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Digital Freight Train
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train Run Mode
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Train is moving

Train Run Mode

("] KNORR-BREMSE

18.09.2023

4



Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train Run Mode Train Run Mode
Train integrity monitoring  Train integrity monitoring
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train Run Mode

Network based electro-pneumatic braking process
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Train Run Mode

» Network based electro-pneumatic brake
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train Run Mode Train Run Mode

Train has stopped

» Train has stopped
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode
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Change to Shunting Mode
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode
Apply parking brake
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Change to Shunting Mode
» Apply parking brake

("] KNORR-BREMSE

18.09.2023

9



Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode

De-couple
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Change to Shunting Mode

» De-couple
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode

Move forward

Change to Shunting Mode
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode

Train composition detection
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Change to Shunting Mode

» Train composition detection
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode

Automated brake test
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Change to Shunting Mode

* Automated brake test
— Release brakes
— Apply brakes
— Release brakes

("] KNORR-BREMSE

18.09.2023 13



Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Change Train Mode

Single Mode Train Run Mode
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Change to Train Run Mode
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train Run Mode

Move away
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Change to Train Run Mode

* Move away
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Single Mode Single Mode

Shunting locomotive arrives » Shunting locomotive arrives
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode Single Mode
Automatic coupling

» Automatic coupling
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation
Shunting Mode
Train composition detection

Shunting Mode

» Train composition detection

A
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Shunting Mode

Release parking brake

Shunting Mode

@OD * Release parking brake
I
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation
Shunting Mode
Movement in shunting yard

Shunting Mode

* Movement in shunting yard
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Knorr-Bremse — Digital Freight Train

Competitive rail freight transportation requires Digital Freight Train automation

Train
Preparation

faster processing

Maintenance
Services

sustain, enhance, accelerate

Train
Operation

more transportation capacity
dynamic infrastructure utilization

Shunting
& Parking

faster processing

Train Run Mode

 Train integrity monitoring

» Network based electro-pneumatic brake
Shunting Mode

* Apply / release parking brake

» De-coupling

» Train composition detection
incl. train length determination

* Automated brake test

» Change of operation mode

* (Automatic coupling)
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Knorr-Bremse — Digital Freight Train - Fundedbythe &=  FPSTRAN CD4M-

Europe’s Rail Joint Undertaking — TRANS4M-R project content
Train functions — generate added value to the user

O Train function user

Q e Train driver

» Brake test responsible

» Automated train operation (ATO) system,
for example a yard automation system

Overall
Train control functions Interoperability
+  Change of operation mode on vehicle level
«  Automated brake test based on Trai itoring functi
. rain monitoring functions
* De-coupling Digital connectivit %
» Parking brake control 9 y * Train composition detection

* Network based EP-Brake

» Distributed power
(multi-traction for up to 4 loco in a train)

* Power management

oog®

,\ «  Train length determination
*  Train integrity monitoring
» Parking brake / brake monitoring

» Distributed power
(multi-traction for up to 4 loco in a train)

* Power management — battery load monitoring
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Knorr-Bremse — Digital Freight Train

Train functions — pre-requisites

Ui

Step 1

Upgrade

Digital Automatic
Coupler

DAC 4 and DAC 5 development as
interoperability component

Europe’s Rail Joint Undertaking — TRANS4M-R project content

Step 2
Establish

energy supply
system

From locomotives to wagons

400V AC system 2* 1 phase (redundant)
* 3 kW loco power supply
2 * 2 train lines

* Wagon power supply incl.

board battery system 48V DC

Funded by the E_ FPSTRAN D: M

European Union -
Surope’s

Step 3

Implement

train communication
system

Ethernet train backbone acc.
IEC61375 with a new physical interface:
SPE (single pair ethernet)

e 2*2 cables (redundant)
10 Mbit /s
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3. Architecture and interoperability
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Knorr-Bremse — Digital Freight Train

Interoperability — three levels of communication

Level

32 cloud

Operator
Railcar owner
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Supplier :
llll
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Knorr-Bremse — Digital Freight Train

Interoperability — three levels of communication

User interface

Level
1consist
Supplier
Sensor Sensor Sensor Sensor Train
interface interface interface interface functions
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Knorr-Bremse — Digital Freight Train

Interoperability — three levels of communication

TSI

interface interface interface functions

[(((v)] KNORR-BREMSE 18.09.2023 28



Knorr-Bremse — Digital Freight Train

Interoperability — three levels of communication
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B > Sensor Sensor Train

Interrace interface interface functions
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Knorr-Bremse — Digital Freight Train

Interoperability — three levels of communication

32 cloud @

Operator
Railcar owner Uniform data interface

Cloud interface

User interface
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Sensor Ao l Sensor Sensor Train
interface Interface ] interface interface functions
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Surope’s

Knorr-Bremse — Digital Freight Train - pndedbythe &= FPSTRAN'S

Freight rail sector challenges

Freight rail sector

To fulfill political expectations asap

Migration management

» Separate topic; ERJU FP5 can only demonstrate
possibilities for operation and technology

ERJU TRANS4M-R

» Operators - Wagon keepers

» Ralil freight industry: wagon and locomotive integrator, DAC
supplier
— to provide right solutions: fit for purpose
— to enable interoperability

For operation after migration

Reliability management

Maintenance of new equipment

Ensure long term interoperability-instrument to be established:
reference test system
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Knorr-Bremse — Digital Freight Train

B & rrsransane

Surope’s Rail Europe’s Rail Freight

Digital Automatic Coupler (DAC) — Technology enabler of the

Digital Interoperable Freight Train

Mobile devices

User application

Intelligent
automation solution

FreightControl

Train level

Digital Automatic
Coupler (DAC)

FreightLink

Intelligent
automation solution

FreightControl
Car level

Bogie equipment
TreadAct Freight
Remote parking brake

Braking system

KEf valve
Sensor box

Knorr-Bremse Scope

* Pneumatic braking systems
+ Digital Automatic Coupler
» FreightControl

Automated brake test

Train composition detection

incl. train length determination &
train integrity monitoring
De-coupling

Parking brake control

Network based EP-brake

User interface application

* Automated parking brake systems

* Wagon power supply / battery
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