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Regulatory Requirements for Long-Term Archiving
regarding Aircraft Certification and Safety

Document & Data Archiving is a legal obligation defined by external
requirements and by internal company policies.

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

: Part 21A.55 Part 21A.105 _
Regulatlon Record keeping for } Record keeping for continued s ol

Requirements Type Certification Modification SllLLL Aals

14 CFR 14 CFR 14 CFR 14 CFR
US (FAA) Part 21B.20 Part 21B.41 Part 21B.3 Part 21B.49

I Records of il Reporting of e
Regulation Compliance with Teglpyepg Smcate failures, Availability of Type

I requirements for Records of Com- malfunctions and Certificate to FAA or
Requwements Ty(/qpe Certificate pliance+Limitations) defects NTSB

Source: LOTAR

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

prostep ivip Symposium 2023 AI RBUS



What EASA requests for long-term archiving...

» EASA

European Aviation Safety Agency

The EASA Part-21
(Certification of aircraft and
related products, parts and
appliances, and of design and
production organisation) also
contains the requirements for
archiving:

prostep ivip Symposium 2023

21.A.5 Record-keeping

I-'n"ii_.?l...ll.."'rl:ll'l |'E-'.-'I| 2021/655

All relevant design information, drawings and test reports, including inspection records for the product
or article tested for the purpose of certification, shall be held by the holder of a type-certificate,
restricted type-certificate, supplemental type-certificate, design change or repair design approval or
of an ET50 authorisation at the disposal of the Agency and shall be retained in order to provide the
information necessary to ensure the continued airworthiness, continued validity of the operational
suitability data and the compliance with the applicable environmental protection requirements of the
product or the article.

[applicable from 18 May 2022]

ED Deosion 202 150077

For repair designs, the record-keeping requirement of point 21.A.5 applies to the data described in
AMC 21.A.433[a).

[applicable from 18 May 2022]
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In 2009, a CRI was signed in order to ag _ Digital three-dimensional data for Type Design definition
ivi D data. Just a few of them... Subject: ig _ _
for archiving of 3D data. Category: Interpretative Material
Requirements: Part 21A.4, 21A.31(a)(1) and (a)(2), 21A.55, 21A.133
rd
.0, . ion reCO
Iz:ﬁ\uthorltles Shall hgye cess ¢ \,-\sua\\za’t(\iata
0 - .
Canr ([))f‘?Ctlcablllty reasonsg : :t lt.‘)hese ta whep, requireq Ata chang ’tho o deS\gnefeﬂe &)
Y be provigeq the Airpye f:CIt case that th;g acces cAD 8esi" O el :O ord is PF
ust be ate of
For distribution purpose, it must be possible to derive the ( hat
visualization format from the 3D CAD design data, which — d process SO tta
must not alter the content and must be fully — e and harmomzdan ger these data.
consistent with the original 3D CAD design definition ed with @ relia e hall not en
st be archtV The IT obsolesc®
erve

AIRBUS

prostep ivip Symposium 2023




LTA3D A350: Archiving process is integral part of release process

PASS SSI (release process)

Status check

RELEASED

The mandatory verification & validation for
archiving, as defined in EN9300, results in
) a high level of quality of the released data
conversion validation validation for downstream processes and suppliers.

e
BI@DS, CABIN

domain

_CD
Electrical, MSI, I

APS )

extraction
(D)

PDI

Trigger

reports
PD a
creation packaging

eedbac
processing

ransfer to
archive

ADS AIRINA
. . .
Archiving Storage Retrieval

Equipment PS
expansion request
processing

LTA3D KPI‘s

LTA3D: Long-Term Archiving of 3D data
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LTA3D Archival Growth (A350)

A350 3D DATA GROWTH
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LOTAR Overview

www.lotar-international.org

Americas Europe
» Long Term Arching and Retrieval (LOTAR) is an international RO ASD
consortium of Aerospace manufacturers : STAN
. . . . . e
= Prime objective is creation and deployment of the EN/NAS 9300 L
series of standards for long-term archiving and retrieval of LOTAR | Industry Associations
digital data, based on standardized approaches and solutions. = W § 7% 0N Membership Associations
: : : N
» |ntegration of LOTAR requirements in software tools ensured —
by close cooperation with the PDES, mmJ Lﬁ‘/a? |—l
Connecting the Digital Enterprise prostep vip
MBx Interoperability Forum (MBx-IF): Requirements W Harmonized Approaches

Interoperable STEP Products

— Facilitated by AFNeT, PDES Inc. and prostep ivip

— Consists of CAD, PDM, and Electrical Wiring Interconnection System
(EWIS) STEP Translator & Validation Tool vendors

— Supports STEP AP242 "Managed Model-Based 3D Engineering”

EN = European Norm (Standard) - ASD-STAN
NAS = National Aerospace Standard - AIA
MBx = Mobel-Based “x” (Design, Engineering...)

© LOTAR 2023 | All rights reserved prostep ivip Symposium 2023


http://www.lotar-international.org/

LOTAR Member Companies
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LOTAR Standard Foundation

SO 14721:2012 (OAIS)

= "Open Archive Information System” (OAIS) Reference Model provides basis for LOTAR processes

= LOTAR is jointly developed by the

Aerospace and Defence Industry

= Extends OAIS to meet the industry-specific requirements as defined by EASA and FAA

/

e.q.
Design
Manufacturing
Support

e.g.
PLM-, ERP-
Systems

AmMOcCcoOo0OAOT

Preservation Planning

_
Info

\

Data

queries
Management

resulis seis

h 4

orders

Archival
Storage

A

AMECwZ00

Administration

SIP: Submission Information Package
AlP: Archive Information Package
DIP: Dissemination Information Package

MANAGEMENT

e.q.
Design,
Manufacturing,
Support Reuse,
Regulatory
agencies

eqg.
Interfaces with
regulatory
agencies

= Neutral data formats have been chosen for the archives (ISO 10303 STEP and other standards)

© LOTAR 2023 | All rights reserved
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CAD Migration Strategies

Process to demonstrate the equivalence of aerospace product models,
based on preservation of essential information, with validation & verification rules.

Al A2 A3 A4 AS

T T N T

Release Migration 1 Migration 2 Migration 3 Migration 4 Migration 5
of CAD of CAD of CAD of CAD of CAD of CAD
native data native data native data native data native data native data

Comparison of essential information,
based on the use of validation properties

Conversion _ Conversion

in open = ——=- in target
standard CAD native

format Comparison of essential information, format
based on the use of validation properties

Source: EN9300-100

© LOTAR 2023 | All rights reserved prostep ivip Symposium 2023



LOTAR Standards Overview

3D
Mechanical
CAD & PMI

© LOTAR 2023 | All rights reserved

Data Domain Specific Parts

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

Engineering
Analysis
and
Simulation

Model-Based
Systems
Engineering

Common Process Parts

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

Basic Parts

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

LOTAR Project Overview




LOTAR 5-Year

© LOTAR 2023 | All rights reserved

Title

Basic Parts

Structure

Requirements

Fundamentals and Concepts
Authentication and Verification

006 |Functional Architecture
1.6 | 007 |Termsand References
2 Common Process Parts
2.1 | 010 |Overview Data Flow
2.2 | 011 (Data Preparation
2.3 012 |Ingest
2.4 | 013 |Archival Storage
2.5 | 014 |Retrieval
2.6 | 015 [Removal
2.7 | 020 |Governance & Planning
2.8 | 021 |Meta Data for Information Package
3 Data Domain Specific Parts
3.1 3D Mechanical CAD with PMI
3.1.1| 100 |Common Concepts
3.1.2 | 110 |explicit CAD Geometry
3.1.3 | 115 |Explicit CAD Assembly Structure
3.1.4 | 120 |Explicit CAD Geometry with Graphic PMI
3.15 it CAD Geometry with Semantic PMI
3.1L6 t CAD Assembly Structure with Graphic PMI
317 it CAD Assembly Structure with Semantic PMI
3.1.8 | 131 |Explicit CAD Geometry and Machining Form Features
3.1.9 | 132 |Structural Joins for Assembly & Installation
3.1.10] 14x |Kinematics
3.2 PDM
3.2.1| 200 |Common Concepts
3.2.2| 205 |Product Data Validation Properties
3.2.3 | 210 ("AsDesigned" Product Data
3.24| 220 ["AsPlanned" Product Data
3.2.5| 220 |"AsBuilt/ As Maintained" Product Data
3.2.6 | 240 |Product Development
3.3 ‘Composites.
3.3.1| 300 |Fundamentals and Concepts
3.3.2| 310 |3D Composite Exact Implicit & Approximate Implicit
3.4 Electrical
3.4.1| 400 |Fundamentals and Concepts
3.4.2 | 410 |Physical Electrical Harness for Design & Construction
3.4.3 | 420 |Electric Wiring Interconnection System Installation
3.4.4 | 430 |Electric Wiring Interconnection System Logical Information
3.5 MBSE
3.5.1| 500 |Fundamentals and Concepts
3.5.2 | 510 |Requirements
3.5.3 | 515 ((Requirements), Validation & Verification
3.5.5 | 520 |Analytical model
3.5.5| 530 |Architecture models
3.5.6| 540 |LBOM
3.6 Engineering Analysis & Simulation
3.6.1| 600 |Fundamentals and Concepts
3.6.2 | 610 |Simulation & Process Data Management The LOTAR Engineering & Analysis Workgroup is currently on hold. Next steps will be planned when activities in this domain are resumed.
3.6.3 | 620 [structural Finite Element Analysis | ] ] ] ] | | | ] ] | |
wp | s [Title e aa(fla[e|ea/u|la/e/a[v|[afe|[e|v|[alae| ]| a

2023

2024

2025

2026

2027

prostep ivip Symposium 2023
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https://lotar-international.org/lotar-standard/next-steps/

Different Levels of Preservation Planning

Business
Preservation
Planning (BPP)

User Preservation Planning
(UPP)

Planning (TPP)

Responsible Organization

Technical Preservation

Repository Service Provider

Quality Testing, recovery validation and audit |

Preservation planning based on EN9300 Part 020 [LOTAR-2012]

prostep ivip Symposium 2023

Repository

Preservation

Planning

* Business Preservation Planning (BPP)
develops and documents the long-term data
retention strategy of the responsible
organization.

* User Preservation Planning (UPP) ensures
that BPP retention policies are implemented.

* Technical Preservation Planning (TPP)
provides expertise in the way that product
information is developed, both in terms of how
processes use software to represent aspects of
the product, and the way in which information is
represented when being transferred between
different software products.

* Repository Preservation Planning (RPP) is
concerned with minimizing the costs and risks

associated with the way that data is held in the
archive.

AIRBUS



LTA3D Preservation Assessments (due to EN9300)

Periodic Assessment

Non-Recursive / Native CAD
All domains: Electrical, BI@DS, MSI, Cabin

Purpose — Check data can be retrieved and converted
to Native CAD without loss of quality

Technical Assessment
Recursive / STEP & Native CAD

+ R18
+ R21
« R27

Purpose — Check full product structure can be
retrieved in both Native CAD and STEP

prostep ivip Symposium 2023

Litigation Assessment
Recursive /| STEP
All domains

Purpose — Check system performance, robustness and
completeness in case of legal request against a pre-
defined list of expected retrieval results

Large file Assessment
Non-Recursive / Native CAD
Top 10 largest archived data files

Purpose — Check system performance when
processing very large TAR packages

AIRBUS



Preservation Planning Assessments — A350 Periodic

Output from this step: PA Detailed Results
PA Preparation PA Overall Results Conversion Validation
AIP Category Source CAD System g&ﬂgﬁt}"m“am" PoP Size Sas?ggle nr?u;*.-'qa?n}i(ng P'??gticc Conv OK SUSSEvane Val OK Val Succ Rate
CAD 3D Exact Geometry CATIAVSR18 SP2 AP214 1SO Edition 3 28283 648 648 100.00% 648 100.00% 648 100.00%
CAD 3D Assembly Structure CATIAV5R18 SP2 AP214 1SO Edition 3 33034 650 650 100.00% 650 100.00% 650 100.00%
CAD 3D Annotation CATIAV5R18 SP2 AP214 IS0 Edition 3 12611 630 630 100.00% 630 100.00% 630 100.00%
CAD 3D Tessellated Geometry | CATIA V5R18 SP2 AP242 1S0O 50510 654 654 100.00% 654 100.00% 653 99.85%
CAD 3D Exact Geometry CATIAV5R21 SP2 AP214 1SO Edition 3 306233 662 662 100.00% 662 100.00% 654 98.79%
CAD 3D Assembly Structure CATIA V5R21 SP2 AP214 IS0 Edition 3 241837 661 661 100.00% 661 100.00% 661 100.00%
CAD 3D Annotation CATIAVSR21 SP2 AP214 |SO Edition 3 651 328 328 100.00% 328 100.00% 320 97 .56%
CAD 3D Tessellated Geometry | CATIAV5R21 SP2 AP242 1SO 276754 661 661 100.00% 661 100.00% 661 100.00%
CAD 3D Exact Geometry CATIA V5-6R2017 SP2 |AP242 1SO Edition 1 80928 658 656 09.70% 656 99.70% 654 99.39%
CAD 3D Assembly Structure CATIA V5-6R2017 SP2 |AP242 IS0 Edition 1 64429 656 656 100.00% 656 100.00% 656 100.00%
CAD 3D Annotation CATIA V5-6R2017 SP2 |AP242 I1SO Edition 1 106870 659 659 100.00% 659 100.00% 659 100.00%
CAD 3D Tessellated Geometry | CATIAVS-6R2017 SP2 |AP242 1S0O Edition 1 75684 657 657 100.00% 657 100.00% 657 100.00%
1277824 | 7524 | 7522 | 99.97% | 7522 | 99.97% | 7503 | 99.72% |

Summary

Tightener

Only 2 retrieval errors:
2 Exact Geometry Errors already during ingest: Design defect - Flexible equipment - bad solid non-manifold (edge shared with more than 3 faces) -

Action plan: 2 models to be re-designed.

In addition we faced only a few retrieval warnings (validation KO) because of minor design defects and because accuracy of CatiaV5R27
improvements in comparison with CatiaV5R21 used during ingestion

prostep ivip Symposium 2023
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Audit and EN9300 Compliance PRASTERP

To prove to EASA that the record keeping requirements are met,
AIRBUS undergoes an external audit every two years

Carried out by TUV IT

with support by PROSTEP TUVIT

PROSTER

integrate the future

oo ’ d
TUV IT: Third Edition. Fully revised and update

AC-DMS

Audit Criteria f
and Enterprise

ement-
nt-Solutions

or Document Manag
Content Manageme

= |eads the audit and issues the certificate

= Covers all general archiving requirements and 2D content
(i.e., Office documents, 2D Drawings (TIFF),...) —

= Based on AC-DMS (Audit Criteria for Document Management Solutions) I

= PK-DML (Prufkriterien fir Dokumenten-Management-Losungen) ”’"

© PROSTEP AG 2023 | Alle Rechte vorbehalten / All rights reserved prostep ivip Symposium 2023
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Example Requirement: Validation Information TRUSTER

From EN9300-002: LOTAR Fundamentals & Processes

EN 9300-002:2018 (E)

7.3.1 Data Preparation

Data preparation covers the phase of preparation for submission, and is outside the scope of the OAIS
model. This has the following detailed requirements:

3) Preparation of the validation2) information associated to each source product information:
When technically feasible, the Producer shall check the quality control criteria (e.g., validation
properties) of the information to be preserved. The validation report of each source product
information has to be created, as associated input to the Ingestion process of the Archive.

Source: EN9300-002

© PROSTEP AG 2023 | Alle Rechte vorbehalten / All rights reserved prostep ivip Symposium 2023



Example Requirement: Validation Information s SR

Corresponding AIRBUS Process Definition

AIRBUS

Conversion
Report

TUVIT

and
Validation
Report

18
Validation
Report

0O-Repoit

I Report I Report

— Convertto STEP & Generate Quality Reconvert STEP to Convert STEP to Native
Native create Validation Report for Mative Native & create Compare (3D Evolution} & create Compare
GRM Froperties Madel (Q- Validation Properties VP1&VP2 Validation Properties VP1&WVP3
o VP1 Checker) VP2 VP3

M Iral > AII P
GRM OK? N
i Procesd

Figure 2-5: Conversion/validation process overview

The CATIA STEP converter generates the STEP file that contains CAD entities with Validation
Properties (VP) computed in the original CAD system. Then the STEP file is imported in two validation
tools CATIA (loop validation) and 3D Evolution (second validation) that compute the VP deviation
(difference between computed and read VP from STEP).

e Both CAD validation tools are using different algorithms for VP calculation and additionally some
of them are not customizable. That's why there can be differences in each validation report.

e Airbus uses the thresholds advised by the CAx Implementor Forum [CAx-IF]

e The same thresholds are applicable for both Ingest and Retrieval.

Source: AIRBUS Procedural Documentation AIRINA v1.2

© PROSTEP AG 2023 | Alle Rechte vorbehalten / All rights reserved prostep ivip Symposium 2023



Example Requirement: Validation Information s SR

Documentation of fulfilled requirement in Audit Report

TUVIT

AC-DMS-Report, Version 0.1 Tv r '
TOE: Airina Erstellungsdatum u ’

4.12 EN9300-002: Data Preparation

Data preparation covers the phase of preparation for submission, and is outside the scope of
the OAIS model.

DP-3 Preparation of the validation information associated to each source prod-
uct information

Documentation | Audit | Operator | Evidence | Recommend. | Constr. Fulfilled
| O O O 0 0 yes

D: Validation Level 1 is used. [VDoc, 2.18.4, Figure 2-5] gives an overview on the process,
which includes generation of the STEP file including validation properties, and then vali-
dation of the STEP and the included properties by import into two different CAD applica-
tions, CATIA VS and 3D_Evolution.

Validation properties can be interger counts, these have to match exactly, or values cal-
culated from the model geometry. [VDoc, 2.18.4, Figure 2-4] lists the applicable thresh-
olds. See also GR-5.

Source: AIRINA Audit Report 2021, Draft Version

© PROSTEP AG 2023 | Alle Rechte vorbehalten / All rights reserved prostep ivip Symposium 2023



Example Requirement: Validation Information s R T

Inclusion of Validation Reports in Archive Package

TUVIT

6.1.2.4 AIP: The Archival Information Package

An AIP represents the information package which is actually preserved in the archive, i.e. in
AIRINA/LTA3D the package which is delivered by the Airbus LTA PLM Systems as the final step of
ingestion. It provides a set of information that has all qualities needed for the permanent preservation
containing content information (Cl), i.e. the neutral STEP file, and preservation descriptive information
(PDI), i.e. quality, conversion and validation reports.

One AIP represents a single node of a 3D structure. These content units together represent an AIP
containing the following files:

Filename Suffix | Description

stp STEP file (from initial CATIA export of the 3D data set)
pdi.xml PDI header file (from PDI header generation plug-in)

rpt_report01.txt | Quality check report (from Q-Checker)

rpt_report02.txt Conversion report (from CATIA)

rpt_report03.txt First validation report (from “loop test”, i.e. CATIA validation)
rpt_report04.txt Second validation report (from validation tool “3D Evolution”)

Table 6-2: Content of an incoming AIP

Source: AIRBUS Procedural Documentation AIRINA v1.2

© PROSTEP AG 2023 | Alle Rechte vorbehalten / All rights reserved prostep ivip Symposium 2023



Audit and EN9300 Compliance

Die Zertfizisrungesatelie der TUW informationstechnic SmbH
basoheinigt hienmit dem Unterneshmen

AIRINA Re-Certification Audit will take place in June 2023 AIRBUS S.A.S

1 Rond Point Maurice Bellonte
AIRBUS A350 is not the only example of the LOTAR standard being 31707 Blagnac, France
actively used in industry: flir s singesatzts Dokumentsnmanagemant- und Archivideung

NAS / EN 9300 LOTAR parts (CAD AlRINA

A&D Area of CAD Project die Erflilung aller anwendbaren Anforderungen der Prifkriteren fur

. ISO formats
company | application status Dokumenternrmanagementiooursgen

Geometry| Geometry [ Present. | structure
ISO 10303 PK-DNML, 5. Auflage 2019,
s EN 9300 serles™).

. Electrical Harnes, Mechanical
Airbus

AP214 Ed.3 (*)

Commercial A350 System & BE:a:k:ient Installation, + AP242 Ed.1 1) Angewandte Lovel: Verifikation Level 0 & Validation Lewvel 1
s Electrical Harnes, Mechanical Die Prifanforderungen sind in dor Anlage zum Zerifika:
. BelugaXL  System & Bracket Installation, AP242 Ed.1 e
Commercial hin Die Anlage it Bestandtel des Zertifikats und bestoht aus 11 Seiten.
Airbus Dimsas Zertifikat git nur in Verbindung mit dem Prifbancht.
Defence & "Full 3D" model based Yes Yes Yes Yes AP242 Ed.1 DEV
Space
Dassault- complete definition of the aircraft
Aviation Falcon 7X  (airframe, brackets, pipes, Yes No Yes Yes AP214 Ed.3 (¥) PROD
hames_s)_ - - Zortifikatsglligkoit:
Sz |2V @1 EDEETE N YT Yes No Yes No AP214Ed.3(*)  PROD 30.07 2021 - 30.07.2023
engines mechanical part
o . . .
Boeing 787 3D deflnl_tlon with PMI with Yes No Yes Yes AP203 Ed.2 (*) PROD
G500, G600 gstr?:ggIﬁechanical electrical iy Certificate 1D: 9963.21
Gulfstream ’ ’ . ’ Yes No Yes No AP203 Ed.2 (¥) PROD B TURAT = TLNY MOAD GRUIIF = o bt cig
G650 and composite
Lockheed- 3D mBD mechanical, electrical AP203 Ed.2
Martin B and composite U )2 M W2 + AP242 Ed.1 FEANED
- -
EMBRAER 1-€92CY 450 & complete definition Yes No Yes Yes AP242 Ed.1 DEV i
Legacy 500 of the aircraft L i"l "
MTU Aero  New parts of 3D definition without PMI of new e
g retoph Sutter
Engines engines mechanical part Yes No No  InPrep.  AP214Ed.3 PROD . Chrimph e
PLANNED  : project planned a TV Iformationstachel Gk «VOI»
DEV : project in development B P ==

PROD : project on production L 0 T A R AIRBUS

(*): Plan to migrate to STEP AP 242 ed1 when possible

prostep ivip Symposium 2023



THANK-YOU FOR
YOURPARTICIPATION

You will never archive alone

AIRBUS
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