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Pace of Transformation & Disruption Accelerating

| L B mar nn iz : \ |
Material Advancements & }, . S ec ed Industrial Internet & Machine Learning /
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Additive Manufacturing .. , Industry 4.0 Artificial Intelligence >
. Hypersonic ‘
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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
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Current State Signals

Operating Characteristics
Temperature
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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 — 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

HHEHEHE

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
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Digital Thread Traceabillity Across Lifecycle
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What is the Digital Thread?

Worov 2 L ) O G “‘”
W10V 275 3 % Q
1001172 S) _X@Q\\ \

Meaningful Relationship Connections

Meaningful relationship connections between all of a product’s digital assets — and
their revisions over the lifecycle — 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 enterprise’s information architecture as opposed to a software system that is purchased, and exists both within

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?
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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
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Data Model Requirements for Digital Twin Configuration

CUSTOMER DEMANDS
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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, = Data Lakes
Analytics
Necessary context for = 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
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smart manufacturing

How innovative thinking in IT can revolutionize a long-established business

The Airbus A350 and other models in the company’s line benefit from the use of the "Greenhcuse” IT concept.

Airbus Creates a ‘Greenhouse’
for Digital Transformation

0 say that busing booming at Airb

an understatement, The glot: aft m:

supplies half the world's commercial aircraft, cur-

rently h KINgs for new jet airplanes in its com-

mercial division that total more than one trillion Euro, pus

ing out new orders to a 10-year waiting period. As a result,

ys 1o streamiine engineering, test, manufacturing

and quality to build faster and more effex

ve, making the busir

means undertaking a digital transformation so that teams
ss the enterprise can nd share product data

y and easily than ever before, It's the only way to

clear out the order backlog quickly while ensuring supernior
uct quality, s fa ating about the digital transfor

mation story at Airbus is not so much what they are doing,

but how they are doing it. The story highlights how innov.

tive thinking in IT can revolutionize a busi

astablished and global as Airbus.
Airbus relies on more than 1,000 point systems to

keep engineering, test, manufacturing and quality running

that Airbus IT re

needed to be me ized e

smoothly, It's these app
streamline the business. e question was how can IT en-

able modernization of any systerr hout writing code

from s nd taki ars to do it,” said Henrik Weimer

GPDIS_2022.ppt | 31
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INSITU

A Boeing Company

INSITU ScanEagle ™ iome  /
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: . - . MILLION %, OFRECOMD &
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Unmanned Air Vehicles

(0" [ O 1 6
ScanEagle Wingspan 10°

- — _______j[J
Integrator/Blackjack Extended Range

0‘416 0 | ' o'éwe'
ScanEagle3 Wingspan 13’ Integrator/Blackjack Wingspan 16’ RQ-21A Blackjack 16’

Wingspan 16’
Global UAS « -~
operators trained: Multiple aircraft platforms with ;ﬁ.?* field-swappable payloads
Globa:c custorrr\‘er base 9,500 TN
stmoeiin™ 10,000
J + Deployable field Unparalieled

ersonnel world-wide: (0)
28 OHFICS)FgEIR:{V%Es ON AVERAGE P250+ 99 / 0 3500

per month mISSIOn UAVS
COUNTRIES GLOBALLY Global Sites 47 rellablllty rate built to date

of Operation:
Shipboard Shipboard

Flight Sorties: Flight Hours: 27 127m USGG NSC _ﬁ_
8,000 60,000 different
class ships 277m Arse b
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." Edit :.:~ v .‘. sen
— ) LAV -4 UAV < Prev Next >
- lav-ooo0zuav Y v Summary
& vav i:: UAV Product Family UAV
&9 Nose Assembly ScanEagl Integrat S 3 RQ-21A Black Jack ==
agle ntegrator canEagle B ac Nose Assemb
9: Turret Assembly Turret Assem..
& Fuseiage 2. Nose Assemblies Strobe Light
Left Wing Fea
v.v Englne Assembly E0900, Articulating MWIR 3.5 WO Laser MWIR 3.5 WITH Laser
,‘, Left Wing Nose Assembly
& Fight Wing i.: Turret Assemblies UAV Product
Nose Assemb
,‘, Payload MWIR 3.5, WITH LASER E0900, 170X ZOOM, ONBOARD TRACKING MWIR 2 TURRET Tierak A ssdos
.‘. Control Systesn
% Strobe Light Turret Assembly
g‘ Installation Kit 2 Turret Assem..
g‘ Shipping and Storage Container Standard Mode 3C BLK E, Mode 3C SLICE,3.5IN LG
Fuselage

ii: Left Wing Features Strobe Light

Model D Verified Base Structure V2.3.0, Verified N

. Left Wing Fea
V2.2.0, NO-PAYLOAD, Verified Dual Band Antenna
ELEC, ENC2, FW, L-BAND, FMWS5.16, TCCR Trayless
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MORE INFO

Digital Thread — Digital Thread with Aras | Connect Everything

eBook — Unlocking Productivity Gains: The Case.for a Digital Thread

Case Study — Kawasaki Heavy Industries

Video — Lifecycle Traceability and.the Digital Thread

Digital Twin — Digital Twin.Core from Aras | Create, Manage, and Sustain Context

eBook— Managing Product as a Service with the Digital Twin

Aras ["www.aras.com aras
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https://www.aras.com/en/why-aras/digital-thread
https://www.aras.com/en/resources/all/eb-unlocking-productivity-gains
https://www.aras.com/en/resources/all/kawasaki-heavy-industries-product-development
https://share.vidyard.com/watch/xEFsQegLQWFmr3frigUJx5?
https://www.aras.com/en/capabilities/applications/digital-twin-core
https://www.aras.com/en/resources/all/eb-managing-paas-digital-twin
http://www.aras.com/

