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...a few words about me...

Professor of Micro Manufacturing, Department of Mechanical Engineering, Technical
University of Denmark (2002=»)

Head of Department Mechanical Engineering, Technical University of Denmark (2016=>)
Fellow of CIRP (2007=>»)

President of CIRP (2021-2022)

President of euspen (2015-2017)
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Outline

* Mega trends and manufacturing (and everywhere else)
« Some examples of developments in manufacturing

 What is different from what we are already doing?

DTU Mechanical Engineering
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Automotive
Aerospace

Defense
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Manufacturing - digital and green

October 2021
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Digitalization

DTU Mechanical Engineering

Computer
Science

We will work
together

Please teach
me Statistics
FE: @Statisticss

Now lam a
Data Scientist

I&: @ZtatisticsFor¥ou
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Digitalization

What is Manufacturing?

Machimery

Tk
FPurer Manufsciuring
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I Compleied paat
Saswing o presdug]

matoreal
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Slarilag Material Completed
material o procesing  par or product
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Intelligent networks of
machines, people and

Increased productivity and complexity  products powered by data

Complexity and Productivity

October 2021

Focus:

Mass customization
Cost of producing one
less than mass
production

Computers enable
automation of mass

The steam production

engine creates
the industrial
society

Electricity and the
assembly line facilitate

mass production Focus:

Reducing unit cost
through volume
production

Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0
end 19t century Early 20t century 1970’s today

DTU Mechanical Engineering



There are two emerging approaches to Industry 4.0

Fully Automated

Data-Driven Manufacturing
(Industry 4.0/Digitalization)
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80/20
Denmark
e High Mix
Restructuring of e Low volume Restructuring of
PROI?dUCTS to « High Quality PROCESSES to
provide mass provide mass
customization customization
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DTU
= Industry 4.0 two key components:

- Digital Twins and Digital Automation

Supporting: Digital Twins

* Rapid development cycles

} * .. MindSphere ___°
(experiments)

feed back hﬂlﬂh’h to continuously optimize product and production
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« Faster time to market o e
e = E _ : : _ {T‘\;
» Customization and quality R - SRR,
(scalability and flexibility) groct [psucton RS {formance
SIEMENS
lngessily for e

* Production close to market
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DTU
= Industry 4.0 two key components:

- Digital Twins and Digital Automation

Supporting: Digital Automation

« Rapid development cycles ﬂ
%ﬁ Additive Manufacturing
L P

(experiments)

Collaborative
robots

e Faster time to market

e Customization and quality

0.3 ®
® @

loT
- Supply chains from
production to customer

 Agile production lines
(scalability and flexibility)

* Production close to market

Simulering
& “Digital Commissioning”

October 2021
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Digital representation of Production and Products

- Stands on two legs....

Embedding "sensors” in Production/
In-service »»

Recorded digital representation »»

"Data Analytics” — "Big data”

Validation and calibration

Establishing multiphysics models of
Production/In-service »»
Predicted digital representation »»

CFD, FEA, Simpler response surfaces

DTU Mechanical Engineering

Foreseeing/predicting behaviour/
properties of production/

produced parts
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Coupling to the entire chain:
Design, Manufacturing and In-Service

Embedding Measuring / monitoring Measuring / monitoring
Sensors in production in-service

SSEINIEN Desion codes, FEA,  Process / production Model based in-service
models CFD, Load models Simulation control systems

—— )

Feedback for improved designs

DTU Mechanical Engineering
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THE DIGITAL SHADOW: Recorded from real production
THE DIGITAL TWIN: Based on models

€/) »-‘ i

Real Foundry— Digital Shadow

Digital Foundry— Digital Twin
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What are the Differences between digital
Shadow and digital Twin?

Digital Shadow Digital Twin

« Data come from real production » Process window and measures can be
conditions determined during planning

» Multiple quality criteria are available which
cannot be directly measured during

» Data can only be created during
production

o production

» Processes have natural variations and « No scatter > reduced number of
scatter experiments - easy statistics possible

* Large amount of data required to get « Feasibility studies can be substituted to a
evidence large amount

» Many quality criteria cannot be retrieved » Modell to describe the process must be
directly available

« Often weak correlation to quality « Identification of process conditions,

robustness and quality and optimal
operating conditions...

Digitalization and industry 4.0 in German foundries. Courtesy: MAGMA GmbH, Aachen, Germany, Dr. Jesper Thorborg

October 2021 DTU Mechanical Engineering
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Compensation strategies for precision
machining of large structures

i

Assoc. Professor Giuliano Bissacco (DTU)
PhD Student Alessandro Checchi (DTU)
Christian Haastrup Merrild (DAMRC)

s each pasition an the .' .

Estimation an each
position on the tool
Path
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Problem: Geometric Errors Generation

Cutting Process Cutting Forces
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Error reduction by compensation
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Advanced process control by in-line sensoring
and optimization in additive manufacturing

i

PhD Eypor Runar Eiriksson (DTU)
Senior Researcher David Bue Pedersen (DTU)




HE

October 2021 Mechanical Engineering




HE

October 2021 Mechanical Engineering




=
—
—

i

October 2021 DTU Mechanical Engineering



HE

Mon-illuminated
—

ray

Ay ——————

Fulune print ———— L

Y ¥ ¥ v ¥ ¥

Continuous down

October 2021 ical Engineerin




=
—
—

i

It all comes down to

Specification

Process chain definition

Validation

Product

N/A

Process

N/A

October 2021 DTU Mechanical Engineering
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...and here metrology plays an important role

Specification Process chain definition Validation
. “Setting the tolerance” N/A . “Product validation”
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Observations

» Data collection is not new (temperatures, pressures, forces..)
« Dimensional metrology applied to manufacturing is not new (in-line, off-line)

» Simulation of process-material interaction is not new

October 2021 DTU Mechanical Engineering
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What could be relatively new....

» Modelling of process chains based on a combination of multi-physics models and
statistical models (integrating the digital shadow and digital twin)

» Feed-back of data along the value chain (design — manufacturing — use)

» Using measurements to update 3D models of components as they are produced
("traceability™)

» (Automatic) optimization of product and manufacturing design

 Virtual and fact based product development




SUSTAINABILITY TRENDS

* THAT ARE RESHAPING THE WORLD

RESOURCE EFFICIENCY ]
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CIRCULAR ECONOMY b~ i !
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SUSTAINABLE DEVELOPMENT GOALS
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RESOURCE EFFICIENCY




SUSTAINABLE
DEVELOPMENT GOALS

||I-';.-'_f'=l
MY
i 'ﬁl\} _.‘.f
i, [l 10 22,
.
4 ' =)
4l & =
[V 18
wia

X ) e e

ﬁ -.l- i o v 3 (of)
e —-— a SUS :J’-_!ﬁl ABL l'_:
© e £ ¥ P Ew

= B ML g




SUSTAINABLE
DEVELOPMENT GOALS
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Where Denmark is
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CIRCULAR ECONOMY

e Fastest growing business strategy area in
Europe

e Closing the loops

e 1.8 trillion Euro per year in Europe

e Decoupling value creation from resource
consumption

Requires a systemic approach
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Scope 3 Scope 2
INDIRECT INDIRECT

purchasad electricily,
stoam, heating and
copling for own use

Scope 1
DIRECT

campany Tacilities
company vehicles

Procesces

Reporting company

SCIENCE
BASED
TARGETS

Scope 3
INDIRECT
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Thank you for your attention!
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