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T-7A Red Hawk
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Boeing MBE Taxonomy 7%*'4

Boeing MBE Taxonomy (Elements

REFE AT MBE Starter Kits
MODEL BASED ENGINEERING People /
RODUCT LIFECYCLE MANAGEMENT s> Training
PRODUCT LINE ENGINEERING

Processes

MODEL PRODUCT
BASED ANALYSIS &
DEFINITION SIMULATION

Tools / Apps

PRODUCTION
SYSTEM
ANALYSIS &
SIMULATION

MODEL BASED
PRODUCTION
PLANNING

Data

CYBER PRODUCT SUPPORT
SYSTEMS, AND SERVICES
NETWORKS , ANALYSIS &
& EMBEDDED SIMULATION
SOFTWARE

Enabling
Architectures

g
q-
o —
&
4 Z
82
EI.I.l

SUPPLY CHAIN SIMULATION
OPERATIONS
SUPPORT AND SERVICES

PRODUCTION / SUPPLY CHAIN

ELECTRICAL TEST AND e “9 Reusable
AND TIO 1
ELECTRONICS itk o& - Models

©
L0)

DIGITAL SYSTEM MODELS DIGITAL TWINS Legend
B Product Lifecycle Management

Domain Engineering

Operations Management

DIGITAL THREAD
N TECHNOLO! Support & Services
-— Enterprise Services

Capyight © 2019 Boewng. Al Tightss resexved. Approved for Public Release (RROI 19-00371-BDS) |8

Daniel Seal. et al., Accelerating the MBE Ecosystem Through Cultural Transformation, NIST MBE Summit 2020



Boeing Digital Enterprise Initiative

Boeing “Digital Enterprise” Initiative
TRANSFORMING HOW WE WORK AT BOEING OUR STRATEGY

o (X © - N 1 Common Architecture that easily
/ ¥ adapts to changing business priorities.

MU|tIdISCIp|Iﬂ(—.‘ First time Speed to Increased Top-tier Global Industrial o _.
collabaoration quality market revenue margins Champion DJEJJEEJJ lhread

Foundational Capabilities (Bedrocks)

>0 ° 3 Process Improvements that
" standardize the way we work.
HR

PLM MOM

Focused on Transforming

4 Agile Work Processes that drive
efficiency, productivity and faster insights.

1100 Where the savings “Out-of-the-Box” capabilities
@a 1010 will come from without the need for customization.

O'IO'I Technology Process
:j Culture that empowers cross-functional

el P D t D . collaboration through process, data and
echnology rocess ata ata technical integration across Boeing.

A company-wide initiative transforming Boeing through process
improvements, data management and technology enhancements.

Copyright © 2020 Boeing. All rights reserved. Approved for Public Release (RROI 20-162948-BDS)

Daniel Seal. et al., Accelerating the MBE Ecosystem Through Cultural Transformation, NIST MBE Summit 2020



MBE Supplier Engagement Framework

Explore to Realize

MBE Supplier Engagement Framework

Global Product Data Interoperability Summit | 2022

Unidirectional Exchange of TDP — build to model
Unidirectional exchange of Technical Data Packages (TDP) from OEM to
Supplier. Supplierfeedbackwill be requested and may contain model artifacts.

LEVEL 1
EXCHANGE

Digital TDP

Supplier

Supplier Feedback incl. Quality data
OEM <« i L |

Bidirectional Exchange of TDP - build to requirements
Bi-directional exchange of TDP. OEM piovides specification models. OEM
and supplierimpon, review and return different versions ofthe TDP.

i i
= = Supplier
i

LEVEL 2
INTEROPERABILITY

Digital TDP

mi

HouELCA

Digital TDP

LEVEL 3A

Co-development where OEM and supplier import, review and return a shared
COLLABORATION version of the TDP, under common Configuration Management (CM).

based on TDP

Common Config Mgmt. Digital TDP
Ay
—> % — W
v1.0  v2.0 \/
; [ag) (3 | €&— ]
i ) a ) 0 0'ELiCA SUppller

LEVEL 3B
COLLABORATION

Co-development in a shared “collabeoration vault”where TDF content is
managed. Common, PLM-enforced data Configuration Management is required.

Technical Data

o

upplier
Hub

based on PLM

non'ELlca

Copyright © 2022 Boeing. All rights reserved.

Platform level co-simulation

Joint simulation of behavior (executable) models to perform system or
platform level integration tests. Used in combination with other Engagement
Levels. Multiple variants: real time, distributed, cloud based. ..

LEVEL 4

DIGITAL
INTEGRATION

Integrated Digital Environment

«

l System A
i ‘ E Supplier A Supplier
OEM : i system model
d | W i ~__ /
5 [Tl g
Sim Platform % i

S ~ syetom

Supplier B Supplier

System model

GPDIS 2022 ppt | 24

Brenda Mark, Boeing



AGILE4.0 project workshop keynote — Hamburg Feb 15" ‘23 | T.Chevalier — Airbus Digital Design Manufacturing & Services technology roadmap owner Hi ! : SOZ AN
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repaort experiencing:

Global Trends | Digitalization

State of DevOps report 2016

* Speed =
2 drastic development lead time acceleration ™ o tnevXOps,

[time reduction @ fixed complexity] or [complexity increase @ fixed time]
* innovation on usage with limited technology improvements (e.g. iPhone, various C2B2C)
+ platforms or product lines (e.g. VW MQB)
* DevOps (e.g. GAFA's release rate)

* From Ecosystem to Ecosystems
2 more inter-penetrations, usable as launch platform to invade other ecosystems
reduced barriers to entry between distinct markets

due to pervasive digital common commodities across generalized cyber-physical systems
* partnerships to achieve integrated service
* rely on addiction rather than impediment
» generic cyber-physical digital bricks e.g. Android, loT...

* From Products to Services
2 rent/subscribe a service that continuously adapt to market digital economy driven by personalization

sell/buy the right product for the right market , physical economy driven by standardisation Quser
* market capture through proper positioning of addictive service in value chain, rely on addiction rather than impediment
* innovation on usage as important as on innovation on product &5 airbnb
* built-in capability to evolve service continuously (service lifecycle management), incl. product, logistics, execution... .
* From Hierarchical to Flat NETFLIX - e ‘*
> for data like for people el
find data through search/machine learning instead of classification, flexible/agile organizations E———— ﬁ;;g‘;z‘"' ﬁ;;:ﬂ“gﬁf s

+ digital continuity as a bus, not a hard wired system - =;
+ digital ::ontmmty spanning all the :ﬂata ecosystems ?..; .:‘ ~ T e
* From Fixed to Dynamic ,-,,L_ -
. . ieSee'sS, s
2 no or much less predefined formalized process/workflow P —

ean w Erotetaed irohyng vincus sclon

replaced by on the fly digitally optimized routing of actions
* dynamic development plan, built specifically from target objectives '.
» all data exposed, to be freely & dynamically analysed / used / combined in appropriate way '“‘“"”"""’“ - AI RBUS

Machre ieamrg routng vysiem



DoD Instruction 5000.97 Digital Engineering

B DODDIERF(CT A )L &K T D

Digital Twin

A computerized representation (integrated set of 09020,
models) that serves as the real-time digital B2 \ N
counterpart of a physical object or process. o Al ) o
4 N\ — .2
o / o
o
o L0
//o .-._A 1T \N ‘\
/ S 2 55 o e ~
ol —
/ 2”6 o N\
/ 7 ©0p00° \
¥ Y e N
/ ” Digital Engineering Ecosystem \
J \
v Infrastructure
Digital Thread Examples: / /
/ / « Hardware « Tools
« Requirements Analysis o/ e Software N Workiorce
« Architecture Development | ! o Netoorks
» Design and Cost Trades 'R/
« Design Evaluations and I | Approach
Optimizations ' * Processes
= System, Subsystem, and Component ‘ - Development, testing, manufacturing, etc.

Definition and Integration * Methods

« Cost Estimations

« Training Aids and Devices
Development

« Developmental and Operational
Tests |

= Product Support

modeling languages, etc.
* Practices
- DevSecOps, etc.

Data

- Model-based systems engineering (MBSE] \ -

Digital Model Examples:

* Requirements model

= Structural model

* Functional model

« Architecture model

* Business process model

= Enterprise model

» Human performance models
* Product life cycle models

Digital Artifact Examples:

« Specifications

= Technical drawings

« Design documents

« Interface management documents
Analytical results

Y5 A

Datamanagement should adhere to DoD Data Strategy goals — make data visible, accessible, understandable, linked, trustworthy, interoperable, and secure

Explore to Realize

DoD Instruction 5000.97 Digital Engineering
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€ DIGITAL TWIN Position Paper(2020) https://www.aia-aerospace.org/wp-content/uploads/Digital-Twin-
Institute-Position-Paper-December-2020-1.pdf
€ DIGITAL TWIN Implementation White Paper(2023) https://www.aiaa.org/resources/digital-twin-
implementation-white-paper/

¢ DIGITAL THREAD Implementation White Paper(2023) 13
https://www.aiaa.org/resources/digital-thread-white-paper
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Collaborative Artifact, Specification, Context
and Data Exchange (CASCaDE) -—

Joint efforts with prostep ivip, VDA, GfSE and PDES focus on harmonizing specifications for
the Digital Data Package (DDP) and Specification Integration Facility (SpeclF) within the
OMG’s standardization process

prostep IvIP

O O
O

K

= VD&
Standardization,
Collaboration,

Integration

4 Sponsoring Association Supported formats/standards

1 RFP @ OMG 44 + Companies CASCaDE
join the Submission Team

The CASCaDE project aims to enhance engineering collaboration by creating and exchanging standardized
digital artifacts and data across different domains.

Our goal is to support the digital thread by mapping semantic relationships between models and documents
and maintaining these links throughout the entire process.
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CASCaDE as evolution of the “Technical Data Package”

“Pathfinding TDP into

@paslms

Digital Data Partition & Full

Digital Data Package (DDP
(TDP) Digital Engineering” | Ve are “E;_l W co?npnant it OASCADE Development Assurance (Future)
| Early 2000s 2020 - 2024 2024-2026 (CASCaDE) 2030+ >
DATA MIL31000 Includes requirements, Industry standard schema Industry standard schema supporting
L] architecture. V&V artifacts. Supports main Industry Data V&Y, SafeW,_Traceablllty, CM and other
ADPezfggse) No common schemalontology standards for MBSE. and PLM key capabilities for dev. assurance

(Commercial)
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= TOOL

Copyright & 2025 Bosing. All rights resenved.

Packaging independent models.

Manual linkages
Manual metadata and views

Do not interpret models
Limited metadata
Limited change control
Limited views

Build standard, machine readable
“‘DDP” package (EL-3A)

Model and entity linkages

Model metadata and views

Can interpret model content
ISO AP243 metadata
Improved change control
Improved views
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Slide released under 24-182624-ETT RROI

Build/define standard, integrated
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Synced PLM systems (EL-3B)
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CASCaDE Project Structure GFSE ... VDA | " rpes, inc

https://github.com/GfSE/CASCaDE-Ontology TSN T3,
CCCHFEENOntologyh'DDPMManifest SchemalcRIREN 3 RiA
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S Credit: Michael Kirsch, Oskar von Dungern
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CASCaDE as interface between Digital Threaﬁfsc ‘ '_Jp VDA “' PDFS, Inc.*
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CASCaDE Ontology (WP2) scope benchmark

SysML v2
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