LOTAR 101

Jeff Klein - The Boeing Company
Bernd Feldvoss - Airbus Commercial Aircraft

GLOBAL PRODUCT DATA
INTEROPERABILITY

SUMMIT 2024

o

el NORTHROP
’ZL"”E"VG GRUMMAN | gu= =%y 108y " PDES, Inc.®

Copyright © 2024 Boeing. All Rights Reserved

Copyright © 2024 Elysium Inc. All Rights Reserved

Copyright © 2024 Northrop Grumman Corporation. All Rights Reserved

Copyright © 2024 Parker-Hannifin Corporation. All Rights Reserved

Copyright © 2024 PDES Inc. All Rights Reserved

Products. names. and company names are trademarks or reqistered trademarks of their respective owners.



Presenters Bio

Global Product Data Interoperability Summit | 2024

Bernd Feldvoss is PLM Interoperability Standards Specialist at Airbus in

Hamburg, Germany. Bernd joined Airbus in 1998 and worked as a Systems
Engineer where he was involved in the development of Data Exchange

Methods. During this time he participated in international working groups and

made a contribution to the “Airbus Concurrent Engineering (ACE)” project. He

was involved in projects including the launching of the A380 and establishing

cDMU between the UK, Spain, France, and Germany. Additionally,

In 2006, Bernd was appointed as the Team leader for Product Data Exchange

at Airbus Germany where he managed 15 internal and external employees.

He was appointed to his current role in 2022. As part of his professional life,

Bernd represents Airbus on numerous committees including; the prostep
ivipTechnical Steering Committee and the JT Open Technical Review Board.

He is also a member of the Global Collaboration Working Group in the LinkedIn
ClMdata managed PLM Aerospace & Defense Action Group. Email-
Bernd studied Computer Science at the University of Hamburg, where his  gerng. Feldvoss@airbus.com
focus was on Computer Aided Engineering.
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https://www.linkedin.com/in/bernd-feldvoss-0715859a/

Presenters Bio
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Jeff Klein is a current co-leader of the Long Term Archiving and Retrieval (LOTAR) consortium for the
development of the EN/NAS 9300 series of process standards, which are for the long term archiving and
retrieval of digital design data. In addition, he co-leads the Basic and Common WG and participates on the PDM
Implementor Forum User Group. Prior to these roles he was a participant and former leader of the PDM WG
within LOTAR. Prior to the formation of LOTAR, he was a participant on an AIA committee, which published SAE
ARP 9034, A Process Standard for the Storage, Retrieval and Use of Three-Dimensional Type Design Data.

He began his career at Boeing in 1989 as an electrical engineer on the 747/767 programs. He has worked on
the development of the 777 program, in Electrical Systems, in Systems Engineering, and in Engineering
Operations. His work on implementation of loadable software led to roles in configuration management and
industry standards development.

He is now the lead of a core engineering group which supports all aspects of Configuration Management for
commercial and derivative programs from Systems to Structures, and all points in the product lifecycle, from
development to production certification to in service support. He has been involved in the implementation of
multiple product lifecycle management systems and associated process and data standards. He has supported
and led activities to flow down and verify implementation of CM process and tool requirements to design and
build suppliers. He has coordinated with the FAA on Boeing’s implementation of CM.

In addition to LOTAR, he is a voting member on the SAE G-33 Committee, Configuration Management, and has !Emall' i i
contributed to the development of SAE EIA 649 and related standards for implementation of Configuration jeff.rklein@boeing.com
Management (CM). He is the SME for internal Boeing procedures which implement EIA-649 principles across

the Boeing enterprise.
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LOTAR Project “On A Page”
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 LOTAR is an international consortium of Aerospace manufacturers

Americas Europe

* Prime objective is creation and deployment of the (
EN/NAS 9300 series of standards for long-term archiving AI NDUSTRES ASD-STAN
and retrieval of digital data, based on standardized - N

approaches and solutions.

Industry Associations

G
L 0 T A R Membership Associations

\ A

" PDES, !ncj L I_'
prostep wip

* Integration of LOTAR requirements in software tools
ensured by close cooperation with:

MBx Interoperability Forum (MBx-IF):
— Facilitated by AFNeT, PDES, Inc., and prostep ivip

— Consists STEP Translator & Validation Tool vendors Requirements l, ‘t mr!:for ;;‘igffzds’q%of;r‘:;ﬁts
for of CAD, CAE, EWIS and PDM

— Supports AP203, AP209, AP214, AP239, AP242, AP243
Supports AP242 Business Object Model XML Fum
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http://www.lotar-international.org/
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LOTAR Timeline
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Late 1990s:

* AlAin the US and ASD-Stan in
Europe launched separate initiatives
for the Long-term Preservation of
Aerospace & Defense Digital
ProductDefinition Data

2000

» Start of the PDES, Inc.
LTDR Project (US) coord
w/ith AIA LTDR

[ —-—

2002

+ Start of the ASD Stan —
prostep ivip LOTAR Project
(Europe)

* IAQG* approved charter for
AIA/ASD Stan Joint Project

* AIA LTDR Published ARP9034

{ 2003
*  First joint team meeting of the

international AIA - ASD-Stan LOTAR
effort under the mgt of the IAQG* (MoU:

AIA/ASD-Stan)

2004

Launch of the 3D CAD and
PDM Workgroups

2005
First Publication of LOTAR
L?:asic Parts

>

g J 4

2006 3

» First Publication of
LOTAR Common
Process Parts

2009

+ Creation of the joint LOTAR
International consortium (AIA / ASD-
Stan / PDES, Inc. / prostep ivip)

* Launch of the Composites WG

* |AGQ: International Aerospace Quality Group

-
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LOTAR Timeline
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2012
 First Publication of LOTAR
Domain Specific Parts (3D 2021
CAD) 4
» prostep ivip, PDES, Inc. and
) Laungh ORISR roups for AFNeT announce cooperation
Elect.rlc e maafor 2015 in MBXx Interoperability Forums
Archive Packages, and 3D .
Visualization » Launch of the Additive
Mfg (AM WG)

S\ \
/J /7

: 2022
2014 2018  After 2,5 years due to
* Launch of the +  Evaluation of Model Based Covid first face-2-face
Engineering Analysis & System Engineering meeting in Charleston
Simulation Workgroup Requirements
(EAS WG) +  Kicked off MBSE WG
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Information Lifecycle Planning

Global Product Data Interoperability Summit | 2024 D I'iVi n g Qu eSti ons

Why are we
archiving
the data?

What is the
current data
format?

What data
should we
archive?

S How frequently
do we access
the data?

What is the
retention period
of the data?

/"

NE

format the data is
to be archived in?
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LOTAR Problem Statement
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With the emergence of digital data-based processes, including model-based definition, requirements were identified which
predicate the need for a long-term data retention solution(s) to meet the regulatory and business requirements. Traditional
legacy retention and retrieval methods do not support complex digital product definition data.

Advisory

Aeronautics Circular

and Space

PARTS 1 TO 59
99

4vised asof Jan 1, 19
Past ® - , Future
Code of Federal FAA Orders AC21-48 = B &
Begulations 8000.79, 8110.4 | . i
Paper-based process T Digital-based process
Requirements
Project Description Key Team Members: fLooemo
The project goal is to develop, publish and maintain standards designed to Team Leads and Represented Companies:
provide the capability to archive and retrieve digital product and technical LOCKHEED M’Al#’lﬂ ‘

information, including 3D CAD and PDM data, in a standard neutral form
that can be read and reused throughout the product lifecycle.

The standards are published as NAS 9300 US (EN 9300 Europe), series and
cover both the information content as well as the processes required to
ingest, store, administer, manage and access the information.

Boeing: J. Klein, J.C. Mendo, S. Galt, A. Bingcang, J. VanHorne

Lockheed Martin: J. Holmlund, M. Jahadi, C. Simpson Aviation
GE: Xuefeng Zhang

Gulfstream: D. Ganser, L. Nash Gulfstream

Raytheon: J. Ganguli, I. Parent
Airbus: B. Feldvoss, P. Duchier, F. Darre, K. Hall, T. Lindemann  HRayltheon

AIRBUS
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Regulatory requirements for LOTAR
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Document & Data Archiving is a legal obligation defined by external
requirements such as the FAA and by internal company policies.

= (EASA) EC No 748/ 2012 EC No 748/ 2012 Part 21A.107 EN9100

. Part 21A.55 Part 21A.105
Regulation Continued §4.2.4 Control of
. Record keeping for Record keeping for : : e
Requwe nents Type Certi ca%on MOdIflcaE[)IOI‘g] Airworthiness Records

14 CFR 14 CFR 14 CFR 14 CFR

US (FAA) Part 21B.20 Part 21B.41 Part 21A.3 Part 21B.49

I Records of Reporting of o
Regulation Conogords of i Tpe ngglsﬂcate oS Availability of Type

' requirements for Records of malfunctions and Certificate to FAA or
Req uirements T)?pe Certificate pllance+L|m|tat|ons) defects NTSB

The FAA and EASA have promoted efforts to harmonize the regulations,
so there are many similarities between them.

- PTEER 2024




FAA Advisory Circular (AC)
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« FAA AC 21-48, Using Electronic Modeling Systems as Primary Type Design Data

* 6.b. To use a 3-D modeling system, you must include answers to the following questions in your procedures
manual. These extra procedures ensure that the data created by a 3-D modeling system continue to meet

all the minimum requirements for using a paper format for the data, including access and usability.
* (1) How will the data integrity be assured throughout its life cycle?
* (2) How will users access the electronic data at the point of use?
(3) How will the user determine the approval status of the electronic type design data?
(4) How will the configuration of the final product be established?
(5) How will the 3-D modeling system ensure that the FAA approved data and released data available to manufacturing and
inspection personnel are easily distinguished from other data?
(6) How will the electronic type design data be transferred to the FAA when the certificate is surrendered or the holder ceases
to operate?
(7) How will the electronic type design data be transferred to suppliers and other outside users?
(8) How will the electronic type design data be used to support continued airworthiness?
(9) How will FAA, National Transportation Safety Board (NTSB), and other regulatory agency personnel get access to the
electronic type design data?
(10) How does the characteristics of the electronics type design data correspond to the original paper format?
(11) How will users be trained in using the 3-D modeling system?

(12) What attributes are required in the data file?
W INTEROPERABILITY
' *‘s,,SUMMIT2024
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NASA Requirements
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 The NASA requirements come from NPD 1440.6, NASA Records Management

* NPR 1441.1E, NASA Records Management Program Requirements. The current version is E (with
change 3)

» US laws drive our records requirements
» Disposal of Records, 44 U.S.C. §§ 3301 et seq.
* Records Management, 36 CFR, Chapter Xll, Subchapter B.

- = GLOBAL PRODUCT DATA
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The LOTAR project: Supporting the longevity of Aerospace & Defense 3D Model based definitions

Global Product Data Interoperability Summit | 2024

« CAD S/W versions change every 6 to 12 months, CAD generations change every 10 years.

* Aircraft lifecycle of 70+ years

» The Lifecycle of software & hardware is short compared to the lifecycle of an aircraft or a defense
system (nuclear missile...)

- PTEER2024



Motivation for LOTAR
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* Meeting the legal and business requirements of the aerospace and defense industry:

Legal Requirements Business Requirements
Product oy Support in Reuse
(Design)
use cases

 EN/NAS 9300 considers requirements from multiple sources:
* Legal and certification rules
* Regulations on long term archiving of technical documentation
* Design reuse
» Support in operation
* In addition to legal requirements, there are industry established standards, company specific rules
and recommendations.
 The EN/NAS 9300 standards define architecture, process and data formats to fulfill these

requirements.

’?‘
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Objectives & Benefits of LOTAR
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* Objectives include:
* Developing process standards for archiving and retrieval of product data
* Providing methods, process modules and data model(s), to enable long term archiving of
product data: CAD, PDM and additional technical data e.g., MBSE requirements, electronics,
software, etc.
» Developing recommendations for practical introduction of long-term archiving of product data
* Benefits include:
* Process security achieved through implementation of archival systems compliant to
internationally accepted standards
» Aerospace and Defense authorities accept standards due to intense collaboration during
standards creation
» Applicable archiving workflow supported by interfaces & functionalities based on open
standards
* By solving the challenges of long-term data retention, issues of data exchange are addressed

Development and use of LOTAR standards by the A&D industries allow for

decreasing the costs and risks of long term archiving of aerospace product data

- = GLOBAL PRODUCT DATA
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ORGANIZATION

Who does LOTAR work with?

© LOTAR 2024 | All rights reserved



LOTAR Organization
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Project Lead

The Boeing Company

JeffKlein Hosting Organization

PDES, Inc.

Regulatory Authority
DoD

Vendors & Implement.

Hosting Organization

AlA-EMC

External View

Hosting Organization

JAVAN ASD-STAN
ASD-SSG

Hosting Organization

Project Lead

Airbus
Bernd Feldvoss

prostep ivip

S

MBx-IF

LOTAR International
Project Group

Voting Members
Associated Members
Contributing Members

Vendors & Implement.

...-IF

Regulatory Authorities

—
National MoDs
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LOTAR Organization
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Workgroup Lead

Mechanical 3D CAD <——
& PMI WG

Workgroup Lead

Basic & Common <]
Process Parts WG

Workgroup Lead

Meta Data D —
WG

Workgroup Lead
PDM WG <

AlIA / PDES, Inc.

Aerospace Company

AIA / PDES, Inc.
&
Aerospace Company

Internal View

Project Lead
Americas

Active Members

Project Lead
Europe

Project Steering Committee

LOTAR International

Project Group

Voting Members
Associated Members
Contributing Members

—

—

—>

Workgroup Lead

Composites &
Advanced Mfg. WG

Workgroup Lead

Electrical
Harness WG

Workgroup Lead

Model-Based
Systems Eng. WG

Workgroup Lead

Eng. Analysis &
Simulation WG

ASD-STAN / prostep ivip

Aerospace Company

ASD-STAN / prostep ivip

Aerospace Company
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Industry Members
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AIRBUS @Lﬂﬂffmﬁ

.( ENBRAER GE Aviation

Gulistream -;‘:{- LEONRRDO

. \\ l/
LOCKHEED MARTIN 4’ & Pratt&Whitney = & RTX

2024



OAIS

LOTAR Baseline
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LOTAR Standard Foundation ISO 14721:2012 (OAIS)
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« “Open Archive Information System” (OAIS) Reference Model is basis for LOTAR

processes
- Developed by Aerospace and Defense Industry
- Extended to meet the specific requirements of LOTAR

Preservation Planning \

E / Info : Data Info g
0 Management - N
D result set . s
v - Archival Felers v
E Storage > ﬁEﬂ
R 'SIP AlP - AIP DIP R

Administration

MANAGEMENT

* As neutral data format for the archives has been chosen (STEP and other standards)

= . 4 o GLOBAL PRODUCT DATA
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Standards Development V Model

Global Product Data Interoperability Summit | 2024 LOTAR tO IF to PDES (STEP)

- The consortium of organizations involved with LOTAR take a systems engineering
approach to validate requirements and verify they can be implemented.

* The LOTAR (EN/NAS 9300) process standards are based on the Open Archive
Information System standard (ISO 14721).

* The Interoperability Forums, consisting of User Groups (e.g. Boeing, Airbus,
Gulfstream, Raytheon, ..., as well as automotive OEMs) and Implementer Groups (e.g.
Dassault Systems, prostep, ...) develop recommended practices based on LOTAR (and
other) use cases; using ISO 10303 as an exchange format.

* The ISO 10303 (STEP) and other data standards are used to verify the ability to
implement LOTAR use cases, and in turn are refined and developed to address
identified gaps.

L, = GLOBAL PRODUCT DATA
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LOTAR Conceptual “V” Model
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Verify successful
implementation
and
management of
data over time.

OAIS Reference Model
for an Open Archival

LOTAR EN/NAS9300

Capability to Verify

Process Requirements . -
q Archive Compliance

Standards

Information System and
supporting standards

Standards designed to provide the capability to archive and
retrieve digital product and technical information.

Verify adequacy and Verify Processes
compliance with meet intended

defined processes requirements
when followed.

Define and  [apes: Cases, User Stories
‘ validate Use

Cases

Develop Aerospace and Defense Test
Cases and representative Test Datasets

Verify data
Verify round trips of interpretation
Verify data and Test Datasets, ; .
y Recommended Practice CEIE Y apd out of preserves design
process archive intent across
solutions
OAIS Data Exchange and platforms
Interoperability Mechanisms Verify
LOTAR _ ISO 10303 (STEP) Aps _ _ implemented
- ‘ Identify gaps NEENNPECIPYPIPYEY Ve”fy:tor:li’ﬂigt il Giata conforms to
and define ) standards and
IF UG/IG solutions practices

Neutral Data Standards
(i.e. STEP)

. . Manage Data Standard
‘ Verify design Development Architecture and

and process .
_ process testing
solutions

PDES /

prostep-ivip
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Highlights and Challenges

LOTAR Project — 2024, Q3

Global Product Data Interoperability Summit | 2024

Highlights and Updates

* Part 7 published

* Part 10 in editing at AIA and ASD-STAN

* Part 100 revision and Part 210 first edition in final editing.

* Others in internal and external ballot.

* Using Redmine with CAX-IF to manage use case development.

Key Project Milestones

* Collaborating with Interoperability Forums and associated User
Groups to support various product domains: MBx-IF, PDM-IF,
MOoSSEC etc.

* Expanding the number of Use Cases and Recommended Practices
with the Implementor Forums.

* Common datasets for testing in development — MBE Demonstrator
and Mars Rover.

* Multiple LOTAR parts in pipeline for review and initial release.

Status

* 5 year roadmap and project plans developing updates for 2025

* Working to ensure integration of basic and common with domain
parts.

* Supporting STEP AP239, AP242, P4000, AP243 / MoSSEC projects.

* Alternating in person and virtual quarterly workshops.

* Continuing to engage potential new members and developing ways to
collaborate with other SDOs and associated organizations.

Challenges/Help Needed

* With the emphasis on types of digital engineering, digital thread,

there are increasing efforts to develop data exchange methods.
* Opportunity is to develop standards to support both exchange
and preservation.

* Need Subject Matter Experts (SME) and succession planning to
develop and grow sustainable experience base.

* European co-leader needed for Electrical Harness and EA&S

* Establishing charter for an Electronics WG

- PTERER2024



Last Upslate: 3033-13-05

5-year Roadmap LOTAR 5-Year Roadmap = g 1 R e T e

oo 0 WE Tille oo 02 | oF | o4
Global Product Data Interoperability Summit | 2024 F e : l l
11 i Structure

1.2 2 |Requiraments

1.3 L Fundamertals aﬂﬂfl'dfﬂﬁ'.{

14 | 005 [bulhenticaticn smd Verilivation

Upcoming Standard Publications 1 | 00 francenarehnectrs

arms and Referances

2 Comman Process Ponts

- Part 001, Structure, Ed 2

22 | 011 [Data Freparation
23 | 012 [ingest

Part 002, Requirements Ed 2 20| @3 et st

2.5 014 (Retrisval

16 015 (Resmeowal
- 2.7 | 020 |Gavemance & Planning
22 | 021 |mcts Data far information Fackage

- Part 005, Authentication and Verification Ed 2 o T

LL1| 190 |Commmen Concepts

A2 | 110 [Faplictt CAR Geamietry
- Part 007, Terms and References Ed 3 | 1 e cap vt Siuctie
314 | 120 [Explicit CAD Geometny with Graphic PRI
315 | 121 |explcik CAD Geometry with Semantic B
316 | 125 |Explicil CAD Axsembly Sneclure vilh Graphic P
107 | 126 |Ceplicit CAD Assembily SUTCture with Semantic P
- 318 | 131 |Explicit CAD Geametry anit Machining Form Features
3.13 | 137 [stnactural Joins for Assembly & installation
3.1.10| 14k |€Iimcrmatics

- Part 115, Explicit CAD Assembly Structure Ed 2 333| 1ee [srect et

310712 1xx [wWelding

- Part 120, Explicit CAD Geometry with Graphic PMI Ed 3 aon | 290 [eemmon concepts

A.5.7 | A5 |Product Data Valldation Properties
323 | 210 ["As Designed” Product Data

- Part 200, PDM, Common Concepts Ed 1 | i e e

325 | 230 |"Ax Bwillf Ax Maintzined” Product Data

LLE | 250 ["In Development” Product Dals

127 | 250 |"Unaciepted Changes'

EE Y Compnsites

- Part 205, Product Data Validation Properties, Ed 1 33| 500 [Cundamantat and cencares

327 | 210 (30 Compasste Exact implicit & appresemate implhicit

- Part 230, “As Built” Product Structure Ed 1 YYD e

1.4.2 | 410 |Physics] Elecirical Hamess for Desipn & Construction
345 | AP0 |Flectric Wiring Intercannection System Installation

- Part 300, Composites, Fundamentals and Concepts Ed 2 22| 422 | e Wiing ntccamcction sy Loghs! nformatin

35 MBSE

- Part 310, 3D Composite Exact Implicit & Approximate Implicit Ed 1|;::| [ sdcnes

Requirements

15.3 | 515 [(Requirements), Validation & Werification

- Part 400, Elect. Harness Fund. & Conc. Ed 1

355 530 |Architerture modals

150 | 580 |LEOM

- Part 410, Elect. Harness Design & Constr. Ed 1 5o | [enpincering Anahys & Sl |

61| 600 |Fundamentals and Concepts (Draft exsts]

18,2 | 610 |Zamalation & Process Dels Management The LOTAR Engimeering & Araipss Workgrowp s covently oo hold, Kewd steps will be pivoned when activilies in this damagin ove reswrmed,
- Part 500, MBSE Fundamentals and Concepts Ed 1 13 | 0 Jnstua Fnte renert s ot vt - [ 1 —— - | |

WP | s |Title af [ a2 (o [ [ea o [on o o [ [on [ [ o o [o3 o [om [ o2 [ o [ o

- Part 520, MBSE Analytical Model Ed 1 — ] s = 2o
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LOTAR WORKING GROUPS



LOTAR Working Groups

Global Product Data Interoperability Summit | 2024

»MACOO®D

2018 O MANAGEMENT 2004 .f'- 2004 O

2009
Basic & Common Pl\r/lozcuh;r;ﬁ?jl I\:jIZnCL:J'fA\a?:t\llJvrl;[rT Product Data Management Composites and Advanced
Process Parts 9 (PDM) Manufacturing

Information (PMI)

EN/NAS 9300-00x & -01x series EN/NAS 9300-1xx series EN/NAS 9300-2xx series EN/NAS 9300-3xx series

PLM System

System Design Architecture

2012 O 2018 [ 2014 O

Model-Bases Systems Engineering Analysis and
Engineering (MBSE) Simulation (EAS) (on hold)

EN/NAS 9300-4xx series EN/NAS 9300-5xx series EN/NAS 9300-6xx series

Electrical Wiring Harness

- PR 2024



LOTAR EN/NAS 9300 STANDARDS

LOTAR Deliverables



LOTAR Standards Overview

Global Product Data Interoperability Summit | 2024

Data Domain Specific Parts

Product
Management Composite
Data & Design & Electric Wiring
Configured Advanced Harness
Product Manufacturing
Structure

Engineering
Analysis
and
Simulation

3D
Mechanical
CAD & PMI

Model-Based
Systems
Engineering

Common Process Parts
(Common Process, Data Preparation, Ingest, Archival Storage, Retrieval, ...)

Basic Parts

(Overview, Requirements, Fundamentals, Methods, ...)

GLOBAL PRODUCT DATA
W INTEROPERABILI 2 0 2 4
; a2 SUMMIT




BASIC & COMMON WG

Fundamental and Conceptual Process Methodologies



Basic and Common WG

Global Product Data Interoperability Summit | 2024

Basic Parts and Common Process Parts

- Basic Parts
* Fundamental process requirements standards based on OAIS

« Common Process
* Process standards derived from the basic parts, common to all domains

» Goals and Objectives
» The specific goal of the Basic and Common Parts Working Group is focused on the fundamental and conceptual
process methodologies of long-term preservation of digital product and technical data.

= GLOBAL PRODUCT DATA
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3D MECHANICAL CAD & PMI WG

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

© LOTAR 2024 | All rights reserved



LOTAR WG: 3D Mechanical CAD with PMI (EN/NAS 9300-1xx)

Global Product Data Interoperability Summit | 2024

» Scope:
* The specific goal of the Mechanical 3D CAD with Product
and Manufacturing Information (PMI) workgroup is

focused on the preservation of the explicit 3D Geometric 1 wn
shape representation and associated Product and (};-_;__.
Manufacturing Information. The results are documented .;"C;._» _ ﬁj ST
as NAS/EN 9300-1xx parts. Deliverables: N2\ = 7j A

= Parts: '
= 100 (Common Concepts)

110 (Explicit 3D Geometry) .
115 (CAD Assembly Structure) -
120 (PMI Graphic Presentation) -

- Comprehensive suite of test models
= 121 (PMI Semantic Representation)

Numerous pilot projects in cooperation with the MBx-IF
Support of STEP AP242 development and associated Recommended

_ _ Practices
125 (Assembly PMI Graphic Presentation)

126 (Assembly PMI Semantic Representation)
132 (Representation and Presentation of Holes and Fasteners)

(*): Accomplished or in work; more planned «GL?E% PRODUCT DATA 2 O 2 4
4 SUMMIT




Validation of LOTAR STEP Data

Global Product Data Interoperability Summit | 2024

* A distinctive feature of the combined use of LOTAR and STEP is the use of Validation
Properties

- Validation Properties are key characteristics of a digital model that help to ensure
consistency of the data

T QTEP O
(Sou rce A (STEP é Target\
System System

Convert Convert
——— | | Model
Model Data’ Model

Data C Data“
N ‘) % . Import | Compare Comput® \L %
e Valid. - S 06

» They are computed by the exporting system using geometric elements in the STEP file
* Any importing system will compare its import results with these properties and thus determine success of the
data transfer.
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LOTAR

PDM WG

Product Data Management (PDM) / Product Lifecycle
Management — Product Structure: As-Designed, As-Built and As-
Maintained

© LOTAR 2024 | All rights reserved



LOTAR WG: PDM (EN/NAS 9300-2xx)

Global Product Data Interoperability Summit | 2024

* Scope:
« Archive and retrieve Product Data Management information in a standard neutral form that can
be read and reused throughout the product lifecycle
* Preservation of digital PDM information along the product lifecycle: in development, as designed,
as planned, as delivered and as maintained. Product Dot Manage Pansing Systarn | Imderdce e

* Deliverables():

* Part 200 Fundamentals and Concepts

* Part 205 Product Structure Validation Properties
Part 210 as designed (ed. 2 incl. effectivities)
Part 230 as built (dependency on Part 210) s Jow vl
Part 240 Product Development (including prelim design review, critical design review, FAI, etc.),
Part 250 Change Management

(*): Accomplished or in work; more planned WGL?EIF\‘LO PRODUCT DATA 2 O 2 4
? SUMMIT



Validation of LOTAR STEP Data

Global Product Data Interoperability Summit | 2024

- An example application of a validation property is the LOTAR technical specification EN/NAS 9300-
205 on “Product Structure Validation” using hash code to check consistency of data between

STEP file System B

systems System A

interface

Lirar

[*9
ffr
5 ]

*
-

System A hash value
per property/value pair
and for overall data set

e .,-7

-
4 #
-

STEP file hash value
per property/value pair
and for overall data set

\

1
S

interface

2 "';’.I": ot
e D -
STEP file hash value System B hash value
per property/value pair per property/value pair
and for overall data set and for overall data set

/

Recalculating

Z INTEROPERABIL

-4 SUMMI

GLOBAL PRODUCT DATA

T

2024


http://www.google.fr/url?url=http://acces.ens-lyon.fr/acces/aide/guide/fonctionnalites-avancees/engrenage.gif/view&rct=j&frm=1&q=&esrc=s&sa=U&ei=P62LVYbmLcK8UemFgLAN&ved=0CCYQ9QEwCA&usg=AFQjCNEmyanav1wS_5xMVwRfoS-FFyYaJw
http://www.google.fr/url?url=http://acces.ens-lyon.fr/acces/aide/guide/fonctionnalites-avancees/engrenage.gif/view&rct=j&frm=1&q=&esrc=s&sa=U&ei=P62LVYbmLcK8UemFgLAN&ved=0CCYQ9QEwCA&usg=AFQjCNEmyanav1wS_5xMVwRfoS-FFyYaJw
http://www.google.fr/url?url=http://acces.ens-lyon.fr/acces/aide/guide/fonctionnalites-avancees/engrenage.gif/view&rct=j&frm=1&q=&esrc=s&sa=U&ei=P62LVYbmLcK8UemFgLAN&ved=0CCYQ9QEwCA&usg=AFQjCNEmyanav1wS_5xMVwRfoS-FFyYaJw
http://www.google.fr/url?url=http://acces.ens-lyon.fr/acces/aide/guide/fonctionnalites-avancees/engrenage.gif/view&rct=j&frm=1&q=&esrc=s&sa=U&ei=P62LVYbmLcK8UemFgLAN&ved=0CCYQ9QEwCA&usg=AFQjCNEmyanav1wS_5xMVwRfoS-FFyYaJw

COMPOSITES (DESIGN FOR
ADVANCED MANUFACTURING) WG

Representing design requirements for advanced manufacturing
(composite, additive, etc.)



LOTAR WG: Advanced Manufacturing (EN/NAS 9300-3xx)
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* Scope:

* Preservation of new information required in STEP data model for Composite
design and Additive manufacturing:

* Organic Shapes and Surface Models

* Design Tools

* Representation Formats

* Preservation of CAD 3D tessellated solids

« 3D composite structures information such as Sequences, Plies, Cores,
Material properties, Rosette, Orientation... > Cost independent from shape

* Preservation of CAD 3D tessellated solids

* Deliverables():

- Parts 300 (Common Concepts), 310 Ed.1 (“exact implicit”’—Ply
Definition), 310 Ed.2 (“approximate explicit’-3D Tess. Solid)

« Support of STEP AP242 Development and associated Recommended
Practices

* Prototype part developed to anticipate future structures to demonstrate
concepts

* Independent tests of CAD tools for the purpose of interoperability

(*): Accomplished or in work; more planned W INTEROPERABILITY 2 O 2 4
? SUMMIT
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http://www.youtube.com/watch?v=s9IdZ2pI5dA

ELECTRICAL HARNESS WG

Digital electrical harness models for
design, manufacturing, and support.

© LOTAR 2024 | All rights reserved



LOTAR WG: Electric Harness

EN/NAS 9300-4xXx)

Global Produgt Data Interoperability Summit | 2024

* Scope:
* Preservation of digital electrical harness models for
— Design
— Certification
— Manufacturing
— Support
* Deliverables():
« Part 400 (Common Concepts),
« Part 410 (Physical harness definition for design & construction)
* Preparation of test cases for physical electrical harness definition
- Data model for Electrical Harness Data is fully defined in AP242 ED4
« Coordination with other standardization projects related to electrical harness (STEP AP 210,
AP239, VDA VEC specification, ...)

(*): Accomplished or in work; more planned Y'W INTEROPERABILITY 2 2 4
’ Yy ¥ A SUMMIT 0



MODEL BASED SYSTEMS
ENGINEERING WG

Preservation of system-descriptive and analytical models that are
explicit, coherent, and consistent.

© LOTAR 2024 | All rights reserved



LOTAR WG: Model-Based System Eng. (EN/NAS 9300-5xx)

Global Product Data Interoperability Summit | 2024

RFLP Process
(from an MBSE view)

S

D

The Physical Implementation represents the
views extracted from the Logical Architecture
that represent the LBOM.

PLM System

System Design Architecture
MBSE PDM

/

Perform Analysis,
Allocate
Requirements

v N\

Perform Analysis,
Allocate
Requirements

|

Perform Analysis,
Allocate
Requirements

SysML Diagrams

Requirements
Decompose/Update

Logical Bill of Material

"4
Requirements | Digital | Functional | Digital | Logical | Digital _| Physical Digital | ECAD
(text/diagrams) Thread Architecture | Thread | Architecture | Thread |Implementation || Thread EBOM
MBOM

Fe

—

The Transition to MBSE — Maturing the Analysis and Simulation Process ,

Credit: Hubertus Tummescheit (Modelon) and Mark Williams (Boeing)

LBOM (LOTAR potential)

Schematics, analysis results, sizing/material specs,
connectivity

* Indentured lists - parts, IDs, requirements, verification needs

*  Work statement narratives - Mfg Testing Criteria

» Safety Needs - protection, containment, handling,
separation, restrictions
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https://gpdisonline.com/wp-content/uploads/2017/10/Workshop-TummescheitWilliams-AnalysisSim-MBSE-Open.pdf
https://gpdisonline.com/wp-content/uploads/2017/10/Workshop-TummescheitWilliams-AnalysisSim-MBSE-Open.pdf

ENGINEERING ANALYSIS AND
SIMULATION WG

Analysis and Simulation models, e.g. Finite Element Analysis



LOTAR WG: Engineering Analysis & Simulation (EN/NAS 9300-6xx)

Global Product Data Interoperability Summit | 2024

 Start of the LOTAR working group for “Engineering Analysis and Simulation” in 2014

» Scope: Preservation of Simulation and Analysis information 47@ 2

* Deliverables!):
— Part 600 (Fund. & Concepts),
— Part 610 (Simulation Data Management)
— Part 620 (Structural Analysis information) "*;%i

- Coordination with other standardization projects relatedto S & A ( «— ° vww.ap209.org/

* Scope of ISO STEP AP 209e2 “Multi-Disciplinary Analysis and Design”
« Structural analysis
« Computational Fluid Dynamic
* Launch of a “CAE IF” as part of the CAx Implementor Forum would be expected

* Regular coordination with NAFEMS (USA, Europe)

(*): Accomplished or in work; more planned

- PTEER2024


http://www.ap209.org/

STEP AP209 edition 2:
Multidisciplinary analysis and design

Global Product Data Interoperability Summit | 2024

® ISO 10303 STEP AP209 ed2 is the target data model for
simulation data long term archiving (LOTAR)

® STEP AP209 public web site: www.ap209.org

® Governance by ISO Technical Committee 184 for Industrial
Automation Systems and Integration, Subcommittee 4 for
Industrial Data

Development History
AP209 ed1 published in 2001

S

Based 3D Engineering)
®  Edition 2 scope now includes:

» Configuration control information

_SDM AP209 integrates 4 domains:
' CAD, CAE, SDM and PDM

SDM : Simulation Data Management
" CAD : ComputerAided Design
CAE : Computer Aided Engineering

» Material specifications & properties

* Meshless numerical analysis
» Discrete/continuous field representation

* Product definition (product structure and 3D shapes)
* Finite element data (linear statics and modes)

» Computational Fluid Dynamics (based on CGNS Std.)
* Generic structured and unstructured analysis mesh

S

B AP209 ed2 became an I1SO International Standard Dec. 1st
®  Builds upon the full capabilities of STEP AP242 ed1 (Manage

ZE‘%‘? i

Idealized for Structures  Panel Aero ﬂ =
Idealized for Aero CFD

MANAGEMENT

\Pilj PDM : Product Data Management - Kinematics analysis
‘Computer Aided Design Product Data and Metadata Simulation Data Long Term Archival and
3D Solids R Product Structure Management Retrieval (LOTAR)
\y Surface Lofts _ | Analysis Structure p—
Structural Layouts Configuration Data | = ——— ion Planni
Material Specification ' | R
P - o
|
Analysis Geometry Fin.ite Element Models and Analysis _ E
' Idealized for Loads Linear Statics e ‘
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What is the MBx-IF?

Global Product Data Interoperability Summit | 2024

* The Interoperability Forums bring together users and
vendors from different domains to discuss common issues
and approaches at the data and application level

* The MBx-IF is an umbrella organization over multiple

Interoperability Forums
* CAx-IF
 EWIS-IF
- PDM-IF
« CAE-IF (on hold)
« MBSE (proposed)

*Provides a common organization and infrastructure for the

Interoperability Forums

wﬁ .
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MBx-IF Memorandum of Understanding

Global Product Data Interoperability Summit | 2024

PDES, Inc. .

* MoU across sponsoring organizations w2t 157 -

Understanding (MoU) for closer cooperation in the field of MBx Interoperability Forums, to

enables LOTAR use cases to be accelerateMBxtra-nslatordevelopmem&ensurethesatisf?ct'\onofuserre.qu'\remlems.
evaluated and tested, resulting in
recommended practices. s .

(Memarandum of Understanding) entre AFNeT, prostep ivip et PDES, Inc. Le début
d'une belle collaboration ! ¢ g7

+ Follow ===

#Mol #afnet #atlas #prostepivip #pdes #collaboration #industry
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MBx-IF Project Framework

Global Product Data Interoperability Summit | 2024

/ 4 CAXx Interoperability Forum (CAx-IF) \\
User Group '~ _
[ : ] <:>[ AP242 ] Original CAx-IF
_ \ [ implGroup ) ) Launched 1999
'..% : & CAE Interoperability Forum (CAE-IF) )
© o §
= L [ UserGroup | Active 2016-2019
S 7 | it i) | ap209 |
; 50 %‘ \ [ Impl. Group ]/
Z g /ElectricaIWire Interoperability Forum )
o X 5 | (EWIS-IF) C Grou _
c § & an | e ] <:> AP42 Launched in 2019
' g S e saman [ Impl. Group ]/ =
/ N

PDM Interoperability Forum (PDM-IF)

[ userGrowp | APZAZ)  Launched in 2016
e omm

Impl. Group
GLOBAL PRODUCT DATA
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Relation of the Interoperability Forums within the MBx-IF

Global Product Data Interoperability Summit | 2024

- 7 ; (" . s
,/ PDM — Configuration Managemen;® Requirements, Production Rules ] Interface Management®
= elbeladlote Process Plannin ] i ™
Interoper Part Identification, Physical Part Verification 9 ll?lectrlcal
~ Characteristics, Document Management A I M @ erlng Harness
General Management Information ( M na ySIS anagemen
Activity & Work Management, Delta Change essage

3D Kmematlcs

Approval And Certification ) R ..
Effectivity, Specification, Breakdown, Configuration Matlng definition
Project Management, Contract Management. ————

a a

lity Forum \ / = = =
L - = o
P

Equivalence ?r 3D Machining | 3D PMI ® 3D assembly [ 3D Composite®{ Additive ®

/\
I

A
.-
Interoperab

Form Features (Product & Manufacturing

. Validation Information) Constraints Design Manufacturing
3D Shape
’)M | Data Quality
Interoperability Forum |y
(Colours, layers,etc) L \
(20 Draughting\ ( 3D shape (explicit and parametric ) 3D scan

3D Exact Explicit 3D Tessellated GD curved triang Surface Texture 3D Parametric

[ Geometry Explicit Geomatry representation & Constructlon History

M| o ==, & /I—3- o =
- dtess N S = N Pra
. AN ~ i <

Enhancement @ New (Extension) ® Domain model + AP module AP Module only

Overview of the scope of STEP AP242
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Way of Working between Users, Implementors, and Standards

Global Product Data Interoperability Summit | 2024

yAsiiad2 22 %

User User Requirements Review Industry Production
Groups | Story d Results Pilots Use

[ |

([ Draft Recommended\ gecommende? (" Broader Commercial
Implementor | Practices, Practices » Implementor

> : : — Software
Groups  Pilot Projects, updated and |« Forum Products

* Initial IF Testin released '

9 9I ) L I )] Testing -

Standards - f Updated ]
Issue >

Developers | Standards |

- PR 2024



Typical Schedule within each IF

Global Product Data Interoperability Summit | 2024

* Overview
Year N-1 I Year N | Year N+1
Q3 I Q4 I Q1 . Q2 . Q3 | Q4 I Q1 I Q2
i I | i | l |
R : Test round 1 ! Test round 2 !
gree || | | | )
Use case ! . T I i
A i Preliminary : Update :
| Rec. : Rec. !
: Pract. A : Pract. A :
......... e T T e
] |
I
| R Test round 1
| gree
: Use case |
I B reliminary 1
Rec.
Pract. B

* Detailed testing results are kept private within the project

- Recommended Practices (update every year) and Benchmark testing results (every 2 years) are
publicly available

ot o GLOBAL PRODUCT DATA
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Harmonized MBx-IF Infrastructure

Global Product Data Interoperability Summit | 2024

Shared between hosting organizations

Redmine &% Nextcloud 000 CAESAR
* For all User Groups * File Sharing platform - For all Implementor
- Document and track for all teams within Groups
* Capabilities the MBx-IF * Online test evaluation
: E‘:aet“g‘:jries * Private folders for and documentation
 Following SAFe closed discussions  Tracking of Technical
(Scaled Agile * Shared folders for Discussions
Framework) common topics * Direct integration with
approach * Supports on-line Redmine, Nextcloud,
- Hosted by PDES, Inc editing of Office and ISO SC4 Jira
P documents & - Hosted by prostep ivip
diagrams
* Hosted by AFNeT S
-

" sommir 2024



How Industry benefits from the MBx-IF

Global Product Data Interoperability Summit | 2024

Member / Vendor Benefits User / Customer Benefits

- Testing in a closed, trusted - Stability of new capabilities
) - E.g., PMI Polyline P tation: Since testing started i
enV|ronment g., olyline rFresentation Slnce esting started In

2008, no major changes to implementation structure.
Widely used in industry now!

 Early detection of errors leads to - Early feedback on requirements
faster development cycles - Concerning feasibility, and timeframe for support in
various tools
* Beta-testing with other systems
enhances product interoperability and 4 Interoperability Forum )
robustness even before production Requirements - ——
User Group P — mplementor
release Interoperable GrOUp
\ K Solutions

» User requirements (including from

Requirements

LOTAR working groups) can be standardied standaraizeg formf}i’fffﬁiﬂi
communicated, and common
implementation approaches agreed. Standards

Commumty

- PR 2024



New MBx-IF Homepage
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* https://www.mbx-if.org/home

Q @ [ Z& MBxinteroperability Forum x  + 5 - o x
= © () https//www.mbx-if.de/nome/ @ A ¢ M = % - O
] ] ] ] ~
« Combines pUb|IC information and :
7 ~ L 4
f Il MBx d ' . 3
resources 10r a X aomains - :
1)« 2
: M AN [
- EXPRESS and XSD Schemas S &
\ %
- w
° Reco mmen d ed P ra ctl ces = MBrIF~  WayofWorking v  Whyjoin? v Dates & Events  Resources ~  FAQs a
n
L
 Test Suites li
| Welcome to the MBx Interoperability Forum
° I m Ie m e ntati o n C Ove ra e The MBx Implementor Forum is a joint testing effort between AFNeT, PDES, Inc. and prostep ivip. The objective of the forum is to accelerate MBx
p g translator development and ensure that users’ requirements are satisfied. The MBx Implementor Forum is an approach to establish a common test
activity in the CAD and CAE areas by merging AFNeT’s, PDES, Inc.'s STEPnet and prostep ivip's RoundTable activities in this area
The goals of the MBx Implementor Forum are to:
« Implement functionality for today’s needs
PY - = « Identify functionality for tomorrow’s needs
I I n g u a n g I s re n c « Avoid roadblocks by establishing agreed upon approaches
« Increase user confidence by providing system and AP interoperability testing
« Ensure new functionality does not adversely impact existing implementations
The MBx Implementor Forum is significantly improving STEP translator quality and decreasing translator time-to-market.
MBx Interoperability Forum @ 2024 | Imprint 533
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LOTAR WEBSITE

LOTAR Deliverables



LOTAR Homepage: www.lotar-international.org

Global Product Data Interoperability Summit | 2024

<

C
LOTAR

LONG TERM ARCHIVING AND RETRIEVAL

Welcome to LOTAR International

LOTAR is an international consortium of Aerospace manufacturers, jointly facilitated by AlA, ASD-5tan, AFNeT, prostep ivip and

pely ||

PDES, Inc.

Harmonized Approaches
Interoperable STEP Products

promtap rer

The prime objective is the creation and deployment of the EN/NAS 9300 series of standards for long-term archiving and
retrieval of digital data, based on standardized approaches and solutions. The integration of LOTAR requirements into software

tools is ensured by close cooperation with the MBx Interoperability Forum and the PDM Implementor Forum.

LOTAR Organization

The development of a worldwide accepted standard for long term archiving of a 3D
master and product structure is an international collaboration of five hosting
organizations. The project is conducted in a distributed manner, using regular online

. meetings for management tasks as well as on the working group level, combined
with physical team meetings altemating between Europe and the US for joint
discussions.

23 LOTAR International | Contact | Imprint | Privacy

Why LOTAR?

LOTAR Organization

LOTAR Workgroups

Scope & Activities

Planning & Accomplishments

GLOBAL PRODUCT DATA
w NTEROPERABILITY
SUMMIT

2024

Doouments

Dates & Communication

LOTAR Standard




NEXT STEPS

Work areas and upcoming events
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Summary — Next Actions

Global Product Data Interoperability Summit | 2024

- Leverage industry initiatives around digital engineering / digital thread
* Build on MBSE momentum

- Restart Engineering Analysis and Simulation

« Charter Electronics WG

« Consider new domains such as software

 Build on integration with Interoperability Forums

 Activities planned
* 2024 Q4 meeting online
« 2025 Q1 meeting in person — Hamburg, DE
« 2025 Q2 meeting online
« 2025 Q3 LOTAR face to face in TBD, Americas
« 2025 Q4 meeting online

- PTEER2024



Summary

Global Product Data Interoperability Summit | 2024

- LOTAR is an industry consortium whose purpose is to develop process standards focused on the
preservation of digital data required to be retained for long periods of time.

« Coordinate closely with interoperability forums to develop test cases and recommended practices.

 Participants are primarily from the aerospace industry.

* Driven by business, regulatory, and customer requirements.

« Working groups meet regularly online.

« Gather for in depth quarterly meetings. Alternate in person and online meetings.

* Look forward to seeing you at our next meeting.

* If you are interested in participating, submit your information through the LOTAR website here
https://lotar-international.org/why-lotar/joining-lotar/

« Thanks for joining us!

* Questions?

- PR 2024
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