positioning or be so durable that it allows positioning even when extended but
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also guarantees tlgness at the same time. A rough estimate of the distances betweeiltiveas
made, but according to Chaptér4.6this must be analysed in more detail in the development
phase of the following WPs. In summargan be seen that the range of distance between b

is just within 25 mm (between two 5 1tU) and 40 mm (between two 10 TU).

6.6 Concept for interfaces of the Transport Unit to the storage
system

When a TU is currently not needed or when it hasdd@a service, it can be parked in a storage
system. Within chapte6.2 several options were described how the TU can be stored. Following
situations have to be considered:

1. Handling of the TU in an (autonomgusorage system

2. Parking the TU inside the storage system

3. Stacking of severdlUinside or outside the storage system

4. Standing or parking the TU on the ground

For the first and second scenario, the TU might be moved inside the storage system with a specifi
intra-logistics devicesimilar to a highbay warehouseAs defined in the previous chapters, the
same interfaces will be used for this, because the transshipment device is expected to be the same
for the storage system. More specifically, the forkliftggets as well as the twistlocks (or corner
castings) shall be used for the storage system handling. As shéuguire49, the TU can be placed

on a storage rack, why it makes sense to use the corner castingst@stcpoints when the TU is

being parked inside. In this way it can be assured that a safe stand is achieved, additionally the TU
could also be locked in its parked position by locking the corner castings (this is optional and would
increase the storageystem complexity).

Figure49: Example of automated higihay warehouse storage systefPressebox, 2024)

Pods4Rail i GA 101121853 106|167



FA7

(=

=urope's

Another way of storing th&Uare by stacking one TU on top of another TU. For this scemaso,
recommended to use the corner castings and twistlock mechanisms according to the ISO 668
standard similar to ISQontainer handling. In that way a secure and stable connection can be
created for severaTub C2 NJ a i Y RI NRA & SR mudit boul®ippartastgcE il = G
AAE TFdzZ té f2IRSR nanfd O2ylGlAYySNAE | yMc@BahIKG 7T
RentCorp, 2024based on usual load conditions in freight sector. Since stability and lightweight
limitations appear and also the space of considered storage system is expected to be limited, it is
suggested to limit the maximum allowed numberTafto 3-5 units. A specific requirement for this

case was not given in this WP, therefore it has to be catiedlagain in the end of the project,

when the detailed TU concept is completed and the weight balance gets clearer (e.g. after WP 9).

In general, it is suggested to store th&/without stacking because of higher safety and flexibility

of the overall sysgm. The stacking of moréUis also possible but geometry of HVAC unit and
corner castings has to be adapted for this option. This task will be solved within following WPs.

The last scenario is parking or placing the TU on the ground by taking it oftJth&l€d, in this
scenario, the corner fittings of each capsule can be used as the stands and contact points towards
the ground. In this way, every TU can stand on four points to ensure equal load distribution and
the rest of the bottom structure is being@tected.
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7 Concept proposal for the operation system

The following concept proposal, as already described in the project proposal and in the existing
deliverables, is intended to provide a concept of a fully automated supermodal mobility system
for pasengers and goods which is sustainable, collaborative, interconnected, digiddnaeand,
standardized, scalable and suitable for several transport modes with focus on rail. Such systems
allow higher flexibility through supermodality, building on the ogpicof considering mobility as

a service (MaaS) and utilising the existing infrastructure. Hence, it becomes imperative to consider
various aspects of necessary modifications. Such aspects are crucial for ensuring full deployment
of the system.

To embed lhe resulting concept in the research and development landscape, a closer look at the
operational processes was taken that are influenced by such a Pod solution and derive
recommendations for action, specify the operational processes in more detail amedb& new
subcomponents required for this and those to be modified. The first relevant step is to focus on
the reference architectures that are already implemented in the System Pillar. To this end, an
overview ofReference Control Command and Signalkughitecture (RCA) and Open Control
Command and Signalling Onboard Reference Architecture (OGOBAYyide, and the processes
already defined here and explain how these relate to the Pod concept. As already described in
D4.4 (cf. Figure 31), the railwayrastructure will not be examined in more detail in the context

of the project, but the focus will be on the onboard system, so it is focused on OCORA in the more
detailed analysis and not take a closer look at RCA in this context. As -d@nuais appoach is
pursued, at least | a look outside the box for the system specification was taken and the
automotive area and the systemelevant Stateof-the-Art (SotA) was examined. An important
point to mention here is the Software Defined Vehicle (SDV) t&athre in the automotive
domain. Finally, the aspect of automation and high automation by considering the findings of
existing work and also the ongoing research work from the EURail context (especially R2DATO)
and the publications of EULYNX in order tovide requirements for the innovative concept will

be addressed.

7.1 Architectural considerations
7.1.1 Railway architectureRCA and OCORA

As in all other transport/mobility domains, the rail industry is currently discussing various levels of
automation to impove efficiency and safety. An important step here is the harmonisation of
processes and interfaces, as well as agreement on open architectures. To this end, the European
railways have already launched initiatives such as Reference Control Command arnith&igna
Architecture (RCA) and Open Control Command and Signalling Onboard Reference Architecture
(OCORA). While the RCA Iinitiative focuses primarily on the infrastructure side (explicitly CCS),
OCORA concentrates on the architecture of a future onboardesysBoth initiatives focus
primarily on defining interfaces and agreeing on relevant system components that are required
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for automation and safe operation in the railway sector. The result should be a modular, functional
architecture that alsoconsiderscurrent research topics such as cloud technologies or -high
performance computing (HPC) to promote innovation. Security issues that need to be clarified at
the architectural level also play a decisive role here. As there are naturally also overlaps in the
interaction and communication between train and infrastructure, both initiatives are working
jointly towards a generic safe computing platform approach for onboard and trackside CCS
applications (and possibly other railway applications), in particular aitaidgcouple applications

from the underlying computing platform, considering their very distinct life cycles, and to achieve
platform independence.

Due to the heterogeneity of European railways, the challenge also lies in formulating the current
status aml communicating necessary changes to the TSI. The two initiatives RCA and OCORA have
agreed on a general terminology for this, which can be seé&gare50.

Functional Application (Business Logic)
[ ]

|
—uses

Platform Independent API

! implements

System Services

Runtime Safety Services
environment Operating System (if needed)
Virtualisation (if needed) - Co mputing

Platform

IT Security

Hardware Independence *

* Itis to be discussed to which
Hardware - extent hardware independence

can or should be enforced
Computing Node(s)

Figure50: General computing platform priciple and terminology(Marsch, et al., 2024)

7.1.2 Safety aspects

To address safety aspects in the structure of the operation system modules description, it is
advisable to follow general rules when implementing saf@itical sytems. Processes to be
executed should be clearly separated, preferably already at hardware level, to ensure that the
state of one process is not unintentionally changed by another process. If this is not possible, the
use of safe methods for memory allogat and deallocation on the same hardware must be
consideredn order to avoid memory leaks and fragmentation.

In addition, aspects of error monitoring and sk#aling play a decisive role in fadfety. To this
end, approaches such as contrdigtsed dsign can be considered as early as the design phase and
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monitors can be developed or derived from this in order to monitor the sadetycal and relevant
properties during the operating time. The monitoring should thus provide the opportunity to
initiate the elimination of error states without human intervention whenever possible or, in the
worst case, to lead to a safe system state. In particular, the issue of ensurisigneglroperties,

i.e. the fact that timecritical operations are executed withgpecified time limits, in order to
guarantee the stability of timelependent applications. General resource monitoring must also be
mentioned andconsideredat this point. In general, a modular structure of the system solution is
recommended in order to beable to realise the abowvementioned criteria. However, this
characteristic of the modularity of a complex system also results in strict control and
standardisation of the interfaces between the units in order to avoid unexpected interactions.
Another advatage of modular design is the fact that units can be easily updated or replaced
without affecting the overall operation. This also plays a decisive role in terms of sustainability, as
the system can be used for longer and new system updates can be i@egnto operations more
quickly and easily.

7.1.3 Automotive architectures

SoftwareDefined Vehicles (SDVs) represent a transformative approach in the automotive
industry, where the functionality and capabilities of a vehicle are predominantly driven by
software rather than hardware.

Traditional vehicles use numerous Electronic Control Uni@&)(Elistributed throughout the
vehicle, each responsible for specific functions like engine control, braking, or infotainment. SDVs
consolidate many of these functionstd a few highperformance centralized computing units.
These central units leverage powerful processors and advanced computing architectures to
manage complex tasks and coordinate vehicle operations. SDVs employ a modular software
architecture that separgs the vehicle's functions into distinct layers. This separation typically
includes a base layer for basic vehicle controls, a middleware layer for communication and data
management, and an application layer for u$acing features. This modularity allevior easier
updates, upgrades, and customization of vehicle functionalities Fgpae51).

nr0 DR

Central Gateway Backbone Zone /O Zone /O

[ [ ] l Controller Controller
DC DC DC DC Central
Compute
Zonel/O Mesh Network | Zonel/O
Controller Controller
Powertrain Safety Comfort [:Hljlj %D

Topology with central gateway Domain model Zone model

Figure51: Topology models for E/E architecturéslaeberle, et al., 2020)
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Ore of the significant advantages of SDV is the ability to receive-tBgekir (OTA) updates. This
capability enables manufacturers to deploy new features, security patches, and performance
improvements without requiring physical access to the vehicle. @pbates ensure that vehicles
remain upto-date with the latest technologies and safety standards, providing a continually
improving user experience. SDV are designed with robust connectivity options, including cellular,
Wi-Fi, and V2X (vehicte-everything) communication. This connectivity is essential for-teaé

data exchange, remote diagnostics, and claded services. Cloud integration allows for
extensive data analytics, Altiven insights, and the potential for autonomous driving capabilities.

With the increasing reliance on software, ensuring robust cybersecurity measures is paramount.
SDVs incorporate advanced encryption, authentication, and anomaly detection systems to protect
against cyber threats. Safetyitical functions are designed withedundancy and fasafe
mechanisms to ensure reliability and resilience.

The benefits of Softwar®efined Vehicles include improved vehicle lifecycle management, as
SDVs can be continuously improved and personalized over their lifespan, adapting to new
regulations, customer preferences, and technological advancements without needing hardware
changes. The ability to add new features and improve existing ones through software updates
ensures that customers have access to the latest innovations and a mgagieg driving
experience. The decoupling of hardware and software development allows for faster innovation
and deployment of new technologies. Manufacturers can experiment with and implement new
ideas more quickly than with traditional vehicle architeesur While the initial development of
SDVs might be costtensive, the longerm benefits include reduced maintenance costs, fewer
recalls, and the potential for new revenue streams through software and services.

However, there are challenges and consatems to address. Integrating software components
from various suppliers and ensuring compatibility and reliability can be challenging.
Standardization and robust testing protocols are essential. With increased connectivity and
reliance on software, SD\&se more susceptible to cyberattacks. Ensuring robust cybersecurity
frameworks is crucial to protect both vehicle integrity and user data. Navigating the regulatory
landscape for software updates and data privacy can be complex. Manufacturers must ensure
compliance with varying international standards and regulations. Educating consumers about the
benefits and functionalities of SDVs is necessary for widespread adoption. Ensurifigemsty
interfaces and reliable performance is key to gaining trust.

The European SoftwarBefined Vehicle of the Future (SDVoF) initiative recently published a vision
and roadmap paper outlining the interplay between-board and offboard/cloud services (see
Figure52). To this end, it is cruciab tconsider the architecture on the three levels of hardware,
middleware (API framework) and software. It is also necessary to offer a software development
kit (SDK) to support DevOps to enable a continuous development and deployment of the software
(Cl/CDpipeline).
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Figure52: Basic structure of SDVoF HW/SW stdEEDERATE Consortium, 2024)

On the infrastructure site the current state of the art in the automotive domain is V2X, or \fehicle
to-Everything. It is a communication technology that enables vehicles to communicate with each
other (V2V), with infrastructure (V2I), with pedestrians (V2P), and with networks (V2N). This
interconnected system aims to improve road safety, reduce traffic congestiwhenhance the
overall driving experience by allowing vehicles to share information about their speed, position,
and the surrounding environment. V2X leverages various communication protocols, including
Dedicated ShorRange Communications (DSRC) andileelhetworks (6/2X), to facilitate real

time data exchange.

7.2 ldentification of operational processes

In the following subsections, the operational processes to be supported by the Pods operations
system and its architecture outlined in the previous s&ttare specified in more detail. Since we
expect the backbone of future Pods networks to be based on existing rail infrastructure in Europe,
we decided to build on top of statef-the-art with respect to existing EU standards and
harmonization in the areaf operational planning and effective live operations.
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7.2.1 Planning of operations on th®ods network

Advanced Planning Capacity Requests and allocation Attached
X-60 -> X-11 X-11 => X+12
X-n: n months before start of new annual TT Processes
Operations

(informal)

|
I
TS0 Planning of Stock, Personnel, Traffic/Services I
I
Production |
T T Lo J Lo T Lam T Lo TTowwm]
]

> > Capacity Planning i ? Topter >
U |
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Planning of maintenance & renewal, TCR'’s :
RIM (Construction & Maintenance) & Contractors :
T

Figure53: Process of the Pods network capacity planning proc@sgRail System Pillar Task
3, 24)

Being one of the most important resources used for operating the Pods, the rail network capacity
and its foreseen operational use needs to be planned and managed to ensure a maximum of traffic
efficiency on the track sections of the network. Whenitgka closer look on the Pods set up, it is
obvious that the Pods Carrier Unit (CU) is the element consuming the network capacity in disregard
of the TUloaded upon them. Since the network capacity is limited, the allocation of the capacity
required for tre Pod trips is made available by Rail Infrastructure Managers (RIM) for a competing
group of different Transport Service Operators (TSO) being interested in using the network to
operate their Pods fleefThe described process is illustrated Figure53 above, indicating the
wLaQa NBfS gKAOK ¢S | NR&isWiged) tiodingyhd exdtiig BurgpeanS t £ 2
Capacity Management and Planning approach for the rail network of the EU as specified by
9 dzNR LISQa RillarATesk3.2 4G SY

The track capacity being made available for Pod trips is planned by RIMs based on forecasted
traffic demands in different phases for multiple years ahead, including the -$fornt planning

phase within the current year. The overall plargnimorizon depends on the size of the network so

that RIMs of smaller (national) networks may provide a capacity plan only for the current year plus
the next. The planned capacity is offered to the TSOs which respond with capacity orderings to
reserve the apacity for expected number of Pod trips of the TSOs on a given line section and for
a given time interval.
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At the same time, Temporary Capacity Restrictions (TCR), caused by e.g., track maintenance, repair
and renewal or adverse weather / environmentahddions need to be published and considered
for the planning.

1. Coordinating and publishing of TCRs (RIM)

The coordination and publishing of TCR is a horizontal process managed by RIM, going along all
phases of capacity planning, see also Annex VII dbiteetive 2012/34/EWYEU.2012/34VI1) The
coordination is required to prevent areas from being disconnected from the rest of the network
for some time or to keep the impact on planned trips limited. For this purpose, diffenetitods

as e.g., clustering of TCR are applied which need to be performed using commonly agreed
principles in a constant communication process together with all stakeholders involved. For
capacity planning of the Pods network, the coordination of TCR elated communication is
envisaged following a modern maintenance planning approach as descrife&MARAIL D8.1,

2024)

The required process activities involve
A Defining TCR and TCR window planning principles

Use available méds (e.g., clustering) to minimize overall TCR capacity impact
Coordination among the relevant stakeholders

Consultation with TSOs and other relevant stakeholders

Preparation of TCRs in the capacity plan

Publishing of TCRs

> > > > > P

2. Handle annual capacity requestRIM and TSO)

[FGSad wmp Y2yUuK&a IKSFR 2F aSaddiay3a | ySg I yyd
performing feasibility studies and consultation with stakeholders to set up the initial capacity offer

for their network which is published 12 mithrs ahead of X, i.e. at-X2. Anticipating expected

traffic demand, the TSO start to request network capacity for expected trips based on the offered

and available capacity. These requests can be submitted until a certain deadline which is typically
X-8. If two TSO request the same capacity for different Pod trips, such conflicting requests are
coordinated by the IM to ensure best outcome. This may lead to minor or even major changes to

the initial requests. Finally, a new annual capacity plan, based ogtéom TSO traffic
expectations is established and published by the RIMs. This annual plan provides the basis for early
ticket sales for trips planned by end customers using the Pods of the TSO.

The required process activities are
A Performing feasibilitytsdies, stakeholder consultation {26 to %12)

Publishing the initial capacity offer-02)
Processing annual capacity requestd 4o X8)
Provision of confirmations of annual capacity requests / capacity offers to TSOs

> > > >
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3. Handle late capacity requests [R and TSO)

Capacity requests issued by TSO betwedhaxXd X2 are processed on a first corfiest served

base. The requests may be related to offered capacity still available as publishelR atrXo
unplanned capacity. The process results in an divaligned, feasible capacity plan which can be
safely operated, considering the needs of passenger and freight transport demand of different TSO
which are sharing one and the same rail network. This annual capacity plan is publiskzdrad X
used as thédasis for the operating period X to X+12.

The required process activities are
A Processing late capacity requests betwees ahd X2

A Provision of confirmations of late capacity requests / capacity offers to TSOs
A Publishing the resulting capacity plan asaal plan at X

4. Handle adhoc or shortterm capacity requests (RIM and TSO)

Once the annual capacity plan was published -& XSO still have the option to issue capacity
requests until the day of operation of the respective Pods using the capacionoérn. Again, the
requests are processed on a first coffirst served base but also different other allocation rules
apply e.g., for dimensioning timing allowances for the Pod trips. The resulting capacity plan is
handed over to operations asgreed Ddy Plan.

The required process activities involve
A Processing of capacity requests issued aft@ruftil day of operation, latest X+12

A Provision of confirmations of adoc / shortterm capacity requests / capacity offers to TSOs

5. Handle capacity change @ancellation requests (RIM and TSO)

The TSO may issue requests to change or cancel already allocated capacity beBaseeh X+12.
Typical reasons for cancellations or changes of allocations are change in the expected demand or
operational problems. Thissued requests may also involve changes or cancellations of parts of
the allocated capacity in terms of subsets of the intended running days or parts of the trip routes
for the Pods.

The required process activities are

A Processing of capacity requestausd after X2 until day of operation, latest X+12
A Provision of confirmations of capacity change or cancellation requests
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6. Handle capacity alterations (RIM and TSO)

Between X5 and X+12, the RIMs could face reasons to request alterations to capacayyalre
allocated by TSO. The alterations may involve adjust, replace or withdraw capacity. Typical reasons
are reprioritization of track maintenance or accidental restrictions like broken tracks or switches.
Any capacity alteration is to be confirmed or refd by the TSO.

The required process activities include
A Identification of needs for alteration of existing capacity allocations betweBraXd X+12

A Provision of proposed alterations of allocated capacity to involved TSO
A Processing of alteration confirrians or refusals

7. Provide initial Operational Plan to Operations (RIM)

To feed the Operations with latest agreed plans, an initial daily Operational Plan is generated from
the capacity plan between-X week and X+12. The generation includes the checkdote
compatibility of the assigned rolling stock (vehicles) and load / cargo type including, e.g., axle load
or hazardous goods information. The check also considers time dependent route restrictions.

Articles 21 and 23 of Directive (EU) 2016/{&0.2012/797pn Interoperability introduce the
process for obtaining authorisation of a vehicle for an area of use and the route compatibility
checks that must be done to ensure route compatibility before the authorised vehicla(d)eca
used. For the content of the route compatibility checks, please refer to The Technical
Specifications for Interoperability on Operations (OPE TSI), section 4.2.2.5 and the therein
mentioned Appendix D{ERA, 2024)

The reyuired process activities include
A Generation of daily Operational Plan betweeti ¥eek and X+12

A Route compatibility check for Operational Plans
A At least once a day: Provision of daily Operational PAaineled Plapto Operations for a moving
time window d the next 7 days

8. Planning of Pods trip timetables (TSO)

TSO are performing an assessment of expected demand for future Pods trips on the rail network.
The demand forecast is based on trip timetables in the past and assigned information about
number oftransported passengers or transported cargo and load. Together with developing socio
economic indicators such as e.g., number of people living and working in different areas or future
opening or closing of factories or production sites, and availabilitpwipeting transport systems,

this information can be used to derive future trip timetables fitting to the needs of the end
customers for a couple of years ahead. The resulting model also includes the numbgobf
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different types expected to be used feach trip. It is updated on a regular basis to ensure a best
match with the effective network capacity being requested to operate the trip timetables. At the
same time, rotation plans fo€EUand transportedTU are derived from the trips timetables to
provide the required size of the CU and TU fleet considering contingency, CU maintenance
intervals and depot locations. Additionally, the number of requistdffs for operating the
timetable is assessed to compare with existing staff and take early actigngoe hiring new staff
members if necessary.

The required process activities include
A Trip demand forecast and assessment

Provide future trip timetables to feed capacity requests and TU managing entities
Provide rotation plans forlCandTU
Manage resowes CU staff) against trip timetables

> > > >

7.2.2 Management of operations on the Pods network

The management of operations on the Pods network is performed using a system called POMS
(Pods Operations Management System) being used by the RIM and keeping cbotrblad
operations in a rolling time horizon including the current day plus one or optionally more days.

Key elements of this system are to support supervisory control and implementation of aligned
traffic control decision for the Pods in case of incident disruptions. It is supporting the process
illustrated byFigure54, showing the scope of RIM activitiedich,we are focussing on in yellow

colour. The underlying approach is partially based on théougate view on specifations for rail

Traffic Management Systems as available through thé&kBUSystem Pillar.

Ly GKS F2ft26Ay3as ¢S oAttt dzasS GKS GSN)Y W3iNF Ay
Ccu
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Figure54: Process of Pods opations management (Capacity ProductiofBURail System
Pillar- Task 3, 2024)

1. Manage operational risks (RIM and TSO)

As part of risk management, external events causing operational issues such as strikes, bad
weather conditons etc. during Pods operations are considered. The risk handling follows a
standard assessment procedure which triggers preventive measures to mitigate the risk. when the
estimated risk of possible events becomes high enough. This also includes sharinigkth
coordinating measures with other involved parties.

Process activities:
A Receive / request assessment information

Determine if risk profiles exceed agreed threshold

Determine if risk needs to be shared with other parties

Determine if measure(s) ust be coordinated with other parties

Take preventive measures (e.g., reduce number of tripslfor trips due to storm)
Follow/exchange progress.

> > > > > P

2. Provide Operational PlagRIM)

The current version of the Operational Plan as managed by the POMS ideprdoithe ATO
Execution and Plakxecution function of the ETCS Hybrid Level 3 (Hybrid Train Detection) based
Command and Control System (CCS) to steer the trains with respect to demanded earliest and
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latest arrival times at trip locations which could alse intermediate operational locations not
involving planned stops. At the same time, the updated Operational Plan is made available to the
connected Mobility Management Platform(s) (MMP) to keep end customers informed about
delays and incidents in conjation with their booked trips.

The important operational constituents of the Operational Plan are the description of movements,
a set of restrictions (including TCRs with assigned incident information) or eventually warning
measures existing along the raubf the movements.

After having received thagreed Plafrom the network capacity planning, the POMS copies it into

its Operational Plan data structure and amends it with the operational constituents mentioned
above. Starting from now, the OperationabRlis continuously updated following ret@ne CU
position feeds and Pods operations management decisions taken. The Operational Plan carries all
information necessary for its execution.

Process activities:
A The Agreed Plan is received from network cayguianning, according to a predefined and
agreed topological representation of the controlled area.
A The received plan is complemented with operational information and continuously updated
following CUposition reports and Pods operations management denksi
A The Operational Plan is provided to AEecution and PlaBxecution functions of the CCS in a
convenient advance.

3. Observe field and network status at redime (RIM)

The POMS and its operator observe any movements of controllable and relevanvaliser
objects which include movable rdibund objects currently on the tracks as well as-naittbound
objects currently on or near the tracks. Other field status information like GNSS based CU
positions, track circuit / protection section occupancy, aither asset status are constantly
reported to the POMS to update the POMS views and logs and to feed the deviation detection.

The information made available ensures antapdate view on the situation and the state of the
Pods operation on the rail networlo detect and understand risks and to maintain situational
awareness.

Process activities:
A Monitor field and network status

A Detect and understand current or upcoming issues
A Mark for direct follow up
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4. Sense deviations from the Agreed Plan (RIM)

Due toreported CU positions indicating a location where the CU should have been earlier, the
respective CU is identified as running late when comparing the updated Operational Plan with the
Agreed Plan. Also, the opposite case may happen indicating CU runmiieg. 8ne deviation is
detected by the POMS and indicated in the control views of the system. This capability is also
supported with configurable colours indicating the extent of running late or early. Something
similar holds for other operational objeclike TCR. If operational TCR are not started or released
as planned, this is indicated by the system requiring attention of the operator.

When deviations are detected (in other processes) they are evaluated if a feedback to network
capacity planning shodlbe given to improve future capacity plans and resulting agreed Plans.

Process activities:
A Compare updated Operational Plan includ@®igpositions reported at specific times with the

Agreed Plan to detect deviations.
A Compare reported begin and end oERs with begin and end times given in the Agreed Plan. For
each TCR, the displacement between its current state and the originally agreed one is verified

5. Sense deviations in infrastructure availability (RIM)

It is important to identify faulty field elenmds, occupied sections with defective trains, and TCR
induced by Incident Management and to identify possible resulting issues with the Pods operating
on the network. The issues are often related to non or constrained capability of using the
infrastructureresource being affected causing delays oraating needs or even cancellation of

the directly impacted trip but also other trips having assigned the same CU or TU according to the
TSO rotation planning.

Process activities:
A Consuming the messages coigifrom connected field systems or components and evaluating

them.

A Check whether the information received will cause issues with planned trips currently being
executed or planned

A Identify impact for the trips

6. Handle deviation from the Agreed Plan (RIM)

Once deviations from the Agreed Plan impacting the Pods operation have been detected,
operational measures are taken to minimize the impact. This involves inter alia, changing the order
of CU expected to appear at certain locations, changing the platfoaoks$ currently assigned at
planned stops, changing crossing locations or cancellation of trips, short turning, skipping stops
etc.
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Deviations from the Agreed Plan (early arrivals or delays) are handled in ataig@ed way to

get back on schedule aaahng to the Agreed Plan as soon as possible. However, the deviations
are not necessarily leading to substantial delays e.g., at commercial stops or impacting other trains
to receive substantial delay. In these cases, operational control decisions anecestsarily to be
taken.

If deviation of operational TCR from planned TCR are detected, this is indicated by the system
requiring attention of the operator. This is especially given in the case that the operational TCR is
not started / released as plannaat not planned at all, i.e., a new one typically induced by the
incident management. The TCR residing in the Operational Plan can be updated in these cases
either by integrated systems responsible for managing the TCR as e.g., maintenance management
systens, or by manual changes performed by the operator. When deviations are detected (in
other processes) they are evaluated if a feedback to network capacity planning should be given to
improve future capacity plans and resulting in Agreed Plans. This alkmlescautomated
synchronization of operational TCR information with the planning process if the start time or the
end time of the TCR in the Operational Plan is set to a time later than the current time plus 24
hours and hence, relevant for planning andsimleration in the Agreed Plan. Also, cancellation of

an existing and satp of a new operational TCR being relevant for planning is communicated back
to planning.

Process activities:
A Operational control decisions are taken so that the intended levetofice can be reached again

as soon as possible. Typical control decisions examples are

O Holding back £UA at a in front of a switch for letting anoth@UB pass by.

Holding back &£UA for awaiting arrival o€UB and TU transshipment from A to B at a

station or transshipment point until a certain maximum time threshold is exceeded

according to current Operational Plan.

Set a maximum speed restriction foCAA on a defined line section on its planned route.

Activate/de-activate enforcement of platoonmfor two or multipleCUrunning after each

other.

A Required changes of operational TCR (i.e., residing in the Operational Plan) are performed either
automatically triggered by integrated systems or manually by the POMS operator according to
available infomation from operations.

A New, cancelled operational TCRs or changes of TCRs are synchronized with the capacity planning
LINPOS&da AT (KS&@ FINB NBt{SOIyiz AdSodr KFEGAy3a +y

O« O

O« O«

7. Perform traffic forecast and automated Operation&lan adjustment (RIM)

The traffic forecast for the rail network is calculated every n seconds where n should be between
less than 1 and 10 seconds. It considers the current status of operational TCR and CU positions
with their routes and timing in the esting Operational Plan, the Agreed Plan and active train
control decisions. As a result, the updated Operational Plan reflecting the forecast result is used
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to identify issues and address them by deciding and implementing new or updating existing control
decisions to automatically adapt the Operational Plan for the involved controllable objects in the
next cycles of forecast calculation and Operational Plan adjustment.

Process activities:
A Perform a traffic forecast as an automated function of the POMSsidering the capabilities and

behaviour of theCUand the signalling / interlocking, ATO and ETCS L3 systems.
A Update the Operational Plan automatically based on the forecast result and active control
decisions.

8. Detect and address Operational Plan issugutomatically (RIM and TSO)

In principle, issues identified in the current Operational Plan are related totolerable
deviations of the current Operational Plan from the Agreed Plan which have not been addressed
yet. This is mostly because of upcomiextensive delay of CU with respect to their planned trip.
The extensive delay of CU following their assigned trips is indicated to the operator in the POMS
views using e.g., heat map coloured indications with respect to the current delay incurred.

A bult-in system logic provides a set of appropriate control decisions and assigned parameters to
address the issues by reducing the delays and hence, the related issues. In cases where control
decisions reflecting TSO CU or TU links to other trips (ensumagl'$O rotation plans) are
infringed, the TSO is in charge to update the rotations and replace the impacted links with new
ones leading to automated generation of related new control decisions. The existing set of
decisions is updated with the new onesdigag to decision dactivations, changes or activations
being applied for the next Operational Plan adjustment. The decision of cancelling trips is not a
automatically generated control decision but needs to be initiated manually by the operator in
case ofobserving continuous increase of the delay level. Cancellation of trips are to be
communicated and aligned with the responsible TSO representative, also to assess and identify
consequential effects impacting the Operational Plan.

Process activities:
A Indicate extensive delay @Ufollowing their assigned trips in the views

A Provide a set of appropriate control decisions and assigned parameters to address the extensive
delays

A Update existing control decisions with newly provided ones

A Cancel trips manuallptaddress continuous increase of the delay level if required (POMS
operator in alignment with TSO)

9. Maintaining and handling of control decisions (RIM and TSO)

Control decisions are created, activated andaitivated automatically to reduce the need of
manual interventions by the POMS operator as far as possible. However, control decisions can also
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be created, activated and dactivated manually. Additionally, the operator may decide to protect
a control decision from being automatically overridden by éluéomated updating cycles.

The operator uses the POMS decision support module for addressing larger disruption scenarios
leading to more complex change scenarios for the Operational Plan and assigned control decisions
to be obeyed. Different change scere can be compared and studied with respect to their
impact and effect before deciding and activating a selected scenario. For ensuring the alignment
of the decisions taken, TSO representatives can be involved by workflow means sharing the
scenario viewsThey provide their formal consent for the envisaged decision scenario managed
by an approval workflow capability.

Control decisions not anymore influencing their referenced controllable objects are automatically
deprecated. Any activation, change or -ddivation of control decisions is logged in the
operational log provided by the POMS.

Control decisions may indirectly @etivate themselves depending on assigned conditions and
parameters as e.g., maximum time thresholds.

Process activities:
A Provide maually a control decision and assigned parameters if required (POMS operator)

A Protect manually provided control decisions against automated updates if required (POMS
operator)

A Use a protected workspace of the POMS to provide manually one or more seleofgtve)
control decisions and assigned parameters to study and address larger disruption scenarios
(POMS operator)

A Decide for one set of control decisions in the workspace to be activated including TSO
representative if required in a (shared) workflder final approval.

A Automatically deprecate control decisions not anymore influencing their referenced controllable
objects

A Continuously check for fulfilled conditions assigned to control decisions to suppress the related
control action

10.Log cause of devians and delays (RIM)

When substantial deviations occur, the (root) cause is registered for later reporting, accountability,
performance analysis and billing. A cause for each deviation is assigned automatically as far as
possible. However, it is also ggble to let the operator assign it manually by selecting from a list

of predefined causes/ categories. The cause for the secondary deviations as a consequence of root
causes or secondary deviations are automatically assigned.

Process activities:
A Regiser root causes of substantial deviations automatically after they occur
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A Register root causes of substantial deviations manually after they occur (POMS operator)
A Register causes for the secondary deviations as a consequence of root causes or secondary
devidions automatically after they occur

11.Receive infrastructure operating state from safety logic (RIM)

The POMS continuously receives details on the infrastructure operating state from underlying
systems. The information comprises status of field elemetresck section occupations and
operational TCR including deviations from the planned characteristics and failures. It is transferred
to the POMS using standard interfaces like GRIRCA, 2022)r upcoming TMS/CCS Model based
interfacing using the ERail Integration Layer approach, e@Rail-D6.1, 2020)(X2Rai¥-D9.1,
2021)and System Pillar Task 2 (for TMS/CCS Model).

Process activities:
A Receive details on the irafstructure operating state

12.Receive CU operating state from ETCS and ATO (RIM)

The POMS continuously receives CU status information from ETCS and ATO via standard interfaces
like SGDP (RCA, 2022pr upcoming TMS/CCS Modeaded interfacing using the ERAil
Integration Layer approach, s€¢2Rail-D6.1, 2020)(X2Ra#4-D9.1, 2021and System Pillar Task

2 (for TMS/CCS Model). The status information includes thedSltigm, door status of th@'U

assigned to the CU and detected emergency. Further future capabilities being relevant for
communication with the POMS are expected to be provided by the activitieswIEW f Qa Ct H
R2DATO project and folleups in Flagship Aa 2.

Process activities:
A ReceiveCUstatus information from ETCS and ATO

13. Supervision, monitoring and alarm management (RIM and TSO)

The operational process of supervision and monitoring is supported by the POMS making use of
appropriate views visualizinthe incident and delay information as well as other deviations from
the Agreed Plan. The POMS operator and TSO operational staff are following the updated
information being shown.

Alarms are raised in case of required attention or action in conjunoidh e.g., abnormal
operating states of critical assets or reported incidents. The alarms include an alarm ID, a severity
category, a clear description, affected CU (s)/trip(s), a time stamp and alarm status. The alarms
are managed by the POMS operatoterms of changing the status for confirming notification and
action taken. All status changes of alarms are logged in a secure manner for juridical records.
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If needed, the POMS operator and TSO representatives are able to initiate verbal communication
with the passengers located in TU attached to selected CU, see also no. 17 below.

Process activities:
A POMS operators and TSO perform supervision and monitoring using the POMS views

Alarms are raised in case of required attention or action

Alarms are managebly operator and TSO representative

Alarm management activities are logged in juridical recording
Initiate and perform verbal communication with affected passengers

> >y >

14.Operations in depot areas or sidings (RIM and TSO)

Movements of CU with or without attdned TU going to and from depot areas or sidings to be
parked, cleaned, inspected, maintained or repaired, are locally controlled using remote control
devices by authorized staff. The local management of the track capacity in these areas is based on
plannead track reservations and movements to and from the reserved track sections as well as
locally defined TCR. Specific views of the POMS are available supporting this planning process
down to realtime time scales.

The goal of this process is to provide gariformation about potential issues in making CUbr
available at the requested times and giving estimated times of availability of the CU and TU in the
planned trips departing track of the station.

The updated Operational Plan with its planned arritales and tracks and relevant CU/TU
information is used to feed the local capacity plan to ensure any preparatory measures can be
taken intime. At the same time, the estimated times of availability of the CU and TU in the planned
trips departing track ofhe station are used to update the Operational Plan accordingly.

Process activities:
A Local control o€Uwith or without attachedTUin depot areas or sidings

A Local planning and management track capacity in depot areas or sidings

A Feed relevant planned aval times and tracks and relevant CU/TU information of the Operational
Plan to local capacity management

A Feed estimated times of availability of t#Jand TUin the planned trips departing track of the
station from local capacity management into the @génal Plan.

15. Receive information from the Transshipment Areas (RIM)

The capability to exchange TU between CU of the same and of different transport modes is key to
the operational characteristics of the Pods system. The exchange process itselfrisedeas
Transshipment Process in more detail in seclidh8below. The handling process in these areas
also comprises exchange of TU between CU and storage areas which might be attached to the
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Transshipment Areas.

The proess status of thélSin Transshipment Areas is sent to the POMS for indication of progress
in the unloading, loading and locking process to the operator using the POMS views. An estimated
time of finalization of the transshipment process is performed usihggchnology considering the
specifics of the area, the current status of it and a moving window of historical information,
providing the basis for simulations and continuous training of the machine learning feature.

The resulting estimated overall halivth time is reported back to the POMS and included as
dzLJRIF G SR WRgStf GAYSQ Fd GKS (NI yYyaakKALYSyd | NB

Process activities:
A Receive process status of thSin Transshipment Areas

A Visualize progress of the handling process mROMS views
A Provide estimated handling time in transshipment area and update Operational Plan accordingly

16.Receive information about mobility demand status and forecast from the MMP(s) (RIM
and TSO)

The MMP) of the TSO features a component for providimeystatus and anticipated mobility
demand of passengers in the future. This function is based on Al technology, the current trip
booking status and the trip searches / requests performed by travellers in thglpastRe D6.2,
2024)

The status and forecast of passenger demand are transferred from the Mobility Management
Platform(s) of the TSO(s) to the POW#8tuRe D6.2, 20247 his information includes
a) the number of passengers expected to-board or offboard theTUplaced on theCUat its trip

stops including the departure and destination stops;

b) the number of passengers expected to belmard of theTUplaced on theCUbetween any two
subsequent trip stops including the departure and dediion stops; and

c) the number of expected passengers to travel between any two stop locations of the Pods rail
network in defined time intervals, e.g., of one or two hours.

The information included in a) is used by the POMS to feed the Operational Rlarthei

estimated duration of stops. This is accomplished by
A deriving the required time for the passengers to individuallyooard and offboard; and

A considering the effect of people (crowds) on the platforms or in stations causing hindrances for
passenges trying to onboard.

The information included in b) is used for feeding the CU prioritization for taking appropriate
control decisions minimizing the overall impact of control decisions whereas the information given
by c) leads to additional shetérm capacity requests for adding CU trips or changing the TU
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assigned to already planned CU to upgrade passenger capacity.

Process activities:
A Send mobility demand forecast information from the MMP into the POMS on a regular basis
A Use the demand forecast infmation for estimating the duration of stops, prioritize CU for
effective control decisions, adding trips or enhancing TU, i.e., increase total seat capacity of TU
attached to a CU in planned trips
A Apply change the Operational Plan accordingly

17.Incident Management (RIM and TSO)

Information about incidents is received by the Incident Management function from different
channels including emergency hotlines, supervised field status including anomalies directly
reported by track, CU or TU sensors, or repothgdasset management or local operational staff.
The received incident information is logged and reported to liaise with operational staff of RIM,
TSO and emergency / rescue staff for folop

In general, the management of incidents is following exisemergency procedures available for
different types of incidents. In the following, a general description is given focussing on handling
2T Iy AYOARSYyGQa AYLI OO 2F GKS t2Ra 2LISNIOAzZY

After having identified the incident impact area and classifiedxhg OA RSy (. Q& y I  dzNB
the required type of constraint for the Pod operations is defined and one or more operational TCRs
are set up securing the Pods operations and activities in the impact area. The TCR are updated as
soon as new or more detadanformation can be assigned. The TCR reflect the current constraints
and their impact on Pods operations with assigned forecasted duration and linked comments
relevant for the MMP and its mobility information channels to inform connected end customers.
Assuming the availability of a modern intelligent asset management system (IAM&Yimated
time-to-repair delivered by such a system is used as initial input for deciding the forecasted
duration of the TCRIAM4RAIL D2.2, 282 This information is updated automatically once the
maintenance management system and its digital planning component, see also DMPS system in
(IAM4RAIL D8.1, 202dpmes up with a planned begin and end time of repair &t liked to

the TCR.

The impact of the incidents on the Pods operations is handled by keeping the related TCR in the
Operational Plan upo-date and being considered for the next cycle of adapting the Operational
Plan addressing the current TCR staee also no. 6 (Handle deviation from the Agreed Plan)
above.

Incident managers may initiate verbal communication with passengers located in one or more TU

attached to specifi€Ubeing affected by incidents. The communication line {gitgctional tolet
the incident manager assess the situation and to give instructions or advice.
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To ensure a sustainable safe operation of the Pods, regular activities are performed preventing
incidents. Such activities comprise regular inspection and prescriptive enainte (IAM4RAIL
D9.1, 2024)of operational asset like CU, TU, track, signalling components or transshipment
components. The operational computer components and installed software is vulnerable to cyber
security threats. Theffere, regular updating of the installed software with available security
patches is essential.

Process activities:
A Acquire information about incidents

Log and report incidents

Liaise with operational staff of RIM, TSOs and emergency / rescue stafidor-tp.

Provide and update operational TCRs reflecting the impact on Pods operations and including
comments for feeding the MMP

Handle the impact of incidents on Pods operations by managing the related TCRs in the
Operational Plan accordingly

A Initiate ard perform bidirectional communication with affected passengerd it

A Perform preventive measures

> v >

>\

7.2.3 Carrier Unit Positioning

The CU positioning function is a basic function required for the POMS. A CU position shall be
OGN} YAaFSNNBR Ay Nidway operations dontral yechnbddy, | t@i@ ar vehicle
positioning is usually performed using the detected occupancy status of specifgestibns of

GKS (NI Ola a Soe3ads GNIF O] OANDdzZAGA& 2NJ LINRBGSOG.
of positioning have some major weaknesses. Firstly, depending on the environment or
degradation status of the railway infrastructure, the track cirdadsed positions are not accurate

Ay GSNX¥Xa 2F a2YSUAYSA A a&a dzi yeaused Bykraind/ vehidleCaaizl Il G A
closing the circuit. Secondly, they do not allow to indicate whether a train/ vehicle has come to a
stop or not. And thirdly, it is not clear where the train or vehicle is exactly which is problematic in

the light of the Pod characteristics since some these sections may often be longer than 1 km.
Anyway, this information is important to provide an overall best quality of knowing where a Pods

/' A& o0& O02YO0AYAYy3d GKS SEA&AGAYT WIMAYSAYNT QA 3 A

The localisation Unit is in charge of estimating the position but not of transmission.

Most of the trains in Europe are today localised based on a ®HS&S component embedded
either in the train, or on tablets equipping drivers. Moreover, marel more wagons are also
equipped for fleet management and maintenance services. GNSS chips provide cheap and
continuous position information. Some can rely on batteries (for wagons for example). The
accuracy is in the order of a metre, and frequencyhef position is typically 1Hz.

However, GNSS as a staaldne solution does not provide the performance expected for safety
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critical applications as in the case of the European Railway Traffic Management System. For these
applications, accuracy can be abjective (in particular, when aiming to distinguish between
parallel tracks) but integrity is even more challenging. Integrity is the ability of the system to
prevent the use of a GN®&sed position when the required performance cannot be reached. This
isperformed by associating to each position a confidence interval, reflecting a level of uncertainty.

Classical ERTMS positioning solutions today rely on the use of physical balises placed on the tracks,
allowing the train to estimate its position when aging the balises. Between balisedpmetric
equipmentcalculates the distance travelled by the train from the last balise. For every travelled
distancethe accuracy shall be better or equal to £ (5m + 5% s). The fixed + 5m tolerance is intended
to coverthe longitudinal uncertainty of the balise reader in detecting the balise reference location.

As odometer cumulates drifts along its run, balises plays a role of regular error resets.

To reduce equipment and maintenance costs, increase network efficiénoppe is driving a
roadmap towards the adoption of EGNSS in signalling applications-liaN&$Slocalisation units

are under development, relying on the use of multiple sensors such as IMUs, digital maps or
odometers.

IMU and odometers provider higherefquency data, with good accuracies but suffering from
biases. Because of measurement integration in time, bias is accumulating in time and errors are
following a growing ramp. GNSS receivers typically provide 1hz positions, but their accuracy and
reliability strongly depend on the local environment along the antenna. Indeed, satellite signal
reflections on buildings, station walls or roofs, or trees along the track create delays and loss of
availability sometimes that can appear to look like random errddsreover, typical GNSS
accuracy will show that estimates can be close to the track but not on the track, that may require
some techniques called mapatching to project the GNSS estimate on the track and be usable in

a railway framework. Fusion solutioage then developed to take benefit of the heterogeneity of
these sensors and provide an accurate and safe trathaard localisation function.

The development of these GN8&sed solution can be considered today available for-saiety

critical requiremg’ 14 YR A& 2y RS@St2LISyYyd Ay Ylyeée oA13
rail, the EUSPA, ESA or national programs. Demonstrators are expected in the next years, that will
pave the way for its use in the CU.

7.2.4 Platooning, Virtual Coupling and Convoys

The term Platooningis originating from the sectoof roadbased truck operationin 2016, the

ACHR (Association des Constructeurs Européens d'Automobiles, European Automobile
Manufacturers' Association) initiatethe European Truck Platooning Challef§€EA, 2016n

which 6 truck manufacturing companies joined together to perform the first platooning field test

in Europe. In the Pods context, the idea of using the railways related technologyirfoal
Coupling(VC) is foresaeto allow theCUNHzy Yy Ay 3 6 SKAYR SIFOK 20$KSNJ Ay
of very short, relative braking distances. This is achieved by means of a virtual link that regulates
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and minimises headways of the virtually coup@dwith the same (or similar) dymaic behaviour
as if they were mechanically coupled. The virtual link is expected to facilitate alraséol
synchronization of the braking procgssrformed by theCU

In the recent past, there have been a number of projects receiving European funditigefor
conceptual work in the area of virtual coupling of train sets. In the Pods system context, trains or
train sets can be assumed as one or multiple virtually coupled CU. Thus, the available conceptual
work is seen as relevant for the virtual couplingncept of the Pods system.

In the former European Horizon 20@BbgrammeShift2Railthe Innovation Programme (IP) 2 with

its Technical DemonstratdD 2.8Virtual Couplinglelivered the respective results which are seen

as the major constituents for the Be concept. These results were created in the following
projects under Shift2Rail IP2: Besides identifying operational procedures and testing methods for
Moving Block signalling, the project MOVINGRAIL (MOving block and Virtual coupling New
Generations oRAIL signalling) assessed related relevant communication technologies and impacts
of Virtual Coupling on different segments of the railway market.

The WP 3 activities where summarized in the following deliverables:

A D3.1 Virtual Coupling Communication Sioins Analysis; the authors analysed current technical
communications solutions, that could be exploited to implement virtual coupling on a real railway.
This analysis has been performed on a theoretical basis, and resulted in an assessment of-the state
of-the-art in communications systems that are candidates for implementation in a final virtual
coupling solution.

A D3.3 Proposals for Virtual Coupling Communication Structures; concluded that the
communications architecture for virtual coupling should beduhsround 5G principles with a
cellular network connection for long distance communication and a Peer to Peer direct link similar
to IEEE802.11 (W), but fully integrated into 5G, for short range communication. It should be
noted that 5G was chosen dset most modern mobile radio communication standard at the time
of the project which would be still valid today. However, the activities for setting up the future
standard 6G started in 2017 to achieve transfer rates up to 400 Ghit/s until earliest 2038ashe
5G achieves a theoretical maximum of 20 Gbit/s.

In WP 4 the following relevant deliverables where made available:
A D4.1Market Potential and Operational Scenarios for Virtual Coupling; includes
O the evaluation (SWOT analysis) of the attractivenesé&rtdial Coupling (VC) for the market
segments higtspeed, main line, regional, urban/suburban, freight; and
O defined operational scenarios for each of them.
A The following challenges where identified:
O Safety challenges
1 Distance at diverging junctions: Swigs might not have enough time to be moved
and locked in between consecutive trains with potential risks of train derailments.
Recommendation: apply absolute braking distance in this case.
I Communication frequency: Risk for collisions when braking infaomats not
broadcasted timely. Recommendation: select a communication technology that
ensures sufficiently frequent information exchange.
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T Platooning trains with different characteristics: In the case that trains have
different braking characteristics, théllowing train might overshoot its MA.
Recommendation: exchange information about breaking capabilities and adjust
braking rates accordingly.

O Technological challenges

T Communication architecture: A V2V communication layer which complements RBC
to train communication for communication position, speed, acceleration reliably
at high frequency needs to be deployed.

I Interface with TMS and IXL: The main challenge is to understand whether trains
can still be controlled by central TMS or individually. Inteiiloglareas controlled
by onboard system using train to IXL interface thinkable, could improve safety at
level crossings (e.g., when train detection is removed with moving block).

I ATO Interface: Generally, a problem that already exists. Requiressp€dite
functions for keeping relative distance and considering individual braking
performance.

O Infrastructure and operational challenges

1 Platform length for platoons: Longer platforms might be required to allow platoons
of multiple trains to stop at the saentrack. Segregation of a platform might be
required to avoid confusion when trains of a platoon have different destinations.

1 Train planning rules: The running time of a train in a platoon depends on the
characteristics of the platoon (thus, the otherita).

1 Engineering and operational rules:

f ahy GKS Ffe¢ O2dzLf AyaIkRSO2dzLX Ay3 g2d
only suitable for market segments where the distance to stations/junctions
is sufficiently high.

1 Switches might not have enough time to bafely moved and locked at
diverging junctions, thus absolute braking distance should be imposed at
the switch to tolerate switch failures.

1 Cooperative management of railway traffic is required.

1 Protocols for traffic management and traio-trackside conmunication
might be modified

A The deliverable concludes that, once having overcome challenges of initial invest and needs for
changing operational rules and procedures, Virtual Coupling has the potential to revolutionise and
improve current train operatios so to induce a sustainable shift to railways.

A DA4.3 Application Roadmap for the Introduction of Virtual Coupling; this deliverable suggests to
distinguish between the norital VGconcept for Platoons and the vital d@ncept for Convoys
which we also fagsee for the Pods. In the light of ensuring minimization of the relative braking
distances between the Pods using radio communications, it is valid to use th€mmoyinstead
or Platoon for the Pod System in the future.

Based on the MOVINGRAIL outpMiOVINGRAIL WP3 and WP4, 2019/2021@) project X2RaB
Advanced traffic management and control for railways delivered the following relevant results.
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WP 6 Virtually Coupled Train Sets (VET3)ncept and Safety Analysis
A D6.1 VCTS Concept and Application condition analysis; resulted in a number of advantages of the
VCTS approach compared to existing classical railway signalling apx@&zi3-D6.1, 2020)

O To replace the mechanical couplifgorder to enhance efficiency and flexibility of the consist
building procedure

O To increase line capacity by reducing the (train) headways

O To reduce maintenance cost in relation with best use / max capacity of the line

O To increase competitiveness makimgre efficient goods and passengers transportation over
the railway network with respect to the road transportation

O To improve the use of the existing station platforms. One platoon can be shared using several
platform tracks

O To reduce global investmertosts by adding on board and trackside signalling/electronic

systems, instead of tracks or heavy changes of the infrastructure
O To increase operational flexibility ensuring interoperability

O To save cabling, materials, weight and design constraints-bbard rolling stock

Application of the WP 6 results to the Pod System would allow the virtually co@uléal safely
maintain a controlled headway between them, which is typically shorter than the conventional
absolute braking distance between trains. E&timanages the computation of its headway based
on:

O its own specific braking characteristics
O GKS OKIFNIYOGSNRAAGAOEACURZT 20KSNJ WHANIidz & O2dzL
O the current dynamic information as speed, position, etc. o€C&ll

All CUof the virtually coupled Convoyaperate to exchange the relevant data for implementing
a coordinated supervision of movements, based on the characteristics ©@Uaklonging to the
Convoy. This leads to the maximisation of the network capacity, by all@itgrun at a distance
(i.e., headway) that is the minimum achievable with a specific technology.

A D6.2 Performance and Safety Analysis (confidential); included a parameter study and comparison
between relative braking distances used with VC and absolute braking distances of Ickigsatbng
(X2Rai3-D6.2, 2020)Applying the results of the D6.2 to the Pod System provides

O 6KS RSFAYAUA2Y 2F (KS wStl GAGBS . NI ACYtEat 5Aa01
guarantees safe braking tostanéist t QT | y R
O NBRdzOSR O2dzZLJt Ay3d yR RSO2dzZLJt Ay3d GAYS 27F dzL

In WP 7 Virtually Coupled Train Sets (VG Bystem Specifications and Business Model, two
deliverables of interest were identified:
A D7.1 Technical FeasibjlitAnalysis(X2RaiB-D7.1, 202Q) The most critical aspects for VCTS

implementation were identified as:

O Precise supervision of the distance and relative dynamics between the coupled vehicles (CU)

Fast and accurate brake coat with precisely adjustable braking effort

Availability of suitable T2@ommunication technologies and the respective frequencies

Reliable and continuous supervision of not only the train (CU) integrity but also the Convoy

integrity

O« O« O« O
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A D7.5 Analysis of thBusiness Modé¢X2RaiB-D7.5, 2024)providing the analysis of the application
of VCTS in some selected markets including the best strategy and vision which might foster the
introduction of such innovative syem.

7.2.5 Automated Pods Operation

Besides the Moving Block and Virtual Coupling, the CU running prediction used in the POMS for
generating updated Operational Plans needs to consider the specific running behaviour of the CU
in relation to the automatic opeation of the CU.

Automatic Train Operation (ATO) is a method of operatiaimms automatically where the driver

is nd required or required for supervision at most . In the context of train control technology, ATO
represents a subsystem, which performs automated functions like planned stops, speed
adjustments, door openings and closings, usually performed manually lolyittee. Since the Pods
assigned to CU running as a single vehicle or in a Convoy will not be controlled by drivers, an
Automatic Pods Operation (APO) is to be defined an implemented accordingly. As in previous
aSOotAz2yas GKS (S Nierpitades dsinge CUYralCentioy af@U. 12 06S A Y

A According to the International Association of Public Transport (UITP), different degrees of
automation, called Grades of Automation (GoA) are defined for the ATO, going up to GoA 4 which
indicates a fully autorméc control of a train without any odboard staff. In the following, a short
explanation of the different GoA is given GoA 0: The train is operatesighii.e., no automation.

A GoA 1: The train is operated manually by a driver who controls starting, istpppperation of
doors and handling of emergencies or sudden diversions.

A GoA 2: The train is operated semitomatically; starting and stopping are automated budraver
still operates the doors manually and drives the train, if required.

A GoA 3: The tria is operating without a driver, but train staff still operates the doors manually and
takes over driving the train in case of emergencies.

A GoA 4: The train is running unattended; starting and stopping as well as operation of the doors are
fully automated

Following the requirement for the Pods system to operate automatically, it is obvious that the GoA
4 is the grade of automation of relevance for the APO.

In more detail, the Grade of Automation 4 for the APO would require
A All operations of GoA 2:

O Acceleating and stopping th€UConvoy

O Supervising

O speed and braking when exceeding speed limits (similar to Automated Train Protection
for trains)

O DeterminingtheClk / 2 y @2@ Qa LR aAlGA2Yy 2y GKS {GNI O]
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O Transmitting data from th€UConvoy to a wayside monitoringstem and requesting
authorization for the route
A All operations of GoA 3:
O System monitors all platform elements
O System stops th€UConvoy if there are obstructions which are partially or fully on track
O System protects crews at a track level
System opensral closes doors of thEUattached to theCU(s)
System determines if it is safe to depart tG&/Convoy from a station
Systems performs setésts
System detects emergency situations
System can take th€UConvoy in and out of the depot

v v > D

The core conceptdaand specification work for the ATO up to today was performed in previous
public funded projects in the context of national funding programmes and also the Shift2Rall
programme. A number of relevant deliverables are to be noted specifically in this tontex

Shift2Rail, Innovation Programme (IP) 2, Technical Demonstrator TD 2.2 ATO up to GoA 4
(unattended operation for trains).

X2Rail (2015) Starup activities for Advanced Signalling and Automation Systems:
A WP 4: ATO over ETCS
A This WP addressed the Amtatic Train Operation over ETCS (European Train Control System). It
started from the current experience in urban applications and some existing main line applications
in order to address all the market segments of Main Lines (High Speed Line, Low &gitiitzR
Lines, Urban/Suburban, Freight) and to extend these applications from fenced systems (urban rail)
to open systems (single EU Railway Area). The work focussed on GoA 2 starting from inputs from
TenT 3rd call (ATO over ETCRechnical Interoperabiyy Requirement for GoA 2). The operation
concepts were updated according to the results of the European NGTC project and existing
standard IEC 62290. A feasibility study and preliminary design were delivered for GoA 3 and GoA
4 solutions (incl. IEC 6226
O D4.1(X2Raill-D4.1, 202Q)ATO over ET@SG0A 2 Specification; this document contains the
ATO over ETCS GoA 2 specifications which were used for the Reference Test Bench and the
Pilot Tests developed and demonstratedXi2Rail Work Package 4.

D4.3(X2Raill-D4.3, 2019) AoE_GoA 3_4_Preliminary_Specification; includes the System Requirements
Specification for ATO GoA 3_4. In this document the different sections are focussiegaiption of the
different operational contexts, related actors, logical architecture with its main logical components and
their interfaces, functions or roles performed by the actors and the logical compond@tsnd the data
exchanged through thegical interfaces.
X2Ra#4(2019)Advanced signalling and automation syste@ompletion of activities for enhanced
automation systems, train tegrity, traffic management evolution and smart object controliers

A WP 3: ATO up to GoA 4 Specification
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O The specification was performed in two steps associated with two separate activities, GOA
2 specification (quick win) and GoA 3/4 specification (priemy and built upon GoA 2).
The resulting specification documents were submitted to the ERA.

T D3.1 GoA 2 Specificati¢f2Raid-D3.1, 2022)
WP 4: Development of prototypes; not directly relevant for the Pod Systems concept.
WPS5: Testing of prototypes; not directly relevant for the Pod Systems concept. However,
the preliminary version of the GoA 3/4 Specification provided in WP 3 was updated with
the experiences gathered from development and testing of the prototypes to build th
first release version of it.

1 D5.1 GoA 3/4 Specification v1.gXRRai4-D5.1, 2023)

O« O«

Shift2Rail, Innovation Programme (IP) 5 Technologies for Sustainable & Attractive European Rail
Freight; TD 53 Operation:

SMART (2015): Smart Automation of Rail Transport: The SMART project focussed on
development of a prototype of an autonomous obstacle detection system, and -imeal
marshalling yard management system. Relevant deliverable€ESMART, 2015)

A D1.1 Obstacle Detection System Requirements Specification

A DA4.1 Overall framework architecture and list of requirements
A D5.3 Algorithms for modelling and real time optimization of marshalling process
A D6.1 Architectural degn of the information system for supervision

SMART2 (2019dvanced integrated obstacle and track intrusion detection system for smart automation

of rail transport:The project built on top of the results of the project SMARTadvancement, innovation

and implementation of SMART2 dward longrange aHweather obstacle detection (OD) and

track intrusion detection (TID) system. Two new systems were researched and developed:
advanced SMART?2 trackside (TS) /airborne OD& TID system. All three systemdegeaéeth

into a holistic OD& TDI system via interfaces to central Decision Support System (DSS). Relevant
deliverablefSMARTZ2, 2019)

A D1.1 Freight specific use cases for obstacle detection and track intrusion systems
A D1.2 Analsis of requirements and definition of specifications for obst detection & track intrusion

Shift2Rail, Innovation Programme (IP) X Complementary Projects:

TAURO (2020T:echnologies for the AUtonomous Rail Operatibhis project identified, analysed
and finally proposed suitable founding technologies for the future European automated and
autonomous rail transport to be further developed, céad and deployed through the activities
LI FYYSR F2NJ GKS 9dzNRPLISIY tFNIYSNARAKALI F2NJ ¢ NIy
partners have broken the work down into four technical WPs that each deal with separate system
elements contributinga the goal of the project. These four areas of work are:

A Environment perception for automation
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A Remote driving and command
A Automatic status monitoring and diagnostic for autonomous trains
A Technologies supporting migration to ATO over ETCS

Relgvant deliverdes(TAURO, 2020)
A D1.1- Specification and Design of a Common Database for Rail Al Training and Testing
A D1.3- Digital maps for new train location technologies
A D1.5- Requirement specification for indoor environment perceptgystems
A D2.1- Specification of the Remote Driving and Command

Nationally funded project safe.trAfSAFEHRAIN, 2022)Germany: Development of Alnabled
Automated Trains : This projeaimed to lay the foundations for theate use of Al for driverless
rail vehicles and thus address the greatest technological challenge for the introduction of
driverless regional transport.
A WP 3: Safety Architecture for-Bhsed Functions in GoA 4 Operation
A This WP covered the development of tegrated basis for requirements and architecture as well
as overall system implementation (system under test) and the safety case for-ieséd object
detection of a driverless regional train. It was subdivided into 4 topic areas:
O Requirements
1 Basedon results from WP 1 and findings from research projects at the national
level (e.g., AT®Risk, ATESense) and at the European level (e.g., X2Rail, TAURO),
the requirements to be met by a driverless regional train with abased object
detection systemwill be collected, prioritized, and integrated into an overall
structure. This will be supplemented by the definition of the operational design
domain, in which the environmental conditions (operational, climatic and weather
related constraints), includiniipe persons, obstacles and systems interacting with
the system, are recorded.
O Architecture
1 Based on the defined requirements, an architecture for a "driverless regional train"
was drawn up for the object detection system, the sensor fusion and the sensor
system, in which the interfaces between the functions were defined at all 4
architecture levels and the RAMS requirements (reliability, availability,
maintainability and safety) as well as NFRs {fumttional requirements) were
taken into consideration.
O Implementation
T In the third subarea of WP3, the overall system was implemented and integrated
as a software solution. The ML functions/models provided for in the architecture
were implemented here. These formed the basis for the methods and metrics
devebped in WP 2 for investigating the trustworthiness and validation. In addition,
a hardware demonstrator was developed and tested for the sensor system.
O Safety case procedure
1 The final subarea covered the development of a concept for a safety case for a
driverless regional train with an Ahsed object detection system, combining the
results of the upstream activitiga the area of requirements, architecture and
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metrics. The structure of the safety case served as the basis for evaluation in the
virtual testenvironment (WP 4) and subsequent assessment.

The work on the Automated Train Operation topic is continued in the currerR&lProgramme

in the Flagship Area 2 (Digital & Automated up to Autonomous Train Operations) within the Project
R2DATO, WP 4 t@-and others. The FA 2 projects are cooperating wittwlUA t Q&4 {@ad Sy i
sector involvement aiming on ElHarmonized specifications which will be relevant for the FA 7
projects developing the Pod system.

7.2.6 Moving Block signalling system

In section7.2.4, the current status of conceptual work for Virtual Coupling (VC) was shown and
introduced with respect to applying it to the Pods operations. The CU running in a Convoy are
automatically synchronizing and aligning their braking activities while miaing safe braking
distances between them. However, Convoys of CU or single CU running on the track sections of a
railway network are to be protected by signalling systems in a classical manner with respect to the
European Traffic Management and Train €on System (ERTMS/ETCS). The ERTMS/ETCS
specifications have become part of, or are referred to, the TSI for (railway) caeimohand
systems. As such, they form part of the European legislation and are managed by the European
Union Agency for RailwaysRE), see also ERA LibréERTMS, 2024)

In the ERTMS/ETCS LEVELS factsheet#2 issued by the ERTMS project in 2024, we find the following
explanation:

Currently, there are four ERTMS/ETCS levels (LO, LNTC, L1 and L2). réhé¢ BRFEMS/ETCS
application levels are a way to express the possible operating relationships between track and
train. Level definitions are related to the trackside equipment used, to the way trackside
information reaches the otvoard units, and to whictuhctions are processed in the trackside and

in the onboard equipment respectively. Different levels have been defined to allow each
individual railway administration to select the appropriate ERTMS/ETCS application trackside,
according to their strategiedo their trackside infrastructure and to the required performance.
Furthermore, the different application levels permit the interfacing of individual signalling
aeadsSvyaz FyR GNIXYAy O2y(iNRt aeaidSvya (2 9esta{ k9
of ETCS as a train control system, ranging from track to train communications (Level 1) to
continuous communications between the train and the Radio Block Centre (Level 2). Level 2 fixed
unit / moving block, formerly Level 3 which has been merged iet@lL2 with the CCS TSI 2023,
SYKFIyoSa 9¢/{Q LRGSY(lAlIfd ¢KAA SyKFIyOSYSyid N
eliminating trackside equipment for train detection, and efficiency gains through heightened
automation. ERTMS/ETCS Level O is usexpfmation on norequipped (unfitted) lines or on lines
equipped with train control system(s), but operation under their supervision is currently not
possible. In ERTMS/ETCS Level NTC train equipped with ERTMS/ETCS operates on a line equipped
with a natiort f & &(BERTKY, 2024)
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Ly GKS t2R& adeaidsSy O02y0SEGET GKS GSNY WiNIAYyQ
virtually coupledCUfor the Pods. In principle, the Pods system can operate with any-blasgd
signalling system. However, a maximum efficiency of the Pods system is expected when using
moving blocks as e.g., ERTMS/ETCS Level 2 moving biestkad of fixed blocks.

Important conceptual work on the moving block operations topic has bgeriormed inthe
recent years in the Shift2Rail programme contéigure55 shows the overall flow of the work
GAGKAY { KAFOHuHwl Af QHED2.3 MavikgyBlodhltHe projesty XARE (WH 5§, 2 NJ
X2Rai3 (WP 4) and X2R&il(WP 4)

Defines the
behaviour of
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Figure55: Overview of TD2.3 Moving Block in X2RAjIX2Ra#3 and X2Raib (X2RaH5-D4.1,
2022)

In the X2Raib deliverableD4.1 Part 1 IntroductiofX2Raib-D4.1,2022) an overview is given
about the work in the three projects X2RajlX2RaiB and X2Rab.

The work in X2Rai resulted in specifications of

System Definition

System Requirements (including the concepts of Train Location, Track Status and R8&ens
Operational Rules

Engineering Rules

A a Preliminary Hazard Analysis

-

for the ETCS Level 2 moving block (former Level 3) system, relative to an ETCS Level 2 fixed block
system.

The work on the Moving Block topic is continued in the currenrRaUProgramme in the Flagship

Area 2 (Digital & Automated up to Autonomous Train Operations) within the Project R2DATO, WPs
13 to 16.
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7.2.7 Freight specific approaches
7.2.7.1 Selfdriving freight waggons

In the following, two examples of innovations for providing futugented solutions for
specifically rail freight operations will be introduced and discussed.

The first autonomously driving freight wagon was realised in 2003 with the CargoMover. This idea
of autonomous freight wagons has been picked up by creativeé-gf@ such as e.gRarallel
Systemsn the U.S(Parallel Systems, 2023)he suggested autonomous rail freight wagons carry

a standard container whereas the wagon itself is equipped with battery storage, electric motors,
andsensors for autonomous driving. The concept by Parallel Systems is at its second prototyping
stage also implementing a first solution to dynamic virtual splitting and coupling to form platoons
in later operations. A comparison with other systems can badon Pods4Rail D2.2, 2024.

The major issues regarding this approach are
A The quality of obstacle detection is questionable because of the technical approach, all sensors

will have to be placed under the freight load (container) leading to significatrtat&sns in
environment supervision.

Reliability at all weather conditions.

Currently, no multimodality is foreseen.

Massive number of charge/discharge cyaesld impede vehicle operation and availability.
For the time being, the CAPEX and OPEX areeatbambe highly unattractive in relation to the
gained advantages.

> > > >

Another concept in this area used by the Nevomo features agRail BoostefNEVOMO, 2023)

which is based on retrofitted rolling stock for freight combinedwalectromagnetic propulsion

using a linear motor that enables independent movement without a locomotive. In 2023, tests of
such a system started on a conventional railway track section in Nowa Sarzyna (Poland). The
modified wagons are expected to operaaatonomously, either iplatoons or individually. They

also will feature automated splitting and joining with wagons. The wagons will be able to make
use of existing train protection technology to ensure safe operations

The capability for fully autonomougperation is currently not described. Also, in this case, multi
modality is not considered. CAPEX and OPEX can be seen as reasonable since the concept is rather
based on retrofitting of existing than on investing in new vehicles. However, the linear motor
based propulsion may be an issue hindering the introduction of such a system in larger scales.

These and similar existing or new activities will need to be observed in the next years to ensure a
best outcome for overall Pods operations management.
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7.2.7.2 Physical Internet

Another area of innovation in freight rail operations is the Physical InternetA&iprding to
(Montreuil, 2012) the concept of the Pl in logistics refers to an open global logistics system
founded on physil, digital, and operational interconnectivity, through encapsulation, interfaces
FYR LINRP(G202fad ¢KS 2@0SNIftf ARSI A& (G2 NBOSNAES
logistic systems by replacing current logistical models. This different apipr@ould lead to an
increase of global logistic performance. It is based on applying concepts from inbersed

data transfer to the logistics processes. This primarily considers the abstraction of the Internet
packetbased transfer featuring the procgisg by different systems and through various
networks because of a standardized packet definition and separation between the content and
the control related parts of a packet. Applied to logistical networks, this would involve
encapsulating freight in smia ecofriendly and modular containers of different sizes and types.
These modular and composite containerscpontainer3 would be continuously monitored and
routed, exploiting their digital interconnection through the Internet of Things (IoT).

The concept also foresees to make use of globally unique IDs and tags for the containers
contributes to identification integrity, routing, conditioning, monitoring, traceability and security
through the PI.

A number of national and international public funded project activities in relation to the Pl have
been performed in the last years to assess different options glémentations with different
focuses. Some of them addressed the area of collaborative planning of flexible logistic chains,
some other were consideringad-basedtransportation only since the highest gains of efficiency
are expected for theoad-basedtransportation. The implementation of a Re8aésed Physical
Internet (RBPI) involving a limited scope of modifications of existing vehicles is expected to
become reality until 2030.

Since 2015, the research Alliance for Logistics Innovation through Gali@non EuropgALICE,
2015)is working on implementing the foadmap which is seen an important element towards
CQemission reduction targets of the EU.

7.2.8 Operational description of the transshipment process

For a safe andeamless deployment of the Pod system and the handling of the CU and TU, there
is a need for standardised information about the transfer process and definitions. Information like
when does the transshipment process start and end, is crucial for a smpetlation within the
transport system. Also, it is relevant to define the separate steps of the transshipment process, to
coordinate the interactions between CU, TU and HS and their interfaces smoothly. This chapter is
introducing a stegoy-step process desiption and definition of relevant process elements. This
should only be a draft, that can be improved in following tasks.
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Description of the transshipment area and CU types:

The HS is made to load and unload TU from CU on different transport moddxsydhat making

the supermodal transport system possible. This requires the definition of the relevant CU types
and operational areas of the HS. To understand how the transshipment area could look like and
how the HS operates during the loading and uniogdprocess,Table 48 introduces some
definitions, that could be used for further developments. For signalling and safety measures, each
CU type has a specific ID, to give information about its type, size and available intekfaoethe

TU have a specific ID to inform about their type, size, interfaces and the load that is carried.

Table48: Description of the transshipment area and CU types

Term Short | Description

Supply Carrier Unit | SC CU, that delives a TU (full CU)

Receiving Carrier Unit RC | CU, that receives a TU (empty CU)

Transshipment Area | TA Area within range of HS with specific safety measures

Supply Zone SZ Area within range of HS to unload the Supply CU.
Receiving Zone Rz Area within rage of HS to load the Receiving CU.
Handling Zone HZ Operation and movement area dedicated to the HS.

Area to store unuse@€Uand TU It can be within the range of the H!

Storage Area SA
or a separate system can be used.

The transshipment area is theedicated area inside the transport system, where the
transshipment process can take place. This area differs to the rest of the transport system in that
case, that CU can arrive and depart for the purpose of loading and unloading. In the transshipment
area, specific safety measures can be applied due to the existence of the HS as well as the potential
movement of passengerbigure56 shows a schematic top view of the transshipment area and its
relevant sub zones.
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A Transshipment Area

Operating route of
the Supply Carrier

Operating route of
the Receiving Carrier

Storage Area

Figure56: Schematic view of the Transshipment Area

Description of the transshipment process phases and steps:

Table 4%hows a possible chain of actions that can be followed withirtrdmesshipment process.

The first phase (ep 1a- 6a) is describing the arrival and positioning of the supplying CU. It is used
to position the CU correctly and to identify the type of TU and load that will be transferred. As a
result, the supplying CU is ready to unload. The second phase (stegh) is the arrival and
positioning of the receiving CU. As a result, the receiving CU is ready to load. In the third phase
(step 7- 11), the HS can unload the TU from the supplying CU. The fourth phase (stég)lg
loading the TU to the receivif@U. The last phase (step 159) is to return the HS to its standby
position and to release both CU. The system is then ready for the next cycle.
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Table49: Description of the transshipment process steps

Phas¢ Step|Description d Step (Sltitz g'fi \Z?U(\)niynot -
la [Supply CU is entering the transfer zone (= start of process) CU: 1- Handling System: 0
2a [Supply CU has stopped in right position CU: 1- Handling System: 0
3a [Supply CU has been identifi€flype and ID of CU) CU: 1- Handling System: 0
1 4a [TU has been identified (Type and ID of TU) CU: 1- Handling System: 0
Load has been identified (Indicators: Type of load, weight, weight .
oa distribution, priority for tra(nsfer) P ° T leur Handling Systend
6a [Supply CU is ready to unload (= successfully unlocked TU) CU: 1- Handling System: 0
1b |Receiving CU is entering the transfer zone CU: 1- Handling System: 0
5 2b [Receiving CU has stopped in right position CU: 1- Handling System: 0
3b |Receivig CU has been identified (Type and ID of CU) CU: 1- Handling System: 0
4b [Receiving CU is ready to load (coupling mechanism opened) CU: 1- Handling System: 0
7 [Handling System has adapted to TU CU: 0- Handling System: 1
8 |[Handling System is concting to TU CU: 0 Handling System: 1
3 9 [Handling System successfully connected to TU CU: 0- Handling System: 1
10 |Handling System is unloading TU CU: 0 Handling System: 1
11 Handling System successfully unloaded TU CU: 0- Handling System: 1
12 |Handling System is loading TU CU: 0 Handling System: 1
4 13 |CU successfully locked TU (mechanical coupfinglectric coupling) [CU: 1- Handling System: 0O
14 Handling System successfully loaded TU CU: 0- Handling System: 1
15 |Handling System imoving back to waiting position CU: 0 Handling System: 1
16 [Handling System successfully moved back to waiting position CU: 0- Handling System: 1
5 17 [Supply CU may leave transfer zone CU: 1- Handling System: 0
18 |Receiving CU may leave transfene CU: 1- Handling System: O
19 Handling System is ready for next transshipment (= end of ProcesqCU: 0- Handling System: 1

Each phase is shown here as chronological actions. Depending on the safety concept of the
transshipment, it could also be psible to allow parallel actions (e.g. parallel movement of all CU
and the HS). How each element is allowed to move depends also on the operating system and the
installed control mechanisms. These details cannot be discussed here. Since the Pod system will
have a high degree of automation it would be recommended to allow parallel movements for
better efficiency of the system. These aspects are recommended to discuss in future
developments.

Signalling during transshipment

During the transshipment processyery system element (i.e., Supply CU, Receiving CU, HS, TU) is
indicating the process status with specific signals. Those signals will be used for example to indicate
GKS adFrdS aNBIFIRe (G2 dzyt 2l Ré¢ o0& (KS medhaisineg A y 3
is opened and the HS is allowed to connect to the TU. The way of how signals will be transferred
and processed is not part of this task.
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TU-ID: TU1
Load: Passenger
7 e _ID:
= Carrier-ID: RC123 Priority: High sgfulsl-)' ;'f;d"’fm Carrier-ID; RC321
g Status: ,Ready to unload TU-ID: TU2 unload TU1® Status: ,Ready to load
Load: Cargo
Priority: Low
5 Carrier-ID TU-ID HS-ID Carrier-ID
ﬁ (Type, size, interfaces) (Type, size, interfaces) (Type, interfaces) (Type, size, interfaces)
£ & &
S Load information Load information Status information Load information
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Figure57: Example of signal information and status reports of relevant systeleneents during
the transshipment process

In the example shown iRigure57, the Supply CU is loaded with two TU, one of them with a higher
priority. The Supply CU sends its ID and the information that it is fully loaded. Adtenthect
LI2aA0A2yAy3a AYyaARS GKS { dzLJL) & %2 V&soksénd thry Ra (i
ID with load information and priority status. After the Receiving CU arrived in the Receiving Zone,

its CUID together with the information, that 2lots are still available are being sent. After the
WSOSAGAY3A /! LINBLINBR F2NJ f2FRAYy3I>X AG aSyRa
aA3dyrfays RIFLGA (G2 GKS AYGSNFFOSa 2F ¢!wm |FyR
transshipmentprocess can be done.

7.2.9 Integration of operational and mobility information

The Mobility Management System as the traveller facing part of the system, retrieves operational
information from the TMS to mainly enable its journey planning functionality. ltemaise of the
timetable information, the reatime information including operational shertotice changes and
incident information from the TMS. The PIS may also contain its own incident management
functionality to edit the incident information from the TMto be more traveller friendly and to

add incident information from outside the scope of the TMS which still impact the travel
experience of the travellers. All this information is used to respond to journey planning requests
from travellers and to keepavellers informed during their trips.

In addition to the PIS, the Mobility Management System provides a Booking & Ticketing system
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which enables travellers to purchase tickets to be eligible to go on the planned trips. Booking &
Ticketing enable the Pt8 include the ticket information as offers during the journey planning to
provide travellers wittappropriateinformation for the proposed trips. Furthermore, the traveller
may choose to pay the ticket up front before going on the trip or the travelleoshs to use the

XiXo functionality. XiXo (ChetkCheckOut, Checkn Assisted BOut, or Beln BeOut) describes
various models of at least partially automated recognition of the itinerary of the traveller as they
go on their trips. After agreeing to ithticketing model, the traveller will be charged after their
trips with the optimal tickets for their trips in a defined past time window. For the trip recognition,
the XiXo requires the Journey Planning functionality of the PIS to reconstruct thettrippgged

trip meta information such as regular position data of the traveller.

- e e e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e

/ Mobility Management System

Passenger Information
System (PIS)

Booking & Ticketing

Additional editorial past itineraries of post-paid trips
traveller information
regarding incidents
available tickets for pre-paid trips

e e e e e T T e e e e T T T e e N N e N P N o o

timetable, real-time including
incident information

e mm Em Em Em Em Em Em Em EE o Em Em EE EE EE EE EE EE EE MR M M Em N EE EE EE EE MR M EE Em Em EE Em EE EE M M M Em Em Em Em EE Em Em Em Em Em Em Em

Figure58: Processes Mobility Management System

The described processes already work in the public transport domain. Pods may be included in the
information that the PIS receives from the TMS in regards to timetableitireal and incident
information. The Journey Planning functionality may consider Pods to be a kind of demand
responsive transport (DRT) which also already exist in the public treirpmain. There may be
potential to improve the modelling of exchanges@ilin the journey planning to better reflect

the Pods operation in practice with Pod specific requirements and information. The incident
management functionality of the PIS may takévantage of the existing support through the
Journey Planning and could be further extended to enable more Pod specific traveller information.
If the Pod system is operad entirely by one operator, then the booking & ticketing processes
benefits from the reduction of complexity. The catalogue of tickets may make use of the
GSEOKISEISE yI GdzNB Ay 6KAOK (GKS GNI @Sttt SNE NBY
come up with new ticket options. XiXo could take even more advantage of the lowargdecaty
regarding the trip reconstructions for the pepayment because current ambiguities mainly
during exchanges would not occur.
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8 Conclusions

Building on the previous worlchapter 5discusses the basic design for passenger and freight
transport. Based on the UC considerations, a 5 ft, 10 ft and 20 ft passenger unit and a 1@ and

ft cargo unit seem to be the best possible standard TU sizes for the Pod system. The 5 ft TU is
mainly used for special requirements, such as access and exit atentiomal platform. 10 ft and

20 ft for freight transport arise from existing container solutions in road and sea freight transport.

The loading capacity on the train CU can be limited to 25 ft, meanwhile a@®dambuld load up

to 10 ft, with several optins for arranging different TU. A combined transport of freight and
passenger on a train CU is also possible. The TU can be characterized by a safe and reliable design,
with the HVAC system being the main energy consumer in a TU. All results from chaptdreb

further developed in detail in the following WP 8 and technical reviews will be carried out.

In chapter § the required interfaces of a TU to all peripheral systems were analysed and
elaborated. Four relevant interfaces were defined for this pwgaorU to CU / HS / TU / Storage
System. These interfaces have a decisive influence on the overall concept and packaging as well as
the operating system due to unique handling processes and component assemblies. Based on
given requirements and new analysigrious types of interface solutions were evaluated and
systematically assessed.

It was found out, that the transshipment process can be grouped into four different scenarios,
covered by different expected technologies. In order to use a HS thattsrakasdised as possible
despite these different scenarios and requirements, it is recommended to only place down a TU
on the ground for special applications (e.g. RRahsport) and only in road applications. The TU
could then carry an integrated liftingeshanism. For transshipping a TU between rail, road and
other domains, as well as the storage system, two different types of interfaces are suggested. On
the one hand fork pockets, whereby the HS (equipped with scalable forks) could load the TU and
on the other hand via corner castings in the roof area. It was found out that a transfer between
rail and road should only take place in stations and not on the open track, so that the complexity
of the system might be minimised and a solution compatible witlsteg HS can be created.
Nevertheless, if flexible nestation-based transshipment should be done, other solutions like
direct transshipmentfrom CU to CU are feasibl&/ithin this task only technical aspects were
analysedtherefore, it is highly suggedido assess passenger acceptance for the chosen solutions
of this proposal.

The corner castings and twistlock solution used in the roof can also be used in the floor structure
to mechanically fix the TU to the CU. This enables compatibility with existigit containers.

While the TU only has to provide the corner castings, the CU (development in WP 14) is suggested
to provide the fully automatic twistlocks. These should be retractable and only raised and
activated when required. A possible twistlocktigrn was calculated for this purpose in this task.

This shows that the distances between the individual TU deviate to a limited extent. However, the
twistlocks don’t have to be movable, regardless of the configuration, and the smallest possible
number oftwistlocks can be provided. The distance between two TU could lay between 25 mm
and 40 mm. Although a mechanical connection between a TU and another is not expected to be
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necessary, a rubber lip should be provided to close the space and also to guaaatigee and
secure transition between twdU.

No clear optimum solution for the electrical connection was found in this WP. For the following
concept development, the combination of charging connectors and HVIL connectors was expected
to achieve a highaverage of applications, also in accordance with the defined energy balance
parameters from chapter 5. The signal transmission for the Pods4Rail concept should be wireless
according to the evaluation results. This type of connection is also suggesteteforldTU
interface, as no electrical energy needs to be exchanged there, only data and signals.

The proposed Pods operation system concept, developathapter 7, is based on the UC and
high-level requirements defined in WP 4 and addresses essentiamysibdules and operational
processes required for operating the Pods. These comprise the areas of interfaces, traffic
coordination for theCU TUCUand network management. It is shown how the operational
modules and processes could be working in the oveystem including the necessary information
exchanges to ensure smooth operations also considering aspects of safety critical situations. TSO
related needs with regard tdU management and especially associated logistics netwsed by

freight TSO, harbeen addressed by the need for active participation of the TSO in the operational
planning and management process. The Pods coordination and network management is focussing
on rail since it involves more complex operational, technical and organizatspaicts to be
considered than other modes like wateays orroad.

It is expected that other ongoing project activities related to new transport systems will need to

be further monitored to support a fast and efficient prototyping of the operational ctunestits
for the future Pods network operations.
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Appendices

Handling System evaluation process (see chape?)

FA7

Relevant criteria are being derived based on the functional requirements, given in Table Al. The
weighting rating is given in percent. It is used as a multiplication factor for the evaluation results.

Table A: Evaluation criteria for evaluation process

: o \Weighting of criteria
Evaluation criteria for : L 2
. Explanation (Multiplication-
Handling Systems
Factor)
Independent of stations or statichased (fixed
Mobility freedom stations = 1, "flexible statiofe.g. forklift) = 2, 14%
usable everywhere = 5)
Complexity of CU Part numbers, lightweight construction, costs, ¢ 6%
Complexity of TU Part numbers, lightweight construction, costs, ¢ 6%
Complexity of the HS |Automation, costs, feasibility 10%
Desian Freedom of E.g. Is a separate lane required? Does a safet)
9 area need to be set up? Can the area be used 13%
environment .
other purposes at the same time?
Scalability Are different TU sizes/loads covered? 18%
Efficiency SeverarrUcan be h.andld simultaneously; 17%
duration of transshipment
Lowfloor ability Easy accessibility for passengers, freight 8%
How can the TU be moved with this HS?
Freedom of movement -~ o
. Possibility to turn, possibility to overcome long 10%
of the TU with HS : . :
distances or Igh altitudes.

Table A2: Rating of evaluation criteria for the Handling System evaluation. Each criterion in one
column is compared to the criteria in one line. If the criteria in one column is more important than
the criteria in the according linewtill receive the number 2 (less importance = 0; same importance

= 1). Green fields are filled out by the team members, grey fields are filled out automatic.
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Table R: Pairwise comparison of the Handling System evaluation aréde

Figure A: Examples of Clihtegrated entry systems as possible solutions for overcoming the
distance from loading height/ entry height towards the ground to reach easy accessibility
(picture sources from manufacturers)
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