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WHAT IS A DIGITAL TWIN?
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DIGITAL TWIN

= "A digital twin is a real time digital replica of a physical device"
(Bacchiega, 2017)

» “Using a digital copy of the physical system to perform real-time
optimization” (ssderberg, R., Warmefjord, K., Carlson, J. S., & Lindkvist, L. ,2017)

= “Digital twins are software representations of assets and processes
that are used to understand, predict, and optimize performance in
order to achieve improved business outcomes” (General Electric, webpage)
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A DIGITAL TWIN AS REPLICA

Physical Object Digital Twin

Source: Gartner
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QUALITY TRACKING SYSTEM FOR STEEL COILS

Supporting the zero defect vision

Increasing the global resource efficiency of
the steel supply chain EUROFER

The European 5teel Association
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A MODEL AS DIGITAL TWIN

businesswire.com
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Gartner Hype Cycle for Emerging Technologies, 2017
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Hype Cycle

/
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Emerging Technologies, 2018
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DIE COMPENSATION FOR SPRING BACK
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APPROXIMATE OPTIMIZATION
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JOINT PROBABILITY DISTRIBUTION

325

330

335

340

345

350

Yield stress

355

360

365

370

375

0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.54 0.55
Plate thickness

UNIVERSITY OF TWENTE. Digital Twins in Material Forming - Meeting Materials 2018

13



ROBUST PROCESS OPTIMIZATION

MATERIAL PROCESS PRODUCTS

Jan Harmen Wiebenga

¥ materials
| innovation
institute
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INCREASING COMPLEXITY

Inverse Robust approach
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ANALYTICAL STATISTICAL MOMENTS
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INVERSE ROBUST PROCESS OPTIMIZATION

MATERIAL PROCESS PRODUCTS

Omid Nejadseyfi

¥ materials
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MODEL BASED PROCESS CONTROL

I
. Metal 1 Measurement sensor !
Jos Havinga S - - e
decoiler A i 1 oFm T
= o ! o !
1> | ] —_ ] ] o ™ ]
15! —> 1 00 1 1 20 1
== T3 11T c3 |
121 ' 4o 1 I 3o 1
2 H 12 = = =
‘ M EGa F IT e | < | 1 2= |
| I | Lo I Lo 1
“COOPERATION .
— control: Blank holder force control: force control: reverse bending
of each segment l l
2. Deepdrawing 3. Forging 4. Bending C 9

[ 3’ 1. Cutting

— ==
.

Jﬂ
[ ]

g

]
]
1
]
] T
1 1
1 1
v v
-thickness -punch force

UNIVERSITY OF TWENTE.

1

|

v
-punch force
-temperature

1

:

v
-punch force

€———=—====4

-angle -geometry

Digital Twins in Material Forming - Meeting Materials 2018

18



FORCE MEASUREMENTS
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RELATION PUNCH FORCE AND NOISE PARAMETERS
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Yield stress
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BAYESIAN STATISTICAL APPROACH
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CONTROL BASED ON POSTERIOR PROBABILITY

bending product nr 4
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MODEL BASED CONTROL
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PROCESS CONTROL FOR DEEP DRAWING PROCESS
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OPTICAL DRAW-IN MEASUREMENT

| Manufocturing
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= Measurement is done in the re-lubrication
station.

= Draw-in is calculated through the software,

based on an image taken from above.
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EXPERIENCE VS. PROCESS CONTROL
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DIGITALLY ENHANCED NEW STEEL PRODUCT DEVELOPMENT (DENS)
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DIGITALLY ENHANCED NEW STEEL PRODUCT DEVELOPMENT (DENS)
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ARE DIGITAL TWINS THE EMPEROR’S NEW CLOTHES?

CATALINO The Emperor's New Clothes

Hype Cycle for Emerging Technologies, 2018 N
N NICE CLOTHES AND SMART
Deep Nura et (Deep Leaming) Plteau il b rached n: GIVING RUSSIANS OUR
‘ STATE SECRETS.

A Digital Twin
Biochips:

Smart Workspace
Brain-Computer Interface.
Autonomous Mobile Robots
‘Smart Robots

Deep Neural Network ASICs.
AlPaas

ca::{‘gg;:?: ” @ less than 2 years
@ 2to5years
Virtual Assistants
) ) @ 5totoyears
Silicon Anode Batteries
Blockchain /A morethan 10 years

Quantum Computing

Volumetric Displays
Self-Healing System Technology-
Conversational Al Platform
Autonomous Driving Level 5 /X

Connected Home
Z\ Autonomous Driving Level 4

Mixed Reality

Blockchain for Data Security
Neuromorphic Hardware

/\ Human Augmentation
Knowledge Graphs

Expectations

£\ Artificial General Intelligence

Smart Dust /X
/X Flying Autonomous Vehiclg

As of July 2018

Peak of
Innovation Trough of Plateau of
Inflated C
Trigger _ Inflated - Slope of Enlightenment Productivity

Time

gartner.com/SmarterWithGartner
Source: Gartner (August 2018) Ga I’tner

© 2018 Gartner, Inc. and/or its affiliates. All rights reserved.

UNIVERSITY OF TWENTE. Digital Twins in Material Forming - Meeting Materials 2018



THANKS TO:

Omid Nejadseyfi (UT/FOM) David Harsch (ETH)

Jos Havinga (UT) Jorg Heingartner (Inspire AG)
Jan Harmen Wiebenga (UT/M2i) Kees Bos (Tata Steel)

Biba Visnjicki (FPC) Eisso Atzema (Tata Steel)
Leonardo Schneider (ETH) Jan Dirk Kamminga (M2i)

UNIVERSITY OF TWENTE. Digital Twins in Material Forming - Meeting Materials 2018 30



