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Pace of Transformation & Disruption Accelerating
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Material Advancements & }, . S ec ed Industrial Internet & Machine Learning /
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Additive Manufacturing .. , Industry 4.0 Artificial Intelligence >
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Smart Connected Future = Even More Changes

New Technologies + Next Gen Craft + New Business Models

More Systems-of-Systems & Machine-to-Machine

Introduction of Artificial Intelligence / Machine Learning
source: boeing e i - _ - x -...,v;;_- =
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Design Improvements

Performance Optimization

Predictive Maintenance
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Digital Twin

Performance

= GLOBAL PRODUCT
INTEROPERABI

Current State Signals
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Increasing Context Problem

TIME SERIES DATA ANABYAS 6 CONTEXT
Airspeed Hydraulic Pressure; brakes, flaps, spoilers, rudder, aileron, landing gear pumps SIMULATE — -
Altitude Weight sensors - landing gear \ Digital Twin Digital Thread
Barometric Pressure (electronic/aneroid) Turbines; RPM (N1/N2), Inlet- turbine pressure, Temperature, fuel burn « N . + .
z Outside Air Temperature (C/F) Voltmeter; cockpit, main bus, cabin, auxillary power, cargo, engines, APU SN ({0) nf|g u ratIOn traceab| I |ty
Fuel pressure (x number of engines) Generator meters (engines, APU) :
Fuel flow (x number of engines) Electricity Load (amp/hr); flight deck, cabin, cargo ; g
Cabin air pressure (psi/hg) Fire sensors; cabin, cargo, engines, fuel, brakes, electronics bay
Cargo air pressure; doors, bulkheads Carbon Dioxide; cabin, cargo \ o e S
= Cabin temperature; doors, bulkhead Magnetic Compass vores Dl [ sssiamsamsnssvvssivens [ wavesssss
Cargo temperature GPS (satellite / terrestrial) ) | e d '
Fuel temperature; fuel tanks, fuel pumps Radio Compass (NDB) . | "EssssmsEsssssss  emsssassemssan
Radar air traffic i TCAS Doppler radar; weather, lightning, downdraft (microburst) )
source: airbus ” d L ‘
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Knowledge = Information in Context

Stefane Gardmann

https://pro.europeana.euffiles/Europeana_Professional/Publications/Europeana%20W hite%20Paper%201.pdf
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2 Parts to Digital Twin

Digital Twin Configuration

\\// Monitor

@ @ Alerts

.....Z E Analyze

Digital Twin Performance




Risks Without Digital Twin + Digital Thread Context

Ramifications NEE

Loss of Life
Misdirected Actions Safety Issues
Liability
Brand Damage
Inaccurate Conclusions #* Regulatory Actions

Operational Shutdowns

Lost Revenues

Customer Frustration
Unnecessary Rework / Repairs

Misinterpretations

Risks increase exponentially with artificial intelligence



What is the Digital Twin Configuration?

General representation of
a family of products?

Just Mechanical?

As-Designed?

LA

e EE——— e — e e
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Digital Twin Configuration

HIHHER

Tail Number /
Serialized Instance

Mechanical

Software Electrical

exact digital representation of the physical asset right now
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Digital Twin Configuration Over Lifecycle

DIGITAL, TWIN

Ty

AL AS DESlm

Define Develop

BRED AS3XRVICED

REQUIRED HFUNCTIONAL ™ ASPLANNED ASBUILT




Digital Thread Traceabillity Across Lifecycle
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What is the Digital Thread?

N\O10 L’ 4 ' “%
0010’ - p \ “
WS 2o

N1~ =8
Meaningful Relationship Connections

Meani ngf ul rel ati onship connectionisanbet weer
their revisions over the lifecycle i across the multiple domains in the lifecycle within

and throughout an enterprise including the supply chain.

Digital thread connect data elements of products, bills of material, parts, software, electronics, CAD models, documents, requirements,
simulation & analysis data, verification & validation data, supplier specifications, technical data pack (TDP) contents, manufacturing process

plans, inspection & test plans, quality records, service manuals, maintenance records, and many other digital assets.

Digital thread is an attribute of an enterpriseds i nf oandeaxistslothwithmc hi t ect ui

and between data elements in different tools and systems from a wide range of vendor providers.
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Digital Thread = Meaningful Relationships

?

Part Part
]
Context o) ko
Bill of Materials?
FFF Alternates?
Other?
D d Rev A Rev A
e pe n e n Cy Part 123 Floating Part 123 Fixed

ﬁ Relationship ﬁ Relationship
Rem Rev C Rel A Rev B Rev C
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Are Digital Twin & Digital Thread Achievable?

Thousands of Existing Systems & Petabytes of Data
Users around the World

ource: gpdis 2015
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Regs
(DOORYS)
Reqs
(Jira)
Regs
(Other)

MBSE
(Cameo)

MBSE
(Rhapsody)
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Platform Overlay Approach

Docs &
Specs

(Custom)

Specs
(Legacy)

Low-code Platform Applications

Low-code Platform Services

Mechanical
Design
(Enovia) Software ERP

IBM SAP
Mechanical ( ) ( )

Design

(Teamcenter) ALl

(Workday)

Software
(GitHub)

Software
(ClearCase)

Bids &
Orders
(Custom)

Orders

(Legacy)

Mechanical
Design
(Metaphase)

EAM
(Custom)

Quality

(Pilgrim) EAM

(Legacy)
O]VF:1114Y
(Custom)

Quality
(Legacy)

Maintenance
(Maximo)

Maintenance
(Legacy)
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System-of-Systems Architecture

Requirements
Architecture

Systemn Software ‘ Mechanical EE Sim | DiFa

Enterprise

Avoids Risk / Disruption

Product

of Rip & Replace

Not just Links,

Team Data

Meaningful Relationships

Authoring
Tool

Move Agile, Digitalize Faster,
Bi-modal IT

/1:. )

. TDM and authoring tool tighly connected . TDM ool | . Dr. Martin gper
B aotroringtool | T el e
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Platform Requirements for Tool-Agnostic Digital Thread

PLATFORM REQUIREMENTS CANNOT HAVE MUST HAVE

Ability to ingest data _
h h
AP oo Proprietary Closed APIs FULL + Open APIs

Integration :
l, ability to manipulate processes and Proprietary Data Models Open Data Model

data through exposed API / Services

Abili fil d
. oUtof AP | Services Obfuscated Data Open Data Access

Extensibility _
“ ability to build / extend functionality Static / Hard Coded Data Model DynamIC Data Model

leveraging COTS framework

source: https://www.cimdata.com/en/aerospace-and-defense/publications/obsolescence-management a&d plm action group platform requirements

must be able to openly connect to numerous tools & systems
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Attributes of Digital Twin Configuration

Digital Twin Configuration

Digital Twin Performance

Data Lakes loT Sensor Data




Data Model Requirements for Digital Twin Configuration

CUSTOMER DEMANDS SUPPLY CHAIN PERSPECTIVE
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Data Model Requirements for Digital Twin Configuration

CUSTOMER DEMANDS SUPPLY CHAIN PERSPECTIVE
A SN#6 A SN# A SN#6 A SN#6
o -
- Y - -
Y -G -G
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& & o & -
- &
- K K g
Low-code data model customization am
Highly Adaptable & Extensible &
) %
)
Open connectivity & interoperability OEM OWNEROPERATOR  TIERSUPPLIEF

Link / Federate with Legacy TARGET SCENARIO

e

Continuously Upgradable o = =

especially when specific & highly customized ? - 3
Digital Twin 1

Configuration
Asset Model P-4
(Persistent & Derived) % E %
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Aras Digital Twin Core for Configuration Management

—>
—

Digital Twin
Configuration Digital Twin
Performance

< > _
<+ =40 Exact digital representation

Federated of a physical asset Time series data

Connections : o from sensors
Data can be derived As-built / As-maintained
and persisted asset model

loT Sensor Data
: ﬂ, A Data Lakes
A Analytics
Necessary context for A Al / ML
analytics, visualization,
and simulation

Other

Enterprise —
Systems

aras
— INNOVATOR

Aras Partners
EE Microsoft T/—===
B Azure ===7=
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Product designs

Manufacturi/ng procésses

Quality tests

N N XX

Maintena'n,ce effectiveness

\\‘

» s\ -
Digital Thread Video ihttpsBXbit.lv/BeK-XBYQ_ N\ b



https://bit.ly/3eKx3YQ

Why are Dlgltal Twm & Thread Requwed’?

Industrial Internet &
Industry 4.0

- Smart Connected
Technology

A Y e

Artificial Intelligence /
Machine Learning

N

‘l
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B4 Kawasaki

Aerospace Systems Company

;

d l T = e S - :
, 'N ll‘l ‘l v g '.“‘n&
bose l“‘(g.g.’ N
P‘ R A '

- GLOBAL PRODUCT DATA '
A INTEROPERABILITY ZO Z Z CRDIS 20z RLIR0




.ppt | 3i

o
N
S
«
2]
[a]
o
]

source: airbus



