—_—

cCoNNOCTA

Vincent Mayeux, Alstom

CONNECTA has received funding from the European Union’s Horizon 2020 research and innovation programme under agreement
No: 730539. Safe4RAIL has received funding from the Shift2Rail Joint Undertaking under grant agreement No: 730830. This Joint
Undertaking receives support from the European Union’s Horizon 2020 research and innovation programme.

Safe4RAIL — SAFE architecture for Robust distributed Application Integration in roLling stock (730830)

CONNECTA — CONtributing to Shift2Rail's NExt generation of high Capable and safe TCMS and brAkes (730539)



Gi<HIL

* Allows to couple heterogeneous units functionally regardless
of:

— type of consists: train can be operated with units of different type, e.g.
2 car unit coupled with a 4-car unit and 3-car unit

— version of consists providing upward compatibility between fleet
— manufacturer consists providing interoperability

* Through a set of functional interfaces and physical topology
description
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Source: Youtube Railsimu https://www.youtube.com/watch?v=yQvbYcFYcGs
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In most of the cases, a consist can only be coupled to Heterogeneous consists will be able to couple.
another one it was specifically designed for

Operators do not have sufficient flexibility in the fleet  Operator will be able to manage their fleet with
greater flexibility (e.g. in case of maintenance)

Consists that have a diversity (type of traction techno, Diversity and options are managed
options) cannot be coupled together

New software version often impose to recertify the New and existing fleets will be able to couple without
existing fleet for multiple unit operation with new recertification costs on the existing fleet
fleet
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* Use cases
* Communication concept & data exchanges
* Example

* Next steps and conclusion

=ML
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FOC - Example of Use

-

= Passenger Access Door number X (for TCMS) {:} Supports a TCMS ON Lighting Command G Cabin in service
‘ Orientation of the consist {} Supports a TCMS Partially ON Lighting Command

o® Motor bogie * Supports a TCMS OFF Lighting Command

&o Trail

e raler bogie o’—‘o Supports a TCMS "Traction Unit Fire Detection” Status
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Sale RAIL

Definition of core and option
functions

ConsistPropertiA

VehicleProperties

Signal requirements
U nam biguous functional definition
Related HMI requirements

ADD-ONS OptionX|sActive Required SIL
Variable type
AddonYlsPresent Default values (Towing/Pushing, Safe
fal Iback)
TTDB
FOC Profile
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FOC
Standard

/

1 SET OF
CORE REQUIREMENTS

N OPTIONS
(SETS OF OPTIONAL
REQUIREMENTS)

AN

ADD-ONS

Requirements in bold red are mandatory.

ConsistProperties

VehicleProperties

TTDB

ConsistProperties
VehicleProperties

OptionXIsActive

TTDB

ConsistProperties
VehicleProperties
OptionXIsActive

AddonYlisPresent

TTDB

\¢

FOC Profile

FOC Profile

(

FOC Profile

Signal requirements
Unambiguous functional definition
Related HMI requirements
Required SIL
Variable type
Default values (Towing/Pushing, Safe
fallback)

Signal requirements
Unambiguous functional definition
Related HMI requirements
Required SIL
Variable type
Default values (Towing/Pushing, Safe
fallback)

Signal requirements
Unambiguous functional definition
Related HMI requirements
Required SIL
Variable type
Default values (Towing/Pushing, Safe
fallback)
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Repartition of applicable FOC Repartition of core/option add-on
functions from EN15380-4 lev.3

Ly

‘\, Local /
Not applicable;functions; 455;

148; 19% 58%

¥ Local Functions  * Not applicable ™ Applicable * Core ¥ Option ™ Add-On
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* aset of organic information aimed at
being shared by the consists using the
FOC included in the TTDB

Profile Methodology
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VehicleProperties ConsistProperties

* aset of signals to be exchanged called “FOC profile” taking into consideration Application

Flow property

TrnSide :

ckedTrnSide [1]

Name : Type [Multiplicity]

StatusCstAllExtDrsClosedAndLo

Attributes
Name : Type [Multiplicity]

statusAllCstExiDrsClasedLocked < allCstDrsClosedAndLocked : TrainSideKind [1]

Status which consist doors are closed and locked based on frain
side. All consist doors on the given train side are closed and
locked

* none - No side of the train.

e left - Only the left side of the train.

¢ right - Only the left side of the train.

» both - Both sides (left and right) of the train.

Leading

Guided

out

Classif
ication

core

\
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Train level

Leading consist

Guided consist

Functional Scope n Train Level Application unctional Scope n Train Level Application i
. I
[active] [inactive] ]

Functional Open Coupling Profile (n)

Consist level

Subsystem level

Functional Scope n Consist Level
Application
APp. Profile (n ADp. Profile (n
Subsystem Subsystem
Application S Application
Instance 1 Instance k

Functional Scope n Consist Level
Application

A App. Profile (n) ~ App. Profile (n)

Subsystem
Application
Instance k

Subsystem
Application
Instance 1

CONNECTA — CONtributing to Shift2Rail's NExt generation of high Capable and safe TCMS and brAkes (730539)




SaredRAIL

Data exchanqges

ibd [System Context] Train Context[ Train Context - Door control |
train : Train [1]
th
leadingCst : Operational Consist [1] guidedCst : Operational Consist [0.]
th th
tems : TCMS [1] ] [ toms : TCMS [1] |
. drwerF[1]|  driverF[0.2] - - " th foc: FOC F th
| w—m—[j—[]—ﬁ temsTrnCtrl : Train Level Control [0.4] -
i aud 0|
| temsCstCtri: Consist Level Control M r ._'—_l temsCstCtrl : Consist Level Control [1]
b “] )
;L.Amao L il
8.l [¥).APDo0r [0.]
doorF : APDoor [1.] doorfF : APDoor [1.1]
4:-. | temsF - ~APDoorSystem 1] ! % }—tcmsF : ~APDoarSystem [1]
doorSys : Door System [0.."] | doorSys : Door System [0..]
th th
' — |
T deer[1.2] T door[1.2]
I cr10:1 T door (0.7
rl'l
door [0.7]
pass : Passenger [0."] +I illi:Tuh attendant [0.7] & !
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Sale RAIL

Function Telegram Structure
Initialisation

5 interaction FOC communication initialls ation [ FOC communication inttials ation ]J

| :iu'ding‘m:h.l' ] [:g;lidadlml

| I [\_‘
I I A
i 1: FOC FO Ink Call | - us @ received FOC vers ion for further
\ i - = communication
[ e _ - store received JSON name/value pair
-send own FOC PDstructure as o telegram for interpretation of further
JSON name/value pair telegram e 2 FOC FO Init Reply FOC FD telegrams from leading consist
for calculated highest commen i
FOC version _ - T X
- l n Y
N -~ 3: FOCFD | - send own FOC PD structure as
N —- -
- JSON name/value par telegram for
- s_totormm._lsm namevale .- received FOC vers ion
par telegram for interpretation of - —_—
further FOC FD telegrams from -7 < 4 FOCFD i ¢
leading cons st - T AS
~ = - interpret recew ed telegram based on
T s+ ™ e stored nit telegram
._\. —
- send JSON sorted lst telegram a4 & 2
acc. to sgreed FOC version e . . ' N
- ! ! - send JSON s orted Ist telegram acc
e | ‘ to agreed FOC version
- interpret received telegram
based on stored inkt telegram
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A consist type tested OK with the certified simulator shall operate successfully with any
other consist that has passed the same test.
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* Use cases

* Communication concept & data exchanges
* Examples

* Next steps and conclusion
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Mass+ rotation mgrna atfull speed = 400 tons, M+i 100 tons, Max 100kN M+i 300 tons, Max 250kN
Maximal effort 500kN
2 motor blocks OK 2 motor block OK 3 motor block OK
2 motor blocks Isolated 0 motor block Isolated 1 motor block Isolated

In case an average of consist is made : (50%+100%+75%)/3 = 75%
In case a fraction by motor block counting is made : “7/10 = 70% of perf is available”

In reality (2*125kN+2*50kN+3*62,5kN)/ 850kN = 63% of force is available

Need for specific definition of some interfaces with the right abstraction level
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* Completion of Function Open Coupling regarding DMI visualization
* Design and implementation of Functional Open Coupling protocol

* Definition of a certification strategy and definition of a
conformance/interoperability test

* Definition of test cases, test scenarios, implementation and test
execution

Quite a dense program for Connecta 2!
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* The Functional Open Coupling allows a better flexibility in fleet
management for operators (interoperability)

* A FOC standard is necessary to ensure compliancy:
— Interface signals and their SIL Level
— Physical description and specific abstraction level

* For some functions, due to diversity among consists, a specific level
of abstraction has to be define

* With the cumulative effects of other new technologies such as
Application Profiles, Drive-by-Data and Wireless Coupling, it is
paving the way towards Open Coupling
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