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1 Introduction and Major Challenges
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1 Introduction and Major Challenges

Emerging technologies of Industry 4.0.
 Digital Twins
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DT refers to a digital replica of potential and actual physical assets (physical twin), processes, people, places,
systems and devices that can be used for various purposes.

1 Introduction to digital twins and Major Challenges

A DT consists in three big parts: the digital copy, the physical asset/process and its environment, and the
communication channel or digital thread between the physical and virtual representations.
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1 Introduction and Major Challenges

What is a digital twin:

(https://youtu.be/6quHZNzZZnsw)
Different types of digital twins in design:

e Descriptive twin: a live and editable version of the design and construction data. E.g. an elaborated CAD-
model.

e Informative twin: contains an added layer of operational and sensory data or a predictive twin able to use
operational data to gain insights. E.g. in mechanical design this would be a virtual prototype, in architecture
and construction a BIM-model.

e Comprehensive twins: to simulate future scenarios and considers “what-if”” questions.
e Autonomous twins: which have the ability to learn and act on behalf of users.

nttps://youtu.be/60eCpwOToy4 (general overview of DT)
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https://youtu.be/6quHZNzZnsw
https://youtu.be/60eCpw0Toy4

Classification according to the five level taxonomy of Leeway Hertz for

Building blocks Analysis
Motion planning,
Data Model assembly, rapid prototyping, kinematic
studies
CAE-base% performance predictions, time-
Data Model and Physics

series analysis, controlled lab-data-based
predictions

Regression, anomaly detection, time

Data Model and Sensor inputs . .
series analysis

Level 1,2,3 probabilistic methods,
Bayesian inference, ML, what-if scenarios,
control systems analysis

‘ Level 3 + Expert system ‘
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manufacturing lifecycle visibility
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2 Digital Twins in mechanical design

Reflection from the digital world to the physical world
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3 Suggested model for a student assignment.

Suggested model: Design Movable solar panels with suntracker.
« A Multi-disciplinary project
* Recognizable for students
» Appealing in an era of sustainable energy

Advantages:
« Comprehensible to teach
» Offering possibilities to integrate all technologies

Timeframe: (9ECTS spread over academic year)
« 3ECTS design of a digital twin from early design stage
« 3ECTS course on digital twin technologies
+ 3ECTS implementation of a digital twin

Teamwork

Overarching competences:

* Group dynamics

* Project management: planning, milestones, deliverables
* (scientific)(technical) reporting

« Communication: pitching
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3.1 Virtual prototype: part 1 mechanical design of the DT hardware

Analyze and
optimize

A

Describe Develop

Virtual Prototype Physical System
requirements
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3.1 Virtual prototype
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3.2 To expanding to digital twin: part 2, implementation of DT
Modify

VN
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Optimize Digital Thread
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3.2 Expanding to digital twin

Physical
sensors

SENSORS SENSORS SENSORS SENSORS
ANGLE1_GP ANGLE2 PSP ANGLE3 WIND WIND_SPEED
| 2019-09-27T07:00:34.126Z 30.000000 90.000000 45.000000 20.000000

Set Name

2019-09-27T07:00:35.126Z 0.000000 20.000000 20.000000 25.000000
2019-09-27T07:00:37.126Z 0.000000 70.000000 60.000000 30.000000

| 2019-09-27T07:00:38.126Z 90.000000 45.000000 40.000000 20.000000
20.000000

| 2019-09-27T07:00:39.126Z 45.000000 30.000000 10.000000
2019-09-27T07:00:40.126Z 55.000000 40.000000 50.000000  20.000000

Run |~ | | Exporttocsy
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» FEA for strength analysis
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4 Assignment: complete model
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Reflection from the digital world to the physical world
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4.2 Results of integration

Digital twin part: integration is challenging part

Set Name SENSORS
2019-09-27T07:00:34.126Z 30.000000
2019-09-27T07:00:35.126Z 0.000000

2019-09-27T07:00:37.126Z 0.000000

2019-09-27T07:00:38.126Z 90.000000
2019-09-27T07:00:39.126Z 45.000000
2019-09-27T07:00:40.126Z 55.000000

Run =~ Exporttocsv | ™

SENSORS SENSORS SENSORS
ANGLE1_GP ANGLEZ2_PSP ANGLE3_WIND WIND_SPEED
90.000000 45.000000 20.000000
20.000000 20.000000 25.000000
70.000000 60.000000 30.000000
45.000000 40.000000 20.000000
30.000000 10.000000 20.000000
40.000000 50.000000 20.000000
Close
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5 Conclusions

Digital twin technologies as a combination of different subject makes integration complicated.

The challenge of making a comprehensive case to teach students which is compact to fit in the available timing of
students’ curriculum while still containing all technologies enabling digital twins has been realized.

The model uses a step-by-step introduction from virtual prototype to digital twin

Multi-disciplinary approach between mechanical engineers, automation/electronics engineers and software
engineers.

It offers possibilities for future integration of extra technologies.
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