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The Outcome Economy

Ho w Intlukt@allo™ 1 s changing every busi

Joseph Barkai1 2016
IDC Manufacturing Insights
Product Lifecycle Strategies

— Outcome is not a Product nor a Service, but a Solution !

e\/‘l *loT: Internet of Things
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The Product Performancelifecycle (PPL)

Peopled o n’ t waanquarterincl dryl;
Theywant a quarter inchholél

Theodore Levitt
HBS* i Marketing Professor

- And ... a good one!

e\n *HBS: Harvard Business School
WWW.esi-group.com
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The context of the Digital Transformation

From a Product to an

get it right® WWww.esi-group.com c



The context of the Digital Transformation C Industry Disruption

Product from to ‘in Life’
loT / Cloud
Technology T
Smart Factory
Manufacture N
FAcTory Effective
In Operation Solution:
Delivery T

e\n Product Performance Lifecycle
WWW.esi-group.com
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The context of the Digital Transformation ¢ Enterprise Disruption

From Automated to Smart to Outcome

Industry
3.0

The Outcome Economy
e |

nternet of Things s Changing Every Business

3

Automated Production Intelligent Production Solution Value

/ Product Certification / Smart Factory / Performance
C Eco-system !

I

WWW.esi-group.com c
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The context of the Digital Transformation ¢ Customer Disruption

Product:
from: ‘aTool to ‘on Demand’ to ‘Enabler’

Sy —

Product Service ‘App’ based Solution

Anonymous!
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The context of the Digital Transformation C Jobs Disruption

Impact on resources and customers — Distributed eco-systems

Democratize, Customize and Bring jobs ‘home’ ?

Conceive Make Connect

Ubiquitous !
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The context of the Digital Transformation C International Initiatives
Heralding the impact of ICT* and loT*

PP Industry 4.0
i ¥ ndustrial revolut
£J kl=‘ Fourth industrial revolution for the

virtualization of manufacturing M facturing 2 0 25 6
anufacturing 50

Transi t imaded firmnChdi na t

i _ . @esignd6 i n Chi na
hNuﬂlgﬁwjlﬁi,f d ndustrie du futur 6
I I e . Transform the industrial model by
A digital technology

i

Ol nnovate UKO:

= =fInnovate UK i ve the
o~ hEIAV  Innovation agency to drive the

science and technology innovations

National Network for
Manufacturing Innovation
(NNMI) Improve US
Manufacturing Competitiveness

OHori zon 20206:
HORIZON 2020 = Funding program to support
S and foster research

Smart Factory !

e\n ICT*: Information & Communication Technologies i I0T*: Internet of Things
WWW.esi-group.com
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The Transformation of the CAE world
To « Industry 4.0 » with « CAE 4.0 + »
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The CAE-4 disruptive challenges:
from Product Management‘PLM”

to Product PerformancéePPL”

S

| Big Data !
VIRTUAL PROTOTYPE
i Samsung N
“The SlnguI!ar“T"“T‘}f
w3000 | Ray Kurzweil — 2005 -
E Apple iPad —,
o
T 2500 |
e
= Busicam sadn .
CAE 1+2 CAE 3 o 2000 {  caleulator oning Nintande &4 sgie.
e caleulalar Apple iPod !
E 1,500 4 Minlenda 5
- any
As calibrated As built as tested E o pe Game Bay  pyaysiation —
per Silo per Component 3 1000 i ffﬂ:um '
= BElackBarry A50
Alvsis & Simulatia }/irtualllt?rgtotype 500 e\n
for design and validation or mutti-domain evierign’®
Pre-certification
o J [] [] (W) [] .
1970 1975 1780 1985 1980 1995 2000 200% o
Source; Inbal, variows reparts
Product Development Management
A.l.: Artificial Intelligence T M.L.: Machine Learning i D.L: Deep Learning i 1oT: Internet of Things
e\n HPC: High Performance Computing 7 ICT: Information & Communication Technologies - IVE: Immersive Virtual Engineering

get it right®

Copyright © ESI Group, 2017, All rights reserved.

WWW.esi-group.com

G.HC.17.016.A.



The CAE-4 disruptive challenges:

from Product Management‘PLM”

VIRTUAL PROTOTYPE

CAE 1+2

CAE 3

As calibrated
per Silo

Analysis & Simulation
for design and validation

Product Development Management

CJi

get it right®

As built as tested
per Component

Virtual Prototype
for multi-domain
Pre-Certification

to

Operational

>

Life

CAE 4

As faulted

as interacting

Virtual Twin
in its Usage Environment

Product Performance Lifecycle

A.l.: Artificial Intelligence T M.L.: Machine Learningi D.L: Deep Learning 1 IoT: Internet of Things
HPC: High Performance Computing 1 ICT: Information & Communication Technologies - IVE: Immersive Virtual Engineering )
Www.esI-group.com

Product Performancée'PPL”

HYBRID TWIN

CAE 5-6

Updated with
real life data

Hybrid Twin

For Outcome and
Performance

Copyright © ESI Group, 2017, All rights reserved.
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The transformation of the CAE-4 world
Hybrid Twin™

&g

Learning Decision

ML* Instrumented
Models Physical Asset

A

Apply

Data-driven

Physics-based

Virtual Twin Virtual Twin

Historical | pata | Sensor i_
¢ Data Lake i
\Auto-learniry
Math-based Machine Learning
Causamodels Empiricaimodels
0d/1d system model Reduced order models
3d/4d detailed models Faulted models
Foresight vs Hindsight Actionable !

get it right® Www.esi-group.com



The context of CAE-4 Transformation

The Art of Modeling foeruII Life Performzvance S I te UK
Exampleofthe? A VR | eoONAR CgAVYVu 'AIL\‘ [ilenzins
CAE 1/2 CAE 3 CAE 4 CAE 5/6
----------------------------------------------------------------------------------------------- o@:—i?i.'ﬂxi
. ANALYSIS & . VIRTUAL . VIRTUAL Hybrid Twin”"i
. SIMULATION | | FAB & | | TWIN | ' |

TESTING | DASHBOARD

Brunel g

e
: | : : | | | TWI
DESIGN & ! ! MULTI DOMAIN : VIRTUAL . ! :
! | ! | ! | DATADRIVEN !
CALIBRATION ! . MODELING . ENVIRONMENT ! b soLuton | /// 4
for for ! ' for for I
VALIDATION ! : PRE- : | OPERATIONAL : !
! . ! ' ! ! PERFORMANCE !
CERTIFICATION 4 | INTERACTIONS ! | : Outcome Value!

get it right® www.esi-group.com



The context of CAE-4 Transformation

Example of Hybrid Twin”: Data driven solution performance for “h dzil O 2vaus ¢

...........

Gearbox Evaluation

Results:

l iffness - Gear1 / Angle of Rotation - J2

Add a
4th Crank

WWW.esi-group.com

Natural Frequencies Noise and Vibrations Analyses

C SIMULALION X 1, G/
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The context of CAE-4 Transformation

Example of The Virtual Twin: Multi-domain modeling for fabrication and testing

Umbrella-U53

1/0.000000

Mecca
Giant Umbrellas

J Virtual Prototype Environment
“ Interaction
CJi

get it right®
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The context of CAE-4 Transformation

Motion of pedestrian — example of crowd flow

Collapsed point - there is not wil force any more

Environment
Interaction:
people

get it right® www.esi-group.com
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Smart Factory for fabrication and repair
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Smart Factory

Actionable factor: Right ‘Materials for better Quality products

Fabrication Maintenance Materials
/ Assembly Line / Repair / as used & damaged

“Engineering materials !

get it right® WWww.esi-group.com




Smart Factory for fabrication and repair - Component
Virtual Manufacturing Solution —

Wheel
Damper 9

Coil spring

abailt’

Fatigue

Crossmember Performance

Weld joints

get it right® Www.esi-group.com




Smart Factory for fabrication and repair

Structural Health Monitoring Solution — /\
Model Reduction Detection

for near-real-time
Damage 0 True No Call
PRESTINE

Damage D1 >0

AlfifelctsiVIalimtalinanecen!

: Damage D2 > D1
Damaged / Cracked n & ? ?

Continuous learning and improvement of || True Ga

Virtual . . .
data driven virtual model from real aircraft
- | |1
minese t : — 1 Billion colums of data == I R e N
ot . PPTT— il | [ — '
H§ - Ee s = . =
r-; ‘ Real Sensor | |

L

[ I )

‘ ;E— —

} Big Data

get it right®

eJi Interesting sub-signals
WWw.esi-group.com 21



Smart Factory for fabrication and repair

characterization of Engineeringmaterials

The Virtual Material Lab to climb the pyramid of models

/X o2 -
/MW L@/ 487\

/EE B\ [\

Experimental Simulation
Building Building
Block Block

CJS From ficoupondo, to felement®, to Acompon
WWW.esi-group.com
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Smart Factory for fabrication and repair

characterization of Engineeringmaterials

\ CRANTR

"\
materealify

[CmMkey to MmeTALS

Standards
1SO, ASTM, BIS

1)
Ab-Initio
% Materials
107° 4
Steel, Al, Composites
107 4
108 .
9 Molecular Specimen
1077 4 Dynamics Shapes & Sizes
1010] [

Tests

Tensile, Torsion,
Shear, Bending,
Compression,
Rupture

Solver specific
&
model coherent

Virtual
Material

Lab
e
CJi
WWW.esi-group.com

Scripts,
Mesoscale

; models, Unitc)ll
A Additive Layer Manufacturing
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Smart Factory for fabrication and repair
Fabrication of Engineeringmaterials —
Additive Layering Manufacturing (ALM)

Deposition

Strategy Design
Material Process
Properties | Window

Process Efficacy
&

Part Quality

get it right®
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ESI as a catalystand digital solution integrator

Within the Eco-system(s)

get it right® www.esi-group.com




ESI as a catalystand digital solution integrator

Autonomous

emnvitee Robots
G .
; Big Data
=

— @ Simulation  (D_/§

e~ N GO . DK %

Ma::?ai::':uering CAE 4.0 + @ 'm:l::‘:;:' ig;? . N
P, Combinational
or

.................. & Innovation

Cybersecurigy &

Computing

Industry Transfer

get it right® www.esi-group.com




Aeronautics

Focus
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ESI as a catalystand digital solution integrator
Expliseat: Getitright ‘a s b&f ialst 't est ed’

e J VIRTUAL SEAT
| | soLuTION

Titanium Seat Ergonomics-Comfort-Safety-Certification

O | g
Foam-Tissues-Composites-Metals-Assembly-

Achieved EASA certification at first try-out

get it right® www.esi-group.com




ESI as a catalystand digital solution integrator

Key partner of the Aeronautic sector

I Aerospace Factory Additive Manufacturing

Aeronautics Factory of the Future (UAF)

Embedded Systems and Advanced
Functions (SEFA)

AUBERT-DUVAL e \fi
ot it right*
zomcu ®
AEROSPACE

AddUp € Fusit

oo (9 [ Ficnen

S SAFRAN

SOlutions For Industrial metal Additive
manufacturing (SOFIA)

\
AEROSPACE Factory
Additive Manufacturing
auf dem Ludwig Bolkow Campus
J
\
J INDUSTRIE ¢ .
=7 FEUILLE DE \
) ROUTE DU FUTUR %Y woe
J

CJi
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Co-creation & Collaborative Innovation
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ESI as a catalystand digital solution integrator S SAFRAN

Aircelle

Virtual Reality Solution — Safran Nacelles

AVirtual real ity representas » hnol og
that will have an impact on the efficiency
of our developments.
The factory of the futurei s al ready he-x.

Nicolas Lepape |
GJ‘I Virtual & Augmented Reality R&T Project Manager eﬁ IC.IDO

Safran Nacelles
get it right® WwWw.esi-group.com 30




ESI as a catalystand digital solution integrator

.alnendtothe

Once pushed aside as an afterthought,
ergonomics Is now an integral part of airplane
design. The 787 program is taking progressive
steps to integrate ergonomics into the design
and the build process of the new Dreamiliner.
by William Cole

ADue to I ncreasmagoncwar eness of

and advances in design capabilities, _ .
we now have a seat at t he | &dabprafive Peenrevievy

O

e Rich Gardner
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CORAC

Aéronautique

ESI as a catalystand digital solution integrator

Growing Eco-system

Environnement
Recherche

Innovative propulsive

) ) Architecture
Innovative propulsive

systems

\ %

Co-creation
Integration
Innovative nacelle, & Transfer
structure and
) . Era{ N
integration /91, 4
(”’- - get it right® Virtual
s \
il Ry Test
~ (77
CE0 ALTRAN /[Prevysys LIEBHERR S SAFRAN Y
e ﬁ A passauLr  AIRFRANCE # %)

get it right®
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Take Away
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Take Away: The Digital Transformation ¢ 1/2

The Outcome Economy :

A Solutions Performance
K Enterprise = Eco-system
K Customer 2 Anonymous
K Jobs = Ubiquitous

A Industry 4.0

K Smart Factory
A “‘As built’ ‘as tested’ theory/causalbased modeling
A Data driven modeling update
A Virtual Lab for Engineeringnaterials

A CAE4.0 +

K Virtual Prototyping
A Multi-Trade chaining per Domain
A Multi-Domain integration per Component within Systems and Operational Environment
A Immersive Virtual Engineering (IVE) for Collaborative Peer review

get it right® www.esi-group.com



Take Away: The Digital Transformation ¢ 2/2
The CAE-4 Outcome Value Proposition

Virtual
Prototype Theory
based
i . &
PLM i nAs bullt Data driven PPL
: : As Test edo ® :
Product Lifecycle ! undated LR Product Performance
Management | P | Sy Lifecycle
| for | P
' Pre-Certification ! | fAs usedo
| | >  arepaired
i i i In real Operation
Product Development Lifecycle Product Performance Lifecycle

get it right® keep it right and use it right
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Smart Factory for fabrication and repair ¢ Assembly Cell
Hot forming - AP&T

APT

AUTOMATION - PRESSES - TOOLING

get it right® WWww.esi-group.com



ESI as catalyst and digital solution integrator

nk éiyou for yo
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