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Key Takeaways

G Digital Twins: Enhancing Lifecycle
Performance

* Digital transformation and multi-disciplinary lifecycle optimization are
central to CIMdata’s mission and PLM definition

* The digital thread and digital twins are key parts of our Critical Dozen

« But while digital twins are being adopted, confusion still reigns about
digital twin technologies, benefits, and market opportunity

» CIMdata believes digital thread is critical to digital twin success

» While the market is hard to measure, opportunities exist across the
lifecycle

Defining PLM

; Digital transformation of the lifecycle, enabled by
A the product innovation platform

Portfolio &
Program
Management

PLM is...

* A strategic business approach powered
by a consistent set of solutions

* Enabled by product innovation platforms
that support the extended enterprise

» An approach that spans the full lifecycle,
from idea through life

* Enables a set of evolving functional
domains orchestrated by an extended
enterprise-level “systems of systems”
approach

System

Ideation

System
Realization

Service
Management
Quality
Compliance

Profitability
Management S
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Digital Everything

0 Cited in Industrie 4.0 vision, smart connected
products one of the drivers

* Digitization

» Digitalization

* Digital transformation
* Digital manufacturing
* Digital thread

* Digital twins

* Origins in electro-mechanical
systems

Everyone is Talking Digital Twins
Started in discrete, twins are “fraternal” —
same phrase, very different meanings

(®aspentech
CREATING
A RELIABLE
DIGITALTWIN A Press Release ®
‘ ﬁ‘l’rimbl SYSTEMS & DESIGN OPINION |
2 e <
Why BIM s Digital Twins For
Needs P Hardware/Software Co-
= . A \ igital Twin
Digital Twins : 9 Devhelt;[:lgt |
A
The digital twin is an essential component of smart factories. FRANKSCHIRRMETSTER -:l
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Books Are Being Written...

With digital twins cited — clearly books are a
trailing measure

Google Books Ngram Viewer
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Definitions Are Everywhere...

Many on the first search page

Google "digital twin" X & @ Q 5 @

Google search on “digital twin”, 12 March 2024

Images Videos Shopping News Perspectives Examples Software In healthcare Vs > Allfilters ~ Tools SafeSearch ~

About 24,500,000 results {0.31 seconds)

A digital twin is a digital representation of a physical object,
person, or process, contextualized in a digital version of its
environment. Digital twins can help an organization simulate real
situations and their outcomes, ultimately allowing it to make

better decisions. 12,2023

McKinsey & Company
https:/iwww. y.com > y i ywh...

What is digital-twin technology? | McKinsey
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Organizations Emerging...

The Digital Twin Consortium the most
prominent

* Founded in May 2020, operated by the Object Mgt. Group (OMG)
» Steering Committee — BP, Northrop Grumman, Dell Technologies
* Broad set of working groups

* Aerospace — AlAA, GE, Lockheed Martin, Northrop Grumman

* No auto OEMs

* Only two PLM players (Ansys, Dassault Systemes)
 Academics, research organizations, small firms

digital twin

CiMdata Foresight Poll

How familiar are you with the Digital Twin
Consortium?

How familiar are you with the Digital Twin Consortium?

Never heard of it before

48%

Heard of it
32%

Knowledgeable

16%

My company is a member

3%
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CiMdata’s Critical Dozen

End-to-end Data & process | | MEQUETIEICLEY Bills of ¥ Model-based
connectivity management WELECEELNY / © information )y structures

//”’//V ey

~~ ClMdata’s Critical Dozen
/ The Top 12 Trends and Enablers
— of Digital Transformation A

Digital skills \ Digital
transformation 12 familiar, evolving trends & key enablers of digital / thread/twin
transformation that you cannot, or should not, live without. //

7 /

P

N o A o«

Data ' Augmented | @ Big data & ‘ Changing views
governance intelligence analytics of “product”

But What Are Digital Twins?

Definitions vary, twins are “fraternal” — just
some example sources of many

Forbes “...a digital twin is a virtual model of a process, product or service.”

“A digital twin is a digital representation of a £ . “Adigital twin is a virtual representation of real-
McKinsey physical object, person, or process, dlgltal twm‘ world entities and processes, synchronized at
&Company  contextualized in a digital version of its o a specified frequency and fidelity.”

environment.”

@ ptc

“a virtual representation of a physical “Digital twin technology is the process of using data
product, process, person, or place A ALTAIR streams to create a digital representation of a real-
State of (commonly referred to as a spatial 2022 Digital Twin Report world asset to improve collaboration, information
Digital Twin twin)_that can mirror and measure its access, and decision-making.”
2022 physical counterpart.”
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What is the “Digital Twin Market”?

@ Depends on how you define the digital twin
and its application

* A recent market research report on the “Digital Twin Market” claimed it was
valued at US$10.1B in 2023 and would reach US$110B in 2028!

* Their definition?
e loT & lloT
* Blockchain
* Artificial Intelligence and Machine Learning
» Augmented Reality, Virtual Reality, and Mixed Reality
* Big Data Analytics
* 5G
» But NOTHING about creating the Intellectual Property (IP) that powers them

* More about smart connected products

https://www.researchandmarkets.com/reports/5146336/global-digital-twin-market-by-application

Altair Digital Twin Global Survey

® Statistically significant results from global
study, well-defined sampling frames

* 69% currently leveraging digital
| twin technology, 23% not
\ Global Survey Report ° 50% Claimed "h|gh|y
: knowledgeable” but 22% said
digital twin “confusing”

* Upper-level employees and user-
level employees understood,
viewed, and used digital twin
technology differently

\ ALTAIR

https://altair.com/docs/default-source/pdfs/altair_dt-global-survey-report_web.pdf?sfvrsn=b5aceaad_28
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CiMdata Foresight Poll

G What percentage of your customers are using
digital twins today?

What percentage of your customers are using digital twins today?

81-100%

61-80%

41-60%

How Did We Get Here?
0 Innovation part of human existence,
progressed to the scientific method (1 of 2)

« Humans have ideas, want to assess
them

e Started with “trial and error”

* Get a little more systematic, e.g., slow,
deliberate developments in building
techniques

* Romans famous for this approach
* Facilitated by Roman concrete
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How Did We Get Here?

G Innovation part of human existence,
progressed to the scientific method (2 of 2)

« Testing of life size items or scale models
» Core to a systems engineering (SE) approach

* Work on SE started in earnest in academia &
industry in the 1960s

* Focus on requirements definition & validation
and verification (V&V)

* Apollo built on Gemini, which built on Mercury

* Early twins (“mirrored systems”) of complex
electro-mechanical machinery done by NASA

Art Imitates Life - “Apollo 13"
Power-up procedure defined using mirrored
system back on Earth

https://youtu.be/x9kN_AEh58c?feature=shared
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Art Imitates Life - “The Martian”

Mirrored Pathfinder system at JPL used to
communicate with deployed system on Mars

NASA Space Programs Set Vision

Working in distant, disconnected
environments required mirrored systems

“The ultimate vision for the digital twin is to create,
test and build our equipment in a virtual
environment. Only when we get it to where it
performs to our requirements do we physically
manufacture it.

We then want that physical build to tie back to its

.« o . e o . John Vickers, M ;
digital twin through sensors so that the digital twin  \asxs National Centor for

contains all the information that we could have by  Advanced Manufacturing
inspecting the physical build.”

hitos://www forb 017/0. digital-t dawhyis:it-so-important/2sh=783735a22e2a
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Virtual Testing Informs DT Strategy

Left side defines real-world scenarios,
virtually testing can define DT scenarios

Real world feedback

Feasibility /
Market Concept
Assessment Exploration

Deployment Service End of Lifecydle
and and Disposition
Operations ~ Maintenance
—

yetem “Digital Twins”

Validation

System
Concept of
Operations

System Validation Plan

Cross domain\\

S

¢ High fidelity virtual
prototypes for product

Subsystem
Verification Plan

High-Level
5 3 Design functional V&V
K > Unit Test
Q. % Detailed Plan Unit / D
o E3 etaile nit / Device
g 2 Design >/ esting
o
- - - Stage Gate / Approval
Assembly & Component ———
Definition
Component Procurement
Time Line Adapted from: US Federal Highway Administration:

http://ops.fhwa.dot.gov/publications/seitsguide/
“Systems Engineering for Intelligent Transportation Systems”

Imglementaliog)

From the Cosmos to the Microscopic

Wide-ranging virtual testing pursued by
several players in the market

All Physics

Solids Fluids Electromagnetics Thermal Controls PRODUCT NATURE LIFE
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Image courtesy of Dassault Systemes
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Digital Thread

CIMdata’s preferred definition

* A communication framework that allows a connected data flow &
integrated view of an asset’s data (i.e., its Digital Twin) throughout its

Ilfecy_cle across traditionally siloed Ly
functional perspectives. S

e L Tasiie

- | Simulation

Digital thread is enabled and supported
by a robust end-to-end and connected
systems model and MBSE processes

Electronics
Design

BOMs, Regs, Configurations,
Portfolio, Change Mgmt... i

,Extracted from: hitpsy w.dodmantech.com/ManTechProarams/Files/AirForce/Cleared DT for Website pdf
Also see: http://www.manufacturing-operations-management.com/manufacturing/2016/04/what-is-the-digital-thread-and-digital-twin-definition.html

Collaborative Research Program

Study of the digital thread current state and
future trends

Sponsors
aras -eurostep-
e — W erocmuce 2\ Jama
e mmrmmmsmma PLM ACTION GROUP & softwarer
- & ptc SIEMENS
E S Objective
= e The A&D PLM Action Group members and the
e PLM solution provider sponsors share a common
e objective for this research —
B To gain understanding of needs and opportunities
i within industry that will inform Digital Thread
St solution strategy and roadmap Coprig 00
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CiM

AD PAG Digital Thread Research

69‘ AEROSPACE

& DEFENSE
5 5 5 PLM ACTION GROUP

Web survey plus telephone interviews with SEERI

practitioners

* Nearly 50% do not have a common definition

* Nearly 70% of survey respondents said reducing risk top motivation;
improving efficiency a close second
» Why digital thread prominent now?
* “product complexity has continued to increase substantially” (58%)

* “rising customer expectations, e.g., a desire to deploy digital twins" (46%)
* “new enabling technologies have emerged” (43%)

* “emphasis on time to market and the search for efficiencies” (42%)

https://www.cimdata.com/en/aerospace-and-defense/publications/digtaltwin-digitalthread/1310-a-d-plm-action-group-digital-thread-collaborative-research-report Copyright

Digital Twin

0 A digital representation of products and/or
services at any point throughout the lifecycle

* A virtual representation (i.e., digital surrogate) of a physical asset or
collection of physical assets (i.e., physical twin) that exploits data flow
to/from the associated physical asset(s).

- .

-

prany-- ..

_k‘

i —

Digital Twin of the Product

—

Digital twin is enabled and supported by a robust end-to-end
and connected systems model and MBSE processes

©  Adapted from input from ASSESS (see www.assessinitiative.com) Copyrigh
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Engineering Simulation Digital Twin

CIMdata’s preferred definition

* A physics-based virtual representation of a physical asset or
collection of physical assets (physical twin) that allows simulations of
the associated physical asset(s).

DIGITAL DIGITAL
EXPLORATION TWIN
DIGTTAL
PROTOTYPE Courtesy of Ansys Copyright

Many Types of Digital Twins

Key characteristics

* There are multiple digital twins for different purposes, each have
specific characteristics
* For example, data analytics digital twins, MRO digital twins, financial digital
twins, engineering digital twins, and engineering simulation digital twins
* Each digital twin must have a physical twin (i.e., a physical asset)
* A virtual representation can and should exist prior to its physical twin
* The physical asset can be a plant, a ship, infrastructure, a car, etc.

* Each digital twin must communicate with its physical twin
* It does not have to be real-time or electronic

28 Adapted from input from ASSESS (see www. .assessini tiative.com)
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A Key Part of Our PLM Definition

Modeling & simulation at the heart, enables
lifecycle optimization across disciplines

Modeling &

Simulation
Platform

Service
Management

Quality
Compliance

Portfolio &

Profitability
Management

Digital Twin Applications

Can operate at increasing levels of value
chain inclusion, scope, and sophistication

“Digital twins: The key to smart product development”, McKinsey & Company, July 2023

Value chain Engineering: ranging Production:

from product definition | encompassinga

tovalidationand release | product, its systems,

for manufacturing and its components
Scope Component: single, System: combination of

simple element withina | components that

product interact with each other
to perform a specific
function

Traditional simulation:
use of simulation tools
to perform analyses of
design performance

Sophistication | Data foundational:
linking of data from
various sources

Service: including

product sales through
end of life and recycling

Product: full product

consisting of all systems
and subsystems

Automated design

refinement: use of
predictive analytics and
machine-learning
technology to run
automated simulation
refinements and
automatically produce
optimized results

Closed-loop real-world

link: use of multiple
advanced simulation
models that react
dynamically to changing
environments, regularly
infused with real-world
data from manufacturing
and testing

Q
u
i::m@
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CiMdata Foresight Poll

What is the most common level of digital
twin applications in your customers?

What is the most common level of digital twin applications in your customers?

Component digital twins
33%

System digital twins
50%

Full product digital twins
e -

Other

Initiated CIMdata Research

Built on previous research and knowledge of
the PLM Economy offerings

» CIMdata opened two surveys on
digital twins
- * One for industrial respondents
e » The ideal respondent is knowledgeable
ST o about digital transformation, digital
=i T e S e s e thread, and digital twin activities
i T e = * One for software and service
ettt e providers enabling digital thread and
i digital twin capabilities
[ __oa | T
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Concluding Remarks

@ Digital Twins: Enhancing Lifecycle
Performance

* Digital transformation and multi-disciplinary lifecycle optimization are
central to CIMdata’s mission and PLM definition

* The digital thread and digital twins are key parts of our Critical Dozen

« But while digital twins are being adopted, confusion still reigns about
digital twin technologies, benefits, and market opportunity

» CIMdata believes digital thread is critical to digital twin success

» While the market is hard to measure, opportunities exist across the
lifecycle

Questions & Answers

What's on your mind?
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To Learn More...

G Please contact me with any questions or
comments

« Stan Przybylinski, Vice President
* s.przybylinski@CIMdata.com (or stan@CIMdata.com)
« +1.734.668.9922

* Webinars

* https://register.gotowebinar.com/reqister/5104865781159799821
* https://register.gotowebinar.com/reqgister/7316841290788001807
* https://reqister.gotowebinar.com/reqgister/8827263512293153116

* Publications
* https://www.cimdata.com/en/aerospace-and-defense/publications/digtaltwin-digitalthread

Defining What Comes Next in Digital Transformation

o Strategic management consulting for
AW competitive advantage in global markets

Serving clients from offices in North America, Europe, and Asia-Pacific

World Headquarters
Ann Arbor, Michigan USA
Tel:+1.734.668.9922

EMEA Headquarters Asia-Pacific Headquarters
Weert, NL Tokyo, Japan
Tel:+31 (0) 495.533.666 Tel:+81.47.361.5850
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