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1. Mikéa on digitaalinen kaksonen?
Onko niita vain yksi?
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Mika on digitaalinen kaksonen?

Digitaalisista kaksosista on monia méaaritelmia, ohessa esimerkkeja:

What the definitions can
agree on?

* Itis adigital
representation the
elements and dynamics
of a physical device.

* Collects real-time data
using sensors.

* Uses simulation and
models to mimic the
physical system.
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“A Digital Twin is an integrated
multiphysics, multiscale, probabilistic
simulation of an as-built vehicle or
system that uses the best available

physical models, sensor updates, fleet

history, etc., to mirror the life of its
corresponding flying twin”

Glaessgen & Stargel, (2012)

“Coupled model of the real machine

that operates in the cloud platform and
simulates the health condition with an
integrated knowledge from both data
driven analytical algorithms as well as

other available physical knowledge”

Lee, Lapira, Bagheri, an Kao, (2013)

“Digital twin is a real mapping of all

components in the product life cycle

using physical data, virtual data and
interaction data between them”

Tao, Sui, Liu, Qi, Zhang, Song, Guo,
Lu & Nee, (2018)

“a dynamic virtual representation of a
physical object or system across its
lifecycle, using real-time data to
enable understanding, learning and
reasoning”

Bolton, McColl-Kennedy, Cheung,
Gallen, Orsingher, Witell & Zaki,
(2018)
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“Using a digital copy of the physical
system to perform real-time
optimization”

Soderberg, R., Warmefjord, K.,
Carlson, J. S., & Lindkvist, L. (2017)

"A digital twin is a real time digital
replica of a physical device*

Bacchiega (2017)
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Mika on digitaalinen kaksonen? (AF/AFRY)

INTERNAL

0

5
Autonomous
(intelligent)

Digital 1 2 3 4
simulation Connected Diagnose Prognosis Self learning
‘ el (smart) (smart) (smart) (intelligent)
* Not connected » Considered a * The Digital Twin * The Digital Twin * By atrtificial
« Used to simulate Digital Twin can be used to can make intelligence, the
how a product or « Connected to its diagnose the prognoses of when Digital Twin learns
process behaves physical equivalent ~ current state of the parts of the continuously from
in different in real time process process will have its own and others
scenarios failure or reduced experiences and
capacity can suggest
actions based on
this
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* The digital twin
makes its own
decisions and is in
control of the
process or product.
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Mika on digitaalinen kaksonen? (Siemens)

* Adigital twin is a virtual representation of a physical product or process, used to understand and
predict the physical counterpart’s performance characteristics.

 Digital twins are used throughout the product lifecycle to simulate, predict, and optimize the
product and production system before investing in physical prototypes and assets.

Product Production Performance
Digital Twins Digital Twins Digital Twins

 Using digital twins for « Using digital twins in « Using digital twins
efficient design of new manufacturing & capture, analyze, and
products production planning act on operational data

N
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Mika on digitaalinen kaksonen? (Valmet&Cybercom)

Digital thread

DESIGN & TEST & SELL IMPLEMENT MAINTAIN IMPROVE
1 ? ! ! ! g

Digital thread enables using data across the life cycle

A digital thread describes the framework which connects data flows and
produces a holistic view of an asset's data across its product lifecycle.

The term digital thread is also used to describe the traceability of the

digital twin back to the requirements, parts and control systems that
make up the physical asset.

- Wikipedia
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Mika on digitaalinen kaksonen? (Valmet&Cybercom)

Digital twin: Definition
Digital twins often have three key technology enablers:

3D/ IoT & data

Digital twins are created in different entity levels:

Part Product System Process

They feature varying levels of connectivity:

Not 1-way 2-way Fully
connected connection connection connected

N
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Oliko digitaalisia kaksosia jo 80-luvulla? Eri nimisina?
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* Esimerkkeja Imatran Voiman jarjestelmista ja palveluista 1989-1997 T f’

— Simulaattorit (Simulators, Modelling)
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» staattiset tasemallit ja dynaamiset mallit
— Kehittyneet saatojarjestelmat (Advanced Process Control)

* monimuuttujasdadot, sumeat saadot, adaptiiviset sdadot
* saatdjen hyvyyden analysointi
— Kunnonvalvontajarjestelmat (Condition Monitoring)
* kannettavat ja kiinteat varahtelynvalvontajarjestelmat; elinidnhallintajarjestelmat;

materiaalianalyysit; vesikemian valvonta; prosessinalyysit, monimuuttuja-analyysit

— Asiantuntijajarjestelmat (Expert Systems & Knowledge Management)
e sdanto- ja mallipohjaiset jarjestelmat; varahtelynvalvonnan asiantuntijajarjestelmat; =
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mallipohjaiset diagnostiikkamenetelmat: staattiset ja dynaamiset mallit;

tilastolliset menetelmat, hermoverkkosovellukset, hahmontunnistus

— Suunnittelujarjestelmat (Computer Aided Design)
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* CAD-jarjestelmét; ensimmaiset versiot data/VR-kyparista = ~—

— Etatukipalvelut (Remote Expert Services) R ———

L

* Kunnonvalvonnan asiantuntijakeskus, Fortum Performance Center; osana O&M- ja teknisia tukisopimuksia

10 6 February 2020 © Valmet | Tuula Ruokonen

Valmet >



INTERNAL

Mika nyt on siis muuttunut? Onko kyseessa evoluutio vai revoluutio?

 Digital Twin on nyt hype-huipussaan,

samoin sitd mahdollistavat ja tukevat teknologiat kehittyvat voimakkaasti...

Biochips
Smart Workspace )
Brain-Computer Interface °°P Neural Nets (Deep Learning)
Autonomous Mobile Robots g?r'::"':::ﬂum
Deep Neural fo?;?«'i"s?%f Q Virtual Assistants
Al PaaS ® Silicon Anode Batteries
Quantum Computing Blockchain
5G
Volumetric Displays % Connected Home

Self-Healing System Technology Autonomous Driving Level 4

Conversational Al Platform

2| Autonomous Driving Level 5 Mixed Reality
] Edge Al
S Exoskeleton )
O | Blockchain for Data Security m:ld':rgph'c
g. Knowledge Graphs
o 4D Printing
Artificial General Intelligence
Smart Fabrics
Smart Dust .
Flying Autonomous Vehicles Augmented Reality

Biotech — Cultured or Artificial Tissue

As of August 2018
Innovation rni:t:; Trough of Slope of Plateau of
Trigger Disillusionment Enlightenment Productivity

Expectations

time
Plateau will be reached:

O lessthan2years @ 2to5years @ S5to10years A more than 10 years @ obsolete before plateau

expectations

Digital Ethics Intranet as a Service
Coltab Work Manag bristream Collaboration
Augmented Analytics
Design Thinking y— NLP
Citzen Data Science Virtual Assistants
Smart Workspace

Citizen Integrator Tt
Employee Recognition'and Reward Systems

Immersive Workspaces
As of July 2018
Poak of
Innovation ":;(‘";; Trough of Slope of Platoau of
Trigger E-xoer.-!ahon-. Disillusionment Enlightenment Productivity
time

Plateau will be reached:

Olessthan2years © 2toS5years @ Sto10years A more than 10 years @ obsolete before plateau

© 2018 Gastrae, Inc
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Gartner Hype Cycles for Emerging Technologies and for Digital Workplace 2018.
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2. Esimerkkeja erilaisten digitaalisten
kaksosten hyodyntamisesta
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Hyddyntamistapoja suunnittelussa ja kayttovaiheessa

Expected benefits of digital twin

N loT & Industrial internet Collects real-time data using sensors.
. o 9 Uses simulation and 3D models to mimic the physical system. #Disrupt Miniﬂg

‘/ \. 2019

DANDRITL
Andrntz IDEAS simulator

s e

L2270 . Optimizing entity
performance

More agile, cheaper
& less risky planning

Deutsche Bahn IoT Cloud Boeing / Dassault Systémes
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Mallipohjaiset ja tilastolliset analytiikkamenetelmat pilvilaskentana

NO, emission optimization
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* NO, emission optimization application

— Guides operator to choose the most economic way to lower NO, emissions

» Predictive reliability diagnostics application

— Enables proactive condition monitoring of plant equipment, based on process

data

— Currently monitors 14 pieces of equipment (valves, pumps, motors, fans)

Delivery includes:

* NO, emission optimization application

« Predictive reliability diagnostics application

» Operations Panel: Real-time performance status
« Application upkeep by Performance Center

Benefits:
* Meeting emission limits cost effectively

* Focused maintenance based on real-time equipment condition

https://www.valmet.com/about-us/industrial-internet/
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Simulaattoreiden hyodyntaminen koulutuksessa ja kayttoonotossa

Irving Pulp & Paper, Canada: Operators up to a high level of proficiency before startup

“Process simulation and interactive
multi-media training provided by

Valmet were Invaluable ingredients
needed to bring the operators up to a high level /o
of proficiency before startup.” Dy Day2 Day3 Day4 Days Days

New cooking plant startup:
target production reached on 3 day

2 Jim Brewster,
>4 Technical Director

5, J"y g:. = L]
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Simulaattoreiden hyddyntaminen kaytettavyyden optimoinnissa
CMPC Gualiba, Brazil: Higher reliability of the plant

“The time between discovering

a problem and solving it is

much shorter compared with

if the training had been done with traditional
classroom training only.

The reliablility of the plant is higher
when using the simulators from
Valmet.”

David Dias Nascimento,
Project Coordinator
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Virtuaalikollaboraatio ja etatuki

* Multiple users in ValmetXR environment: Valmet & customers meeting in virtual or
augmented reality; all can see each others talking and moving
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3. VIsio —
vaiko haavekuva tulevaisuudesta?
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Visio/haavekuva: Digitaalinen kaksonen “elossa” koko elinkaaren ajan

* Tehokas tiedon hallinta,

yllapito ja hyddyntaminen Digital Twin Main Dimensions

eri elinkaaren vaiheissa Business Value

—  Myynti : Clustering
yynt e igert prozicts Digitalization Strategy S Becad

— Suunnittelu Problem solving ysics base

— Toteutus After sales History based
T : Optimization Mathematical twin Reinforced

— Kaytto ja kunnossapito A e einforce

Intelligent .
* Tiedon syo6tto ja luominen Maintenance Digital Twin

Physical twin

vain kerran eli Shorter TtM Planning, R&D —
“No data replication” Shndiaticl

St ¢ T > .. ‘ "2
- . senssiansennmippetis
oo of v & & ¢ -
: - 7L dade - L2

* Semi-automaattinen siirto
vaiheista toisiin

* Mallien ja tietojen yllapito ja
palautetieto eri vaiheista

W
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|deaalitilanteessa tiedot luodaan vain kerran ja niita hyodynnetaan
seka yllapidetaan koko elinkaaren ajan

: . . ; . Multi-discipline System Engineering | Scope
Industrial Equipment Portfolio Industry Solution Experiences Requrements +~f-=> Functionl ===f-====-==- > lLogical -------------- =-> Physica

Functional architecture Logical architecture design ~ Mechanical system design EBOM [a nd 3D)

System requirements,
regulations, standards

ldea Concept Design Product Manufacthring Market  Fost Purchase Equipment Equipment Insfaled End of
Frozen Validafed Validated Validated Launch  Quofafion  Order Shipped & Coniract Closure Life

') Lo Lo < < < o) < < Lo
MANUFACTURING

Phase
ComcerTuaL PRELIMINARY DeTaLED

STUDIES DeziGH DESIGH ProoucTion Run In-ServicEs OPERATORS & SuPPORT

Organization

3D Mechanical Posmamnl

00 SINGLE SOURCE FOR SPEED

Fm’%“mT{FN:E STRJ-.TEG;!C. IBI.ISIIES: -Jll:l PRODUCT PDI\'TFCILID PLANNING
FIMANCE AND COSTING C

SOURCING AND CHANGE AND CONFIGURATION MAMNA .;EI!EHT {(ENGINEER MANUFACTURING EOM CONTINLATY)
PURCHASING CFFICE

s D Piping Design __

_"Cable diagrams 3D Electrical Cabling Design

20S.COM® DassestSystimes | ContdankalInormaen | 2272018 | e 20, Docuamend 215

00 SIMPLIFIED SMART o e

ENGREERING EQU|PMENT =, CONCURRENT EQUIPMENT -
. ) ENGINEERING 3DExperience Platform

Control Design Embedded Software

MULTI DISCIPLINES
ENGINEERING AND PERFORMANCE

QUALITY, TESTS & .. " - - 0
cexTFcATON , PPR for Digital Manufacturing to Service Engineering
MANUFACTIRING READY TO MAKE 3DEXPERIENCE consistent Conceptual Model
IHII'I'AL MANUFACTURING, SUPPLY CHAIN PLANNING & SCHEDULING, MOM
cusrouen emvces | () @) “4%  KEEP THEM RUNNING PPR to manage digital downstream
Sl AFTERALES B SERVCE H rocesses with BOM. process and Engineering Mg ltem (P Process (P) || Resources (R)
sueso INSTANT EQUIPMENT SHOWCASE i1 P SO, P e & @
MARKETING OFFICE MARKETING AND SALES § resources definition for: @ ® \I?g I:g t i
p?S DASERULT | The 3DEXPERIENCE" Cor g » Manufacturing view tg 1 = 4 7
% » Installation view Malthﬂmngfl:ﬁﬂﬁﬂuﬁlg”lﬁlklmhuduﬁlﬂff&gmic..)
: » Service view (19x) Sy o
i » As-maintained view (20x) ‘ ‘
;- Simulation / Virtual commissioning (product line) 4 il Y
é F Simulation 1

Configuration
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Kokonaiskonsepteja [0ytyy ja niita jopa myydaan jo nyt

Strategic Conceptual model
No Data Replication!

Requirements Function Logical

Simulation — Model — Scenarlu Result

]
-.
¥
)
I

| __3D03pace |
Configuration [ Portfolio fchtlnnan.r [ Variant [/ Evolution)

= E
Bualits:
Sarvice E
: sDiDashboard
—
Executmn : u

Project, Change [quuest J Order / Action)

Industry Innovation
Openness

) Digital Continuity Business Innovation

r . | ) -
DS SUSTESES 1 The SDEXPERIENCE Company

EE=10 OF 5000

W
21 6 February 2020 © Valmet | Tuula Ruokonen valmet ,



INTERNAL

Simulaattorit suoraan suunnitteludatasta
Simantics - Open operating system for modelling and simulation

r . T 3
Design engineers Simulation engineers

Apros
Process
Simulation

Process
design

Other simulators:
Balas, DEVS, sd,
Fluent, Modelica,
company specific

Automation
design

-

3D 1
design mant

Plant design systems:
SmartPlant
Foundation, Comos, ...

_ Juaswabeuew
*  uopeuwuoju) uoReINWIS

Engineering information
management
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No, miksi tdméa on niin hankalaa ja jopa mahdotonta?

« Haasteina ovat ainakin erilliset toimintaprosessit, jarjestelmét ja organisaatiosiilot...

Current data inventory in lifecycle view (not complete)

Simulations Assembly simulation Process simulation

Wedge platform CFD Grade pre- Mill wide Running style &

modeling e fo _ settings etc.
Simulating Taselaskenta ja mitoutus

new products PressSIM simulaattorit PBD

e follow up
optimizations
defaults @wedge

e Dynamic modelling Energy
Stress : MPInvest Training (QCS, APC, MPC) optimization
- 22 sim DCS
calculations

Turbine Process test Operator training OTS
Flow simulator dimensions Power plant
simulations ol 2l
CFD Load sharing simulator
Heat modeling optimization
recovery Energy
model efficiency model

- — Customer
Condition monitoring views

& predictive
Physical properties Assembly models (PMDINDT)

EPDM / SW Comos PDM Aveva E3D Reference data eStore

PDMS Cost for raw materials Plant model PDMS APC

Industrial Internet apps producs Portal

Gamification q
marketing Operational data

(FBO) Industrial Internet operational data

DNA automation

BETTER ENHANCED PLANNING SMOOTHER & FASTER OPTIMAL RUNNING AFTER
DESINGS & QUICKER BUILD RAMP-UP THROUGH LIFE CYCLE SALES

« Avoimia kysymyksia lisaksi mm. datamallit, millainen malli mihinkin sovellukseen, standardit,
kuka yllapitaa, kuka omistaa mallit ja tiedot, avoimuus eli tiedot muiden toimittajien laitteista?
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4. Kysymyksia ja kommentteja
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