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Introduction

Name: Joonas Kortelainen

University: Satakunta University of
Applied Sciences

Education: M. Eng (Tech)

Duties: Lecturer, simulation, 3D
printing and machine vision

Research focus: Simulations, 3D
Printing usability and usability of
machine vision in industry
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Learning outcomes of the training

» Understand the possibilities of a digital twin

» Start thinking of the factory of tomorrow, before even
Investing a dime into it

» Gain knowledge on how to identify the potential use cases
for a digital twin
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Content of the training

» Get to know what a digital twin is

» How is it beneficial

* Who uses it

* How it's done in simplest form (From Virtual to Physical)
* How it's done in simplest form (From Physical to Virtual)
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Webinar: Digital Twins in
Smart manufacturing +
briefing for assignment 1

Webinar schedule (CET):
14.00-14.55 Part 1
14.55-15.05 Break
15.05-16.00 Part 2

Assignment 1
(Inquiry-Based
Learning at your
own time)

Independent
work

Webinar: Examples of
Digital models and Digital
shadows + briefing for
assignment 2

Webinar schedule (CET):
14.00-14.55 Part 1
14.55-15.05 Break
15.05-16.00 Part 2

Assignment 2
(Inquiry-Based
Learning at your
own time)

Independent
work

Webinar: On-site: How to
make a digital
model/shadow yourself

Webinar schedule (CET):
14.00-14.55 Part 1
14.55-15.05 Break
15.05-16.00 Part 2
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Industrial revolution(s)

Smart manufacturing

History

Different theories of a digital twin
What is a digital twin in its stages
Where is it used
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Industrial

revolution(s)




First industrial revolution

Bettmann/ Contrlbutor / Getty Images
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Second industrial revolution, Industry 2.0

o
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Industry 3.0

Kawasaki robots
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Industry 4.0
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Quick recap

The Four Industrial Revolutions

—

o 4 ag

Mechanization and the Mass production Automated production, The Smart Factory.
introduction of steam assembly lines using computers, IT-systems Autonomous systems,
and water power electrical power and robotics loT, machine learning

Picture: spectralengines.com
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Where does this all
bring us?




Smart manufacturing

* Using intelligent manufacturing processes
connected to their digital twins with a real-
time connection

 Digital twin ‘oredicting and analysing the R BUE 14 2
processes all the time $ ottt mt b
i ST S B
« Real-time expert knowledge based support t0 . ,eii00mm0m0101008 38 5 5 9§ %00m01011101001010
B d . ; 70710700777107070700771 (1] 1 ‘1)1‘1)01101011101001010 5
the processes through digital twin 1 T SI81918510106 8 11007101017101001g10) 4
. : ¢ 38 7 r9-pP
* Expert knowledge utilizes Al IoT, Big data 5 43¢ b 4o §
analysis and cloud computing in decision TS Prio?
o

making

« Solving the challenges with the help of Al and
deep learning

(Eviemo et. al. 2020; Wan 2019)
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Digital Twin

1] A
N\ ¥

1) TALENT JOURNEY



Hype C

Hype Cycle for Emerging Technologies, 2018

/

Expectations

Deep Neural Nets (Deep Learning)
Carbon Nanotube

0T Platform

Virtual Assistants
Silicon Anode Batteries
Blockchain

BioCTTp .

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots
Smart Robots

Deep Neural Network ASICs

Al PaaS
(Quantum Computing

Connected Home
£\ Autonomous Driving Level 4

Volumetric Displays

Self-Healing System Technalogy
Conversational Al Platform
Autonomous Driving Level 5 £\

Edge Al

Mixed Reality

/\ Exoskeleton
Blockchain for Data Security
Neuromorphic Hardware
Knowledge Graphs
/4D Printing

£\ Artificial General Smart Fabrics
Intelligence

Augmented Realit
Smart Dust /% ugmentad Reaty
/5 Flying Autonomous Vehicles

/\ Biotech — Cultured or Artificial Tissue

| : Peak of
nnovation Inflated Trough of

Trigger Expectations

Disillusionment

Slope of Enlightenment

Plateau will be reached in:
@ less than 2 years
@ 2to5years

@ 5to10years

/\ more than 10 years

As of August 2018

Plateau of
Productivity

Time

gartner.com/SmarterWithGartner

Source: Gartner (August 2018)
© 2018 Gartner, Inc. and/or its affiliates. All rights reserved.

Gartner
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History

* NASA thought about it and came up
with some type of a concept in 1970s

* The first “Digital Twin” concept and

idea came in 2002
* Michael Grieves
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History
Conceptual Ideal for PLM

Data

Dr. Michael Grieves, University of Michigan, Lurie Engineering Center, Dec 3, 2001

Figure 3
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Different theories of
a Digital Twin




Different theories or concepts of a Digital Twin

 Original digital twin concept

« NASA's digital twin concept

« 5-dimensional digital twin concept
« Model based digital twin concept
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Original Digital Twins theory

* Based on the real space and Conceptual Ideal for PLM
virtual space

« Data exchange between them

« Can have multiple virtual
spaces running
simultaneously

Data

lllllllllllllllllllll

Figure 3

Dr. Michael Grieves, University of Michigan, Lurie Engineering Center, Dec 3, 2001
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NASA's digital twin theory

« Same as the first concept, but
goes a lot deeper and more
specific

* Uses history data

Picture: NASA 1) TALENT OURNEY




5 part digital twin shop-floor service
System

Physical Shop-floor

ERP

SCM

PLM

CRM

PDM

MES

Datal ‘Driving
/" Shop-floor
0(.\\1'\0% I\ Digital

- Twin

Interaction and

Iterative
optimization

mapping

Virtual Shop-floor
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Model based digital twin
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Product life-cycle analysis
and forecasting problems

Testing different scenarios in
as realistic as possible digital
environment

Real-time probability
calculation based on sensors
and historical data

Taking notice of different
systems in digital twin

Real-time viewing of
resources

Accurate calculation of
production capacity

Inspecting the real-time
situation using a 3D model

Simulation of production
plant management systems
for different needs

Autonomous problem
solving using artificial
intelligence and trial-and-
error learning

TALENT



Digital twin - not

everything is a digital
twin




Different levels of a digital twin

Digital model

Digital
object

Physical
object

» Manual Data flow
» Automatic Data flow

Kritzinger, W. et al. (2018)

Digital shadow

l

Digital
object

Digital twin

l

.

Digital
object
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Where can it be used?

« Manufacturing
* Automotive

» Designing
 Utilities

* Products

» Healthcare
 Infrastructure
* Training
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Who use it?
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Making your own digital twin in
manufacturing

What's required information
. Phy5|cal part:

Dimensions
Sensor data
« Materials
« Dynamics
«  Workflow information
Softwares:

« 3D-Modeling software

« Simulation software

« Software for controlling the simulation

« Connection between virtual and
physical

1) TALENT JOURNEY



Softwares on how to do it “easily” and in
simple form in manufacturing

SIEMENS VISUAL
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Assignment 1

* Go search on the internet for a digital twin in use.
« Explain it or showcase it in a few sentences, and link to the source.
« Comment two other posts

https://padlet.com/joonasjohankortelainen/9dnmec4 7/wvzkvgjh
Link will be in the chat!
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https://padlet.com/joonasjohankortelainen/9dnmec47wvzkvgjh
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Thank you!
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