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* Why do | need to archive MBSE data?
* What MBSE data do | need to archive?
e How do | archive MBSE data?

e Summary




Audience Participation
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Hands up if you have:

* An MBSE project?

* Multiple MBSE projects?

* MBSE Archive and Retrieval activities?
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Why do | need to archive MBSE data
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* Regulations and Authorities
* Internal procedures
* Reuse

* Supporting V&V
* Models to requirements |
* Requirements to models

Sub System Layer

Design *

Implementation Layer




Issues around archiving MBSE data
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 Geometry model focused

* Vault everything
* No thought about retrieval

 Contextual information not archived
* e.g. rationale for decisions

* Multiple MBSE initiatives
* No unified approach

eo u .cation
nnnnnnnnn

Sub System Layer

Implementation Layer
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Moving towards an MBSE approach

Global Product Data Interoperability Summit | 2019

Document based Model based
Systems Engineering Engineering
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Arriving at an MBSE approach
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Model Based Systems Engineering
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MBSE — Network of links

Global Product Data Interoperability Summit | 2019
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MBSE — Vast range of types of data
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MBSE Example
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----------- Qualification

Integration
& Test

RS Qualification

Definition A\

Sub System Layer CO”CEP?\@V Inte jration

and ; J. Test
Design

Implementation Layer Impiementation gy
Example from ‘«/ (

GPDIS 2018 MBSE workshop 2
A

J
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MBSE Example: Problem Overview
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Bicycle
Manufacturer

Manufacturer wants
- to reduce cost

.~ ~... Decides on J

J - Common parts
L
Decides on
. Common Crank Set
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MBSE Example: Process steps

Global Product Data Interoperability Summit | 2019

7 A)\\)
Understanding Existing Requwements/ \\» f
# MBSE data - overview (\«:) X rement QP ERAE idation _
-
MBSE data - more details e
/§>\\» System p
- Requirement Definition and Valldatlon\\\‘ T el
- MBSE data — overview - Q.\j/ Req“’f‘?”.’e”
(\ \\ e P Definition
i \\ Sub System
« Design and Requirement Verification \\> Layer
- MBSE data - overview “Q\‘
< ?/’// Implementation Lay
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MBSE Example: Understanding Existing Requirements (overview)

Global Product Data Interoperability Summit | 2019

_ - Bicycle

10 » Manufacturer
a5

Manufacturer wants
to reduce cost

MBSE:
. Retrieval from Archive
.{' e '\.,unllnunp'l’tS
 —
L\';Cldes on

)

>ommon Crank Set |

~
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MBSE Example: Understanding Existing Requirements (overview)
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' System MEnvironment
of interes \ System '

Breakdown: w 3

Justification
e o -

Model as
Realization

-

Physical , ' Model dependency

Logif:al, ' " Integration Model .«
Functional : - -V R I -
o " Interface Model

——

Needs

. E Properties ‘ Loads Model ; Geometry Model
n e —een T waE W — S
_ 4 Key Values Behaviour Model Analysis Model
Margin : r—
Results Model » System Model

Relationship ~ Allocation

—— v eam—

-
_ — Operations Model |
. Evidence = Source 'QTQ Q
| e Test ¥y '
. -

_
N
-.". } ? GPDIS_2019.ppt | 17



MBSE Example: Process steps
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- MBSE data — overview - Q.\’ Req“’f‘?”.’“"”
S \\ o ) Definition
POAN Sub System

- Design and Requirement Verification & Layer
- MBSE data - overview /Q\‘/
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MBSE Example: Understanding Existing Requirements (detail)

Bicycle Physical, Logical, Functional breakdown

Global Product Data Interoperability Summit | 2019

Bicycle (Physical)

1 1 1 1 1
...Brakes, Seat, ain,

]
Frame Pedal Crank | |
Bicycle (Logical) In Service In Production

_H [ T T
System System System — ropulsion
stem
Force input Front Braking —leEhle Dy )
/ \ B system B system | Gl Provide
=1 Seat post Crank set Jl Brake lever system Adjustment .
4 : Ele~licity
Loa}sd gg?nsfer LN Regr 3;‘:'”9 Distribution 4

\ y y y system

 S—

Speed ratio Actuator =waeninel Allocations between 4
e e breakdowns, can be generic
(as shown) or in context of a

— Reg;s”tgeming specific bicycle “architecture”
[

System of interest Bicycle (Functional)
' provide transportation

Component
‘ Sub-system

vw AAAAAAAAAAAAAAAAA 2019
& INTEROPERABILITY
¥ asumMMIT




MBSE Example: Understanding Existing Requirements (detail)

Generic Environment Physical breakdown

Global Product Data Interoperability Summit | 2019

\(‘ Properties allocated to
> 4 breakdown elements in

7 .| context of “architecture” Environment (Physical)
! ‘ ]

|
|
|

| |

1
| | |

Environment System

Water depth

-~ 0%-35%

-
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MBSE Example: Understanding Existing Requirements (detail)

Top Level Requirement allocation (Crank set weight and cost)
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Bicycle Top Level Requirements ' BiCycle (Functional)
— | . : X n X — prowdetransponatlon
Bike Weight Bike Cost Payload l Maxhuman| | | - -
weight input force i J—— =
v . I h andicbar H |
Drive train Drive train Human g e e Fra
. t Weight | cost | lecticty .
Crank R areaioas kh?E?wahln N enihcation,
..’/L J \\., ‘ = ]
| Crank set -
‘\,&We'ghtmax | . |
Requirement allocated to %
Requirement elements in the breakdown in the JY
context of a bicycle architecture, J
indicate that the elements ¢
should satisfy the requirements 'In l \‘I
)
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MBSE Example: Understanding Existing Requirements (detail)

Traceability of emergent requirements (Crank set loads)

Global Product Data Interoperability Summit | 2019

Bicycle (Functional)
Environment (Physical) provide transportatlon
1
' 3 =
1 Pluvlde
Adjustment

Bicycle Emergent
Requirements

A

oats ||

Drive train
loads

Loads Model \ Crank

Model linked as Requirement Source T
Model has traceability to other models JY Clan el

Model acts as verification evidence of
Top Level requirements
Models linked to breakdown A\ —
Requirement to be satisfied g T




MBSE Example: Understanding Existing Requirements (detail)
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MBSE Example: Process steps

Global Product Data Interoperability Summit | 2019

/ A)\\)
* Understanding Existing Requirements \\»
- MBSE data - overview (\«‘) ___________
QM
 MBSE data - more detaills A System Cownt\ " ferificatio
/\\5\» [ , and
Requirement Definition and Validationgsh- ayer
(N2
MBSE data — overview //»Q'
W .
i \\ Sub System
 Design and Requirement Verificatioh \\> Layer
- MBSE data - overview “Q\‘
< }// Implementation Lay
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MBSE Example: Requirement Definition & Validation (overview)

Global Product Data Interoperability Summit | 2019

Bicycle
Manufacturer

Manufacturer wants
- to reduce cost

.~ ~... Decides on J

J - Common parts
L
Decides on
. Common Crank Set
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MBSE Example: Requirement Definition & Validation (overview)

Global Product Data Interoperability Summit | 2019

- Bicycle

= Manufacturer
a5

Manufacturer wants
to reducegcost

Decideg on

MBSE:
New for Archive
+ Links to existing archive

Decides on ‘
Common Crank Set )
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MBSE Example: Requirement Definition & Validation (overview)
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Model as

Realization

Breakdown:
Physical : , W Model dependency
Logical, —— ) F2ia 2 -

Functional -ﬁ' “ ,.'..__;
' . Person

" Integration Model -
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Interface Model
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MBSE Example: Process steps

Global Product Data Interoperability Summit | 2019

7 A)\\)
* Understanding Existing Requirements \\»
- MBSE data - overview (\«‘) ___________
e
- MBSE data - more detalls P \. System S, erificatio
NP ;
+ Requirement Definition and Validationgsy>~  Laver
(N4
- MBSE data — overview //»Q'
W .
i \\ Sub System
esigh and Requirement Verification \\> Layer
MBSE data - overview “Q\‘
< ?/’// Implementation Lay
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MBSE Example: Designh and Requirement Verification (overview)

Global Product Data Interoperability Summit | 2019

| _ Weight increase fof)}s small
LWeight OK | W Weight less thanAoriginal
/ - Outweighed by cost reduction
—& )

¢
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MBSE Example: Designh and Requirement Verification (overview)
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MBSE:

New for Archive '\ )

+ more links to existing archive
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MBSE Example: Designh and Requirement Verification (overview)

Global Product Data Interoperability Summit | 2019

System
of interest

Breakdown: Sub- system Ly _

Physical R ‘.

Logleal, Conent " Approval &S Integration Model .«
Functional . -é" < : e <

@ Orgnlzat|on .,; Interface Model

Needs C Requwement ) .

- i o’ e w _—
== Properties _‘ Loads Model Geometry Model
L Validation ww
» BehaV|our Model
w Satlsfactlon

Results Model System Model

4 Operatlons Model

Relationship - AIIocatlon ',';w

Quallty

_ Source e

vy Report

h 5
Ly £
Quialification PN

e —

Analysis Mode

g erresy ?‘%201 9 Certification ™

GPDIS_2019.ppt | 31



MBSE Example — Summary
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Simple Example: Already a

MBSE Data overview Partial V-Cycle complex problem
2

System¥Cla 1 N4
4 L and &
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Agenda
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* Why do | need to archive MBSE data?
* What MBSE data do | need to archive?
-How do | archive MBSE data?

e Summary




High level requirements for archiving and retrieving MBSE data

Global Product Data Interoperability Summit | 2019

* Archive all the “required” data
* Not just the models but also the links between the models

* Ability to retrieve usable data in N years time
 Where N can be greater than 50

- Use standard processes
- E.g.1SO 14721

 Use standard data formats
* E.g. ISO, W3C, OMG etc

* Exploit existing work in the area
 E.g. LOTAR project




LOTAR — Long Term Archiving and Retrieval

Global Product Data Interoperability Summit | 2019

Americas Sector Chair European Sector Chair
Boeing Rick Zuray Airbus Jean-Yves Delaunay

Hosting organization
ProSTEP iViP

—
TSC

Technical Steering Committee

Hosting organization Hosting organization

AlA ASD-STAN
AlIA-EMC ASD-SSG

Hosting organization

PDES, Inc.

| ar
TAC

Technical Advisory Committee

ertification Authori LOTAR |ntel’nati0na| ertification Authori
FAA Project Group EASA
Voting Members
Associated Members
Contributing Members National
DoD MoDs

Vendors & Implement. Vendors & Implement.
CAXx-IF xDM-IF
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LOTAR Goals for Archive and Retrieval

Global Product Data Interoperability Summit | 2019

/RZER\ International

Iso Organization for

NS Standardization

AmACOO®v

» Develop a standard series

« ASD-STAN: European Norm (EN) 9300-xxx series
- AlA: National Aerospace Standard (NAS) 9300-XXX Series 1014721 MANAGEMENT i er——

« Standardize Methods and Processes
* Provide recommendations for industry
 Enable COTS

 via Funded Pilots + Implementer Forums




LOTAR — member companies
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Member Organizations:

« AFENeT

 Airbus Commercial Aircraft
* Airbus Defence & Space

* Airbus Helicopter

« BAE Systems

« Boeing

« Embraer

- GE

 Gulfstream

 Lockheed Martin

« SAFRAN

 Sandia National Laboratories

Solution & Service Providers:

« ACCR, LLC.

« ADV/DM

 Autodesk

« Cimpa

« CT CoreTechnologie
 Dassault Systemes
 DataKit

» Elysium

 Eurostep

* International TechneGroup

 Jotne EPM Technology
 PROSTEP AG

« PTC

 Siemens PLM
 Techsoft 3D

« Theorem Solutions

Contributing Members:

* NIST

 Purdue University
 Wichita State University

www.lotar-international.org/lotar-

organization/member-companies.html

GPDIS_2019.ppt | 37


http://www.afnet.fr/
http://www.airbus.com/
http://www.defenceandsecurity-airbusds.com/en_US
http://www.airbus.com/helicopters.html
http://www.baesystems.com/
http://www.boeing.com/
http://www.embraer.com/en-US/Pages/Home.aspx
http://www.ge.com/
http://www.gulfstream.com/
http://www.lockheedmartin.com/
http://www.safran-group.com/
http://www.sandia.gov/
http://accr-llc.com/
http://www.advanceddimensionalmanagement.com/
https://www.autodesk.com/
http://cimpa.com/
http://www.coretechnologie.com/3D_CAD_Conversion_Data_Healing_Transformation
http://www.3ds.com/de/
http://www.datakit.com/en/
http://www.elysium-global.com/
http://www.eurostep.com/
http://www.iti-global.com/
http://www.jotneit.no/
https://www.prostep.com/
http://www.ptc.com/
http://www.plm.automation.siemens.com/en_us/
http://www.techsoft3d.com/
http://www.theorem.co.uk/
http://www.nist.gov/index.html
http://www.purdue.edu/
http://www.niar.wichita.edu/
http://www.lotar-international.org/lotar-organization/member-companies.html

LOTAR International project Technical Working Groups

Global Product Data Interoperability Summit | 2019

Mechanical 3D CAD with
Product and Manufacturing
Information (PMI)

Product Data
Management (PDM)

Conce% Definition/ Develop Production/ InServic?/ Disposal/

Composites and
Advanced Manufacturing

3D Visualization

STEP:
AP203 Des’i\gsned Plaﬁ%ed BAus?n Mair?tgined J ' '
22;2; STEP AP239, AP242 STEP AP203 AP242
: Requirements and
EN/NAS 9300-1xx series 2004 > || EN/NAS 9300-2xx series 2004 > | EN/NAS 9300-3xx series 2009 > Compliance Documents 2012 - 2017
Wiring Harness Meta Data for Engineering Analysis MBSE
Archive Packages and Simulation
AP239 Implementation Loy Sty
AP242 STEP AP233, AP239, AP242, AP243
E 2 ’ 7 /4
STEP AP209 | FMI, SysML, AADL. ...more...
} EN/NAS 9300-4xx series 2012 > EN/NAS 9300-21 2012 > EN/NAS 9300-6xx series 2014 > || EN/NAS 9300-5xx series 2018 >

Common Process and Basic parts

EN/NAS 9300-001-099 series
2004 >

AMACOORT

MANAGEMENT
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LOTAR MBSE WG - standards under consideration
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* 1SO 10303:

ISO International « AP232 — Technical data packaging
qoaizeon o - AP233 — Systems Engineering
 AP239 — Product Lifecycle Support

 AP243 — Collaborative aspects of MBSE

T

OBJECTMP’.NAGEMENTGROUP 1 SySML
INTERMNATIONAL * AADL
Vol » Modelica:
MoDELICA L :
 FMI - functional mock-up interface
. more ...




MBSE for PDES — Proposed Standards Roadmap
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Static Maturing/Implementing Planning
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s ’\__/ —>(_AP233e27
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< - — I . Needs
N )/\ AP242  w(_ AP262ed2 v -
QM - (,‘__-,..»-;2;9‘._,__7_7_\ > AP23%ed2 ) ~ LoTaR \)
— e . e Protocols
— e MBSE
Deployments

Modelica

QApzsz B —
MIL-STD-31000x
il (  NAS9300-500 "‘)——b/\NASQ300-520 )—-}KNA59300-5XX)

Integration and Linking

ki

Anglysis and Architecture Authoring

Simulation

‘

Requirements
Management

MBSE community
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LOTAR MBSE Working Group — Planned parts breakdown
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* 500: Fundamentals and Concepts

- 510: Requirement management “text, graphics, table based” and
“parameter based” information

« 515: Validation and Verification requirements information
(expanding Part 510)

« 520: Analytical models described by specification or executable
code, containing differential, algebraic and discrete equations

« 530: Models defined using architecture description languages
(ADLSs), ISO 42010, e.qg. industry standards: AADL, SysML, UML




LOTAR MBSE Working Group Status
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* Meetings / Workshops
» Kick off meeting Q4 2018
* Three F2F workshops
 Bi-weekly teleconferences

* Deliverables
 Draft P500 (MBSE concepts) created
« P520 (Analytical models) will be developed next
« Use Case demonstrators being specified for development in 2020

* Contact the following to be involved:

Mark Williams Ad Murton
The Boeing Company Airbus Operations Ltd
Mark.willlams@boeing.com Adrian.murton@airbus.com
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LOTAR Parts coverage on Bicycle example
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PDM 2xx
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Weight,,.x 3D CAD lXX
PDM 2xx

Costax
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Decides on \ kR | oads
Common Crank Set i i

Analysis 6xx

i

Manufacturer wants
to reduce cost

Loads \ -!-30,"‘_0 ‘

j Decides on
/ Common parts

) ‘ Loads l +10% ‘
Cost i -10% J ‘ |

Weight | | +5% |

Weight increase foE)s small

: Weight OK | ¥ — Weight less than ‘ original
N AnaIySIS —fﬂj’ ( Outweighed by cost reduction
\ Existing domains '
7 \ for archive
2

- |
, I 2019 cror.ason 2
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LOTAR MBSE parts coverage on Bicycle example
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PDM 2xx

- Bicycle

)-F? Manufacturer -y
Tk X R 2D CAD 1xx Analysis 6xx

Manu turerwants
to redlice cost

Decides on
C Qmmon -

!

+30%

l\\

Decides on
Common Crank Set

Weight @R mht less hanAonglnaI

ase for))s small J

;{,_‘ MBSE arChive: A” Aﬂg)l(})/(SlS \‘\ l\ =—futweighed by cost reduction
\ aspects of SE including NS
MB SE 5X X \ multiple traceability
e links between elements
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Agenda
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* Why do | need to archive MBSE data?
* What MBSE data do | need to archive?

* How do | archive MBSE data?

-Summary




Summary
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* Why:

* To satisfy regulatory and business needs

« As MBSE becomes the default way of working, there is a need to

archive and retrieve the data

* What:
 The contextual data to support the model based lifecycle
* How:
« LOTAR MBSE WG - de facto lead for Aerospace companies

« Early days — opportunity to be involved and influence
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