2024

Prof Annie Bekker

Engineering Research Chair

Department of Mechanical and Mechatronic Engineering e Stefan A5 '

([ Stellenbosch

forwa
o)

23 May 2024, Century City



O U t li ne ([ Stellenbosch

IIIIIIIIIIII
IIIIIIIIIIII

ooooooooooooooo
sonke siya phambili
saam vorentoe

2.
Railways of
the future

Gibela engineering
research chair

4. How we use
digital twins




» ALSTOM + UBUMBANO




To build a new passenger rail fleet

600
new Gibela X’trapolis Mega trainsets for %{(&g
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Manufacturing processes using

CUTTING EDGE TECHNOLOGY...
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AT FULL PRODUCTION... g (el

6 2 TRAINS per year
S R ESPTREEE
THE FASTEST PRODUCTION RATE IN THE WORLD



Development of local suppliers =< Stellenbosch
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Start of manufacturing...
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... the first 20

trainsets built in Brazil
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and performance commitments

19 YEARS

across 5 depots

2016-2035
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Electronic tagging of cargo for reliable

tracking and reduced delays .

Intelligent robots unload
and sort cargo

utomatic gauge change

s

Automatic freight trains distribute
freight and goods on the go

Alternative power sources from
hydrogen, nuclear, air propulsion or
magnetic levitation

Flexible interiors that cater for
different passenger needs

Automated passenger trains
optimise running time and reliability

Smart window glazing dims
" automatically to control heat and glare

Heavy Haul V|S|o'h

2030

Railways of the future
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Railways of the future - 2030 e s Stellenbosch
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THE FUTURE

CONNECTED - SERVITIZATION

Boost Better insights over
Product 9
eeeeeeeee d iDRovation operations through
profitability data generat ion
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Better product Increase d customer High
usage and custome isf ion and competitive
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TODAY THE FUTURE

Automatic
elimination of
exposure and risk

Operations and
Safety




Railways of the future - 2030 Sipect Sy

accurate real-time
information will

be key. i Fhrs @ “
Integrated transport apps allow trips to be
chosen according to optimal pricing and
convenience. In the future it will also be
possible to book and pay for journeys across
all modes, providing a seamless journey-
planning tool.

BRANDING AW/ERIISINE
£{ MARKETING

PRODUCT  GROWTH PRODUCT  E-COMMERCE

Customer 1[0 sl |} e
experience ‘

MOBILE SOCIAL
PLANNING ANALYSIS PHONE MEDIA SYNERGY ~ TEAMWORK
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THE FUTURE

Rail operations
Energy & are functional,
not necessarily

environment
measured
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1. Social responsibility
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(S RAILWAY
1D ) saFeTY
REGULATOR

RAIL SAFETY ON THE RIGHT TRACK

LIGHT RAILWAY




2. Short courses for industry Wi Stellenbosch
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WHAT? Create a niche in monitoring applications and asset management technologies
WHO? for the Gibela X’Trapolis Mega trainsets by

HOW? combining sensors, data, models and analytics in digital services

WHY? to deliver operational and decision support



/8

forward together
sonke siya phambili
saam vorentoe

)

Digital twin

i
(

" el |
LBl

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT




Digital twins operate through the

full life-cycle

Concept
generation

Detail design & Production &
development construction

Digital model

DIGITAL TWIN VALUE

Product use,
support and
maintenance
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Phase-out &
disposal
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Digital twins operate through the 3“/“"’.‘:} @I&"bh
full life-cycle
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Product use,
support and
maintenance

Concept Detail design & Production & Phase-out &

generation development construction

disposal

Digital model

DIGITAL TWIN VALUE
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Digital state 2 | N
Quantities of interest + NEW MODELS

- Physics-based
- Data-driven
- Hybrid
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Digital model / shadow / twin
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DIGITAL
PHYSICAL

Ut Control inputs

@ Physical state
Observational data

Reward  Decision support for operations and maintenance
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)

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

)
M
i

EXAMPLES

Provide insight into asset behaviour on locations without sensor

Virtual sensor _
observations.

Understand asset operations by matching against a catalogue of

Fingerprint _
behavioural patterns.
v Recreate complete immersive operators experience to manage remote
irror
assets

Erikstad, S. O., & Bekker, A. (2021). Design Patterns for Intelligent Services Based on Digital Twins. International
Conference on Computer Applications and Information Technology, 235-245.
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Example: Lifecycle costing of a

rail fleet
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Reflection of “as is” state of a rail fleet - and calculation & projection of costs

AS DESIGNED

AS BUILT

AS MAINTAINED

o T o 0O o o o o O o O o
TC1 M4 M1 M2 M3 TC2
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A “measurement” without a sensor at that location

Real Virtual
Asset Representation
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Virtual sensor for wheel force
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Mapping of whee[ fOI’CES @ WHEEL FORCE PROJECTION

PHYSICAL
ASSET Table Q
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Low speed flat spot / damage
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detection on wheels
PHYSICAL
ASSET
DETECTION "\
MEASUREMENTS DIAGNOSTICS USER Wheel flat
damage? Y/N
A LOCALIZATION
» I I II » Which bogie /
II wheel?

CHARACTERIZATION

Size
Type of defect?
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Vertical accelerometer
measurements
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Normal wheel * Damaged wheel — 10 km/h

TS086_Time_05_axle20 [10.03km\h]
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Advantages

INFORMATION
AGGREGATOR

STy
-> E ¢ T o el s
AaR —————————

GRANULAR MONITORING

VIGILANCE

SOFTWARIZED EXERTISE

VISIBILITY



“A developed country is not a place
where the poor have cars. It’s where the
rich use public transportation”

— Gustavo Petro, Mayor of Bogotd
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Annie Bekker

Professor
GIBELA Engineering Research Chair | GIBELA Leerstoel

Department of Mechanical and Mechatronic Engineering | Departement van Meganiese en Megatroniese Ingenieurswese

e: ahnieb@sun.ac.za | t:

+27 21 808 3914 | a: M6018, M&M Engineering Building, Cnr. Banhoek Road & Jouberst Street,| Stellenbosch | South Africa




Skills transfer and experiences

Gibela is responsible for incorporating Economic

Development into project execution, with the goal
of developing local suppliers capable of delivering

to production, service and quality standards

Supplier and Enterprise
Development Perfomance

R81.4m total
supplier and
enterprise
development
spend across 42
independent
entities

R73m

Financial
support

R1.7m

Incubation
support

R6.7m
Technical
and Industrial
Support

Providing suppliers access to funding, favourable
credit terms and free issuing of material
24 suppliers assisted

Gibela's business support provides suppliers with
mentorship, entrepreneurial leaming sessions,
access to specialists and a team of business
guides

S Black-owned companies received support

Providing suppliers with training/access to
technical expertise to improve their on time
delivery capabllity and to the required standard
22 beneficiaries currently under training with
mentors in place

@PE®®E®®

q Stellenbosch
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The desired effect of supplier and
enterprise development

Improved businesses performance (capability and skills)
Enhanced routes of supply and supplier diversity

Job creation (through an increase in production)
Transfer of skills across various areas of the value chain
Increased market opportunities and access
Development of an export market

Exposure to international best practice and standards

Ultimately....
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