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World: after-sales market volume (EUR million, p.a.)

Segment Current after-sales Future after-sales CAGR 2019-24 (%

market volume 2019  market volume 2024 p.a.)

Trend

Freight wagons 14,800 16.850 2.5% 2
Diesel and alternative 11,200 12,450 21% 2
drive locomotives
High-speed trains 11,100 16,900 8.7% T
Electric multiple units 7.000 8.450 3.9% >
Electric locomotives 5,480 6,400 3.1% y
Metro vehicles 5,170 7.100 6.5% T
Passenger coaches 4,900 5,050 0.7% -
Light rail vehicles 2,800 3,000 1.7% N
Diesel multiple units 1,600 1,600 -0.3%
Total 64,170 77,800 3.9% 2

5-year trend: T= strongly increasing (> +5%p.a.), /

= increasing (+2 to +5% p.a), — = constant (Oto +2% p.a), \ =

decreasing (-2to 0% p.a.), 1 =strongly decreasing (<-2% p.a.)
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Autonomous

inspection

SAFTY improvement
Availability increase
ENERGY saving
COST reduction

Safety Enhance

Machine
leaming

{ Digital
| Railway
vehicle

3D printing

Digital twin

Automation
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03 Al for predictive maintenance

- Performance evaluation of the predictive model
- Predictive maintenance algorithms for maintenance

Maintenance Practices and Applications of Al

DESCRIPTIVE DIAGNOSTICS PREDICTIVE PRESCRIPTIVE AUTONOUMOUS Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0

What Why It What will What Action to How to Manage 2
& Happen? Take? Automatically? Mechanization Mass Computers
Steam and Water Production and
M p I (./ * A Power Automation

Preventive
Maintenance

10T, Al, Cognitive,
Personalization

Predictive
Maintenance

Digital Twin @

Run to Failure

+ 1940: Liberty Ships
* 1920: Griffith Model

+ 1960: Paris Law

* 1970: RCM, CMMS
*+ 1956: Comet Aircraft

* 1957: Rotor Burst

PHM @

CEBM@®
RCM @

CMMS /
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A continuously
learning model
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Source: Readiness & Sustainment Programs, Robert Cranwell, Sandia
1930 1950 1970 2000+

What is the condition of the bearing?

Normal

Abnormal

What is the condition of the bearing?

0
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) Normal (38%)

) Abnormal (62%)

Digital Twin

(a) Round 1: Human-only

(b) Round 2: Al-assistance
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System Configuration

Wheel - Rail Guidance hybrid type

Modular end-effectors

16



03 12 ox= ox182 712
=3l OLXA S 7 [&(Ak 50% X{Z)

2! big HI0|E

ES
A

=
=
ISAAGS SHASH WXl=

-

@ A
A

s
@@@

Smart Monitoring

Smart maintenance process

Smart depot
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Autonomous battery charge

Autonomous shunter

Pedestrian safety on station

Autonomous driving
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