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strategic automotive product
<\ data standards industry group

SASIG — PDQ WG

Meeting Report

Lutz Volkerath
VDA

SASIG PDQ Paris (France), October 2008

SASIG — PDQ Meeting Report & e .

p!
:\ data standards industry group

Meeting Summary

» Conformance Test Results
» Future of SASIG PDQ

Quality of JT data

Lutz Volkerath SASIG PDQ Paris (France), October 2008
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SASIG ~ PDQ Meeting Report <X

2> GALIA: published micado PDQ manual
maintaining the ISO contact (OR)

2JAMA/JAPIA: PDQ deployment statistics
Support of JINC ISO 10303-59

2(Qdette S: national WG established and
making progress to include
suppliers

2>VDA: lead of SASIG PDQ Conformance
Test

Lutz Volkerath . f . Paris (France), October 2008
- ()

B Q-Checker (TransCAT) performed the
conformance test in 2007

® This Paris-meeting, 2 more performed the
tests:
= CADDoctor (Elysium)
2Validat (Volkswagen / T-Systems)

® Both results will be included in the sasig-pdq
homepage a.s.a.p.

B If spGate (Armonicos) provides complete result
documentation by the end of October, they will
Lutzvma\tlin(jUded, tOO- SASIG PDQ Paris (France), October 2008
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SASIG — PDQ Meeting Report . e,

Present Future
SASIG PDQ V2.1 ISO 10303-59 , SASIG PDQ V3.0

I Link; Corr.Table \

——

Lutz Volkerath SASIG PDQ Paris (France), October 2008

— = Y\
SASIG ~ PDQ Meeting Report Qi

2Create V3.0 of SASIG PDQ Guideline
® incl. Link to ISO 10303-59

2Initiate new PAS proposal for SASIG PDQ V3.0
(to keep legal ISO status of SASIG PDQ)

2 Offer input of all SASIG PDQ deliverables +

Part59
to SC4 WG13 'Industrial Data Quality' (ISO
8000-x)

® Have a joint announcement of JNC and SASIG
at November meeting (Busan) by Mr. Ohtaka and Mr.
Tanaka

Lutz Volkerath SASIG PDQ Paris (France), October 2008




SASIG ~ PDQ Meeting Report & SASIG

automotive product
ndards industry group

2Initiative started, results not available yet

2Increasing use of 'light weight formats'
incl. requirement to import exact geometry

2>WG PDQ proposes a SASIG plenary statement to
clarify the status of such formats in relation to
STEP: e.g.

"Such formats are not able to replace STEP (e.g. AP214) for reuse
purposes (e.g. exchange and archiving) of exact Geometry or PDM
data. Such formats should be used for viewing purposes, collision
detection and for some FEM analysis only."

Lutz Volkerath SASIG PDQ Paris (France), October 2008

SASIG ~ PDQ Meeting Report & SASIG

ic automotive product
ata standards industry group

2 With creation of SASIG PDQ guideline V3.0
and
update of sasig-pdg.com homepage
(add 2 conformance test results)

2the WG has finished its mission and
ends!

2Does plenary confirm the proposed plan
regarding Future of SASIG PDQ deliverables?

Lutz Volkerath SASIG Paris (France), October 2008

2 Status of merging sasig;qu homepage to sasig
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HEE  RK\EE (AKL=R)
HEF : May 16 ~ May 22, 2009

%5 57 [1] ISO TC184/SC4&WGs &k Parksville/Canada TR S 4172, 231X 11 1E £ 50
458, LLTFIZE 257,

231X SC4 Opening/Closing Plenary, WG13 Opening/Closing plenary, WG13 Working session,
Liaison plenary, Joint Shape/Parametrics/PDQ meeting, PPC, Change management meeting,
SC4 Business meeting 72 &% 71 N— L 7=,

LEBORRLEHR

(1)K[E ECCMA ElEOEHETH D08, AN T Liz project 232 <, IEEIF D Project 73
WG13(ISO 8000)Z& HLMIRHNTE /= Z & & Swine Flu D2 E & o THHEE 3D 7270
>77,

Q) EHIR & T 7z WG13(Industrial Data Quality) D A 21— 7225 T, ISO 8000 Edition-1
I¥’data quality’ |24/ L, Edition-2 LA Tinformation quality #4435 9 &\ 9 FEH OIREIC
EEEK L IO E BT,

BEERDOKE BLFTH-72 ISO 8000 DFBFEIZEL, 7T A, AV LHFi L TR K
* L. FRREOX RN TH D Z & % ISO 8000-1(Overview) D introduction (ZZ D EHIFET 5 Z

W), ZHNTRERBEIIMMHEESAL D,

(4)P. Benson, G. Radack, T. King 72 &£, 2N FE THH¥ v /75— WEEHBEKZ/E-> CTE7- AM
I%. ISO8000 (21X High Level Requirements ZHET A HIE DA Z EZDT-WERITH Y | FHH
LUV O EITRE 2 RO T2 BEY B EE 7 E ORIEEOERITIN 2 72V, EEROERITIN
Z 572 1Z1%, ‘High Level Requirements & HlET 2 HAED I & 9 B Z IR REELATH
L0, FTBAR & LT, HAN SASIG & #lA] L TBA%E 3 2581 PDQ HUASIZ DUV Tid, HAS I
PDQ-S & Ak ISO 10303(STEP) F CTiE®, ISO 8000 FiZix Usage Guide B972 & D% 1 %F
1 TED T CYEED 5,

G)EEFE . HARNY R — b CHFERE L CE7- AP241 [IFHICBHENEN, ¥ BLOD
fEtIZd o7, PPC THIR A MET L7, AR E Tl CD Ballot Bila % DRGE K Td
52 L w2, B4 H D SC4 resolution (ZHXIGT 2 & DGR I LTz, [FIERICBHIFE AN BT
W72 IS0 13584-35 IXEANIXFENH S, ARIOSHETLE2—K& T, 7H ISO Tk,

(BFEE 10 AICRFISN, ZDE%D SASIG/Paris 2 T HENHER TORHANRE -7 1SO
10303-59(PDQ-S) Dt i % . IO BUEAPIZ bIERT 5720 DIEE Th 5 PDQ-S
Module (Z2WT, HAZRZ b &IZBERE T, BREMROBEFEY 2 — /L OIREE, it
Vo — VOIERL & B TSR B AR S T,

2. SC4 BiE

BASH (22 AICIRER EFik, ERLOILT ;

(CD DHf % 2 » A &9 2 (EEANCHFANCHFES N2 b DDA 3 » A7),

(2)ISO 10303-241, 61 O ZERAAALE

(3)IH Education&Outreach % & ¥ 7- Advisory Group: Implementation Forum D&% &
(4)PWI: Future SC4 Architecture D7 FR

3. Tt

WA EHREASIMOZS, EEHOBAR « HE - S@EOREFSHILS BIFEMET,

(2 JAMA 7> 5 FEARFTZ 2 #8 S 7= SASIG PDQ Guidelines V3.0 @ PAS kD% Change
Management T3k L.
—#17=72 Harvesting |Z 4~ %



—BEAFD ISO/PAS 26183 LW HFESEMM L, WADHEF T HZ LSAHE
—SASIG PDQ Guidelines V3.0 1IEZ R HIE & (S BEZEBHAE DS AT HE
D ENBEE SN, &% H O Closing Plenary TH 73 #E S vz,

<L, & AFEORLFE>
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Criteria of SASIG PDQ Guidelines Which Require Consideration in the New PDQ

1. Definitions

<product data>

The term “product data” is defined as any and all product data required from product
conception to manufacturing. Therefore, product data includes not just computer-aided
design (CAD) data but also computer-aided manufacturing (CAM) data, computer-aided
engineering (CAE) data, product data management (PDM) data, and other kinds of data.
<PDQ>

Product data quality is a measure of the accuracy and appropriateness of product data
combined with the timeliness with which those data are provided to all the people who need
them.

From this we can state that:
Good product data quality means providing the right data to the right people at the right time.

The first theme implicit in this definition is the need for an appropriate set of metrics. To
improve product data quality, one must be able to measure the level of product data quality
and, after making a change, evaluate whether an improvement has occurred. Section I
has some recommendations on metrics.

The second implicit theme is access. Regardless of how appropriate and robust a specific
product model or set of data is, if it is not available in a timely manner to those needing it,
then that model or data set is of no value. Examples of this include inappropriate data
formats or systems, denied access to file servers, missing part numbers, and hidden data
files. Issues that deal with how data are accessed fall in the realm of PDM systems. The
primary access issues are who has access to what and when. Of course, the data created
and maintained by PDM systems are also product data. Hence, those data are also
subject to product data quality concerns. This view is driven by the requirements for
concurrent engineering. The underlying principle of concurrency is that downstream
activities start before upstream activities are complete.  This principle requires
consideration of which data are needed, at what time, and by whom. Thus, the information
about where those models or bills of material are to be found as well as how and when to get
them can, and should, also be considered product data.

2. Non-Geometric Quality Criteria Descriptions
A model structure respects the following characteristics:

¢ |t must be recognisable, comprehensible, and firmly allocated to the CAD data
model.



¢ It should be able to differentiate between auxiliary geometry and essential product
geometry (i.e., wire, face, and solid geometry).

¢ It should be able to differentiate between right/left-handed and non-handed parts.

¢ It should be able to reproduce logical relationships such as functions, assemblies,
or similar.

¢ It should be able to differentiate between changeable and non-changeable
contents.

e |t must be created and used in accordance to the rules concerning data quality
documentation during the exchange of said data.

2.1 CAD model

2.1.1 Non-standard CAD version: O-CM-CV

2.1.2 Wrong CAD start-up environment: O-CM-SE

2.1.3 Non-standard accuracy parameter: O-CM-AP

2.1.4 Hybrid model: O-CM-HY

Problem description: Model contains a mixture of geometric entity types and

representations: solids, open shells, faces, edge loops, edges, surfaces, curve, or points.

Measurement: Whether all entities of a lower order are derivatives of the higher order

geometry type (e.g., curves are, in fact, the edge loop of a boundary representation).

Supporting information: See Section 1.4 for information on the relative importance of the

different kinds of data that may appear in a hybrid model.

Recommendation: Where preferred business practices are contrary to these criteria, it is
important to convey specific directions as part of the product data (i.e., drawing dimensions
supersede 3D geometry.)

2.1.5 Multi-solid model: O-CM-MU

Problem description: Model contains more than one solid.
Measurement: Count of solids in model.

Supporting information: A part is defined here as a CAD file at the operating system level.
A number of CAD/CAM systems cannot handle several solids in one part but expect in each
case only one solid per part. This can lead, for example, to problems during the exchange of
data should one want to transfer complete assemblies.

Recommendation: In each case, store the individual solids in a separate part.

2.1.6 Special character used in CAD model name: O-CM-SC

2.1.7 Non-standard item name: O-CM-IN

2.1.8 Non-standard physical file name: O-CM-PN

2.1.9 Too large physical file size: O-CM-FS



2.1.10 Non-standard item property: O-CM-IP

2.1.11 Item data consistency incorrect: O-CM-IC

2.1.12 Non-standard reference set: O-CM-RS

2.1.13 Encapsulated entities used: O-CM-EE

Problem description: Encapsulated entities may not be correctly reproduced during data
conversion.

Measurement: Check whether encapsulated entities exist in the part.

Supporting information: Encapsulated entities can be used to define a shape or standard
elements (screws, bearings, electrical connectors,...) for multi-instantiation purposes
Recommendation: Do not use encapsulated entities or replace them by the original
element according to the company standard.

2.1.14 Unused encapsulated entities present: O-CM-UP

Problem description: An unused encapsulated entity is defined but not referenced in the
CAD part. It has no added value.

Measurement: Check whether unused encapsulated entities exist in the part.

Supporting information:

Recommendation: Delete unused encapsulated entities.

2.1.15 Identical encapsulated entity: O-CM-IE

Problem description: A CAD system might allow managing encapsulated entities with
names relative to each other (e.g., NAMEX to $SNAMEX or NAMEX to NAMEX(2)). Those
similar names usually show the existence of different encapsulated entities with the same
content or assume the same content but having (small) differences. This situation leads to
confusion about whether such an entity is valid or superfluous.

Measurement: Check whether identical encapsulated entities exist in the part.

Supporting information: Identical encapsulated entities may result from merging two parts
or copying entities from one part to another.

Recommendation: Identical encapsulated entities must not exist in the part.

2.1.16 Empty encapsulated entities present: O-CM-EP

Problem description: An empty encapsulated entity does not contain any element but
might be referenced in the CAD patrt. It has no added value.

Measurement: Check whether empty encapsulated entities exist in the part.

Supporting information:

Recommendation: Delete empty encapsulated entities.



2.1.17 External item reference: O-CM-EI

Problem description: Most CAD systems are able to load external geometrical forms into a
current part by the way of geometric references, not by duplication. This allows a large
volume of data to be stored in the current part but requires the availability of those
references, e.g., in the PDM system or regarding directories and part names. External
references might cause problems such as unknown links or unclear paths, after data
transfer.

Measurement: Check whether external item references are used.

Supporting information: The use of external references within a corporate organisation is
useful because existing geometry is shared. These links, however, should deserve severe
attention during removal, deletion, renaming or data exchanges.

Recommendation: If it is agreed to use external references, ensure transmission of
referenced items during data exchange. Otherwise, do not use external references or
replace them by the original geometry.

2.1.18 Inconsistent item reference: O-CM-IR

Problem description: Related to criteria 2.1.17. It is basically important to ensure the
consistency of external item references.

Measurement: Check whether item references are consistent, i.e., each reference can be
resolved.

Supporting information: See criteria 2.1.17.

Recommendation: All item references must be able to be resolved.

2.1.19 Non-standard simplified part: O-CM-SP

Problem description: In some process steps, simplified parts (with a simplified product
shape) are used (e.g., DMU, viewing, etc.). Simplified parts with parameters (e.g.
approximation accuracy) not according to the company standards might lead to confusion,

incorrect measurements and during the transfer of those parts.

Measurement: Check whether a simplified representation exists in the part and whether its

parameters are compliant with the company standard.

Supporting information: A simplified representation might be used to exchange geometry

without its “know-how”, e.g., parametric.

Recommendation: The parameters for simplifying (e.g., approximation accuracy) must be

compliant to the company standard.



2.1.20 Element outside bounding box: O-CM-OB

Problem description: Sometimes some elements are created outside the bounding box
because of manipulation error or approximation error, etc. This may lead to problems in data
exchange and to problems with batch applications (e.g., computation of mass properties

and bounding box).

Measurement: Check whether there are elements outside the bounding box.
Supporting information:

Recommendation: Delete or do not use elements outside the bounding box.
2.2 Group/Layer

2.2.1 Group used: O-GL-GU

2.2.2 Number of groups exceeded: O-GL-NG

2.2.3 The same element registered with more than one group: O-GL-IG
2.2.4 Non-standard grouping of elements: O-GL-IE

2.2.5 Non-standard group name: O-GL-GN

2.2.6 Layer used: O-GL-LY

2.2.7 Number of layers exceeded: O-GL-NL

2.2.8 Wrong layer distribution of instances: O-GL-WL

2.2.9 Non-standard layer usage: O-GL-LU

2.2.10 Non-standard layer name: O-GL-LN

2.2.11 Layer group used: O-GL-GL

2.2.12 Empty layer group: O-GL-E

2.2.13 Non-standard layer group: O-GL-LA

2.3 Coordinate systems

2.3.1 Local co-ordinate system used: O-CS-LS

2.3.2 Non-reference co-ordinate system active: O-CS-NR

2.3.3 Non-standard co-ordinate system orientation: O-CS-NO

2.3.4 Non-standard co-ordinate system name: O-CS-CN

2.3.5 Non-standard unit: O-CS-SU

2.3.6 Non-standard scale: O-CS-SS

2.3.7 Transformation stored: O-CS-TS

2.4 Assembly

2.4.1 Assembly relationship used: O-AR-AR



Problem description: Some CAD systems use assembly relationships, which means the
assembling (including translation and rotation) of parts to an assembly. The information

about that assembly might be lost during data exchange or the receiving system might not
be able to read this information, so that a receiver is not able to “reassemble” the product.

CAE analysis are usually carried out on a single item basis so that the presence or absence
of an assembly representation should be defined beforehand.

Measurement: Check whether an assembly representation is used.
Supporting information:

Recommendation: Refer to the assembly usage recommendation defined in the company
standard.

2.4.2 Undefined assembly constraints : O-AR-UC

Problem description: The positioning of a component in an assembly consists of
suppressing its degrees of freedom (3 translations, 3 rotations) using assembly constrains,
e.g., alignment. If the constraints are not defined, the problem will be the inability to
reproduce the correct product shape and set correct analysis conditions.

A non-constrained assembly is liable to calculation problems in a subsequent process chain
(such as kinematics and simulation).

Measurement: Check whether assembly constraints suppress the six degrees of freedom
(translation in the x, y, and z-axis directions and rotation on each axis).

Supporting information: An under-constrained assembly may lead to computing problems
in the data life cycle, e.g., kinematics’ simulation.

Recommendation: Design a fully constrained assembly.

2.5 Solid

2.5.1 History not used: O-SO-HN

Problem description: The use of a history largely affects the form change workload.

Implementing form changes to a model that does not have a history entails an enormous
workload.

Measurement: Check whether a history is used
Supporting information:

Recommendation: Use a history.



2.5.2 History not updated: O-SO-HU

Problem description: If the history of a model is left non-updated, subsequent operations
(such as a Boolean operation) could fail.

Measurement: The history of a model must have been updated after its modification.

Supporting information: The reason the update is not done might be because the sender
did not perform it or the update is impossible due to severe problems in the geometry.

When an update is required:
e Data must be loaded from an external source through a data transfer.
¢ Some command must be given from CAD during modeling to prompt an update.

Recommendation: Update the history of a model.

2.5.3 Missing solid construction history: O-SO-MH

Problem description: Solid has incomplete model history — e.g., modelling features,

parameters, or operations used (to define the solid) are not available.

Measurement: Whether complete construction history is available (system specific: e.g.,
via existence of Import Feature, Unparametrised Feature, etc.).

Supporting information: Often a history is required for later modifications on models
(“History of origin”). In other cases, the history is intentionally deleted in order to protect
engineering and modelling knowledge. In other instances, history is not required at all, e.g.,

mock-up.

Recommendation: Recreating a “History of origin” is often not possible. Therefore, avoid

deletion or loss of a history in the original CAD model.

2.5.4 Unused solid construction history: O-SO-UH

Problem description: Some modelling features, parameters, or operations are defined but
do not contribute to the solid (e.g., "dead branch™). This is often excess history information,

not needed to support the model.
Measurement: Whether all construction history is used by the solid.

Supporting information: Excess information makes the model more difficult to understand

and may lead to problems during update.

Recommendation: Clear the model of all elements that are not to be used.



2.6 Form Features

2.6.1 Unresolved feature used: O-FE-UF

Problem description: Unresolved features are part elements which are not processed
correctly, mostly due to a change of the underlying part geometry. The problem is the
inability to represent the correct product shape.

Measurement: Check whether unresolved features exist in the current part.

Supporting information: Commonly this happens with fillets and chamfers. Unresolved
features can lead to problems in the further process chain because they are not correctly
defined. In many cases, this problem leads to non-updateable parts, but in some systems a
part can be updated and still contain unresolved features.

Recommendation: Correct unresolved features.

2.6.2 Inactive feature used: O-FE-IF

Problem description: Inactive features or primitives are elements within the history tree
temporarily not involved in any topological operation. The existence of inactive features
might lead to confusion about its necessity and validity.

Measurement: Check whether inactive features exist in the current part.

Supporting information: Inactive features can be used for creating derivatives (variants) if
one branch is representing variant A and another one variant B. If some part regions cannot
be updated, errors might be bypassed by deactivating the branch (or the feature itself)
containing the corrupt part geometry.

Recommendation: Avoid using inactive features.

2.7 Elements

2.7.1 Non-standard element name: O-EL-EN

2.7.2 Unused element present: O-EL-UE

Problem description: Elements that do not contribute to the product shape (unused
elements) reduce the clarity of the description and might lead to problems during the
execution of modifications. Those elements unnecessarily increase the file size, with the
consequence of bad CAD system performance.

Measurement: Check whether unused elements exist that do not have a direct contribution
to the product shape.

Supporting information:
e Examples for unused elements in the Solids area are:

e Auxiliary geometry “without children,” i.e., geometry that is not required for the
development of solids,



e A body that will be completely taken up by a second one,
¢ A body that lies outside a second one and will therefore be subtracted from it,
¢ Not used, hidden design steps (e.g.,” dead branches”).

Recommendation: Remove unused (auxiliary) elements.

2.7.3 Prohibited element used: O-EL-PE

2.7.4 User-defined element used: O-EL-UD

Problem description: In some CAD systems, users are allowed to generate customised
entities. Such entities are usually unknown outside the creating CAD system, i.e., will be lost
during data transfer.

Measurement: Check whether user-defined elements are used.

Supporting information: User-defined entities might be used in a local purpose but should
be replaced by standard exchangeable elements before data exchange.

Recommendation: Avoid or replace user-defined elements.

2.8 Presentation
2.8.1 Non-standard colour settings: O-PR-CO

2.8.2 Non-standard element colour: O-PR-EC

2.8.3 Non-standard point marker symbol: O-PR-PT
2.8.4 Non-standard line type: O-PR-LT

2.8.5 Non-standard line width: O-PR-LW

2.8.6 Non-standard element visibility: O-PR-VE
2.8.7 Non-standard display mode: O-PR-DM

2.8.8 Element identifier display: O-PR-ED

2.8.9 Screen refit not performed: O-PR-SR

2.9 Sketch

2.9.1 Wrong degree of detail in a sketch: O-SK-WD

Problem description: Here, Sketches are understood as a basic element for further Solid
operations. In most systems, a user has the choice to put design details (e.g., corners,
chamfers, etc.) into the sketch or add them afterward with the help of solid functions. In the
different systems, the one or the other method is preferred to support changes and to avoid
problems (regarding continuity, changeability, etc.).

Measurement: Check the degree of detail (e.g., number and size of geometric elements)
of sketches.

Supporting information: A sketch containing too many and small details (e.g., corners,
chamfers, etc.) is called an over-detailed sketch. The definition of “many” depends on the



part complexity. Further operations on over-detailed sketches (extrusion to solids, etc.)
might lead to unnecessarily high degree geometry, complexity, or design errors.

Recommendation: Create sketch complexity related to the company standard.

2.9.2 Not fully constrained sketch: O-SK-NC

Problem description: A sketch should be fully constrained so that all degrees of freedom
are defined. Sketch constraints fundamentally reflect the design intent. A missing constraint
might lead to unpredictable results when using, positioning, or dimensioning an element.

Measurement: Check whether the sketch is fully constrained.

Supporting information: Constraints enable one to control the different properties of
objects in a sketch, e.g., dimensional (positions, line length) or functional (parallelism,
alignment, tangency, etc.).

Recommendation: Create only fully constrained sketches (neither over-constrained nor
under-constrained).

3. Drawing

3.0.1 Tiny elements: D-GE-TI

3.0.2 Embedded elements: D-GE-EM

3.0.3ISO conformable texts: D-OR-SC

3.0.4 CAD source notice: D-OR-SN

3.0.5 References on external databases and libraries: D-OR-ER
3.0.6 External 2D drawing present: D-OR-XD

3.0.7 2D/3D linkage not present: D-OR-DL

3.0.8 2D drawing not updated: D-OR-DU

3.0.9 Number of drawing sheets exceeded: D-OR-ND

3.0.10 Missing plot frame points: D-OR-PF

3.0.11 Unlimited size of view frames: D-OR-VF

3.0.12 Empty drawing view: D-OR-EV

3.0.13 Non-standard view name: D-OR-VN

3.0.14 More than one 2D co-ordinate system present: D-OR-CS
3.0.15 Fake dimensions: D-OR-FD

3.0.16 Non-standard display accuracy of dimensions: D-OR-DI
3.0.17 Associative dimension not present: D-OR-AD

3.0.18 Non-standard view dependent object: D-OR-VD

3.0.19 Wrong view projection method: D-OR-VP

10



4. CAE data
4.1 Tiny finite element: A-TR-TI A-QU-TI A-TE-TI A-PE-TI A-PY-TI A-HE-TI

Problem description: During the meshing process, the software packages use automatic
algorithms upon some rules. Resulting mesh may contain small elements. These involve an

increase of the time of some computations.
Concerned elements: All types
Measurement : The length of the smallest edge of the finite element.

Supporting information: Usually finite element simulations have no difficulties with small
elements, but the crash analysis often uses an explicit method to iterate time steps. In this
method the time step has to be smaller than the time used by sound to go from one vertex to
an other. That is why, in this case, all the small elements have to be greater than one limit

given by the user.

Recommendation: Rebuild the mesh in order to avoid tiny finite elements

Example : Tiny finite element

4.2 Minimum angle of triangular element: A-TR-MA A-TE-MA  A-PE-MA
A-PY-MA

Problem description: Any angle of a triangular element has to be greater than a minimum
value.

Concerned elements: All TRIA elements and TRIA faces of TETRA, PENTA and PYRAMID
elements.

Measurement: Angles of the triangle.
Supporting information: A too-small angle suggests a near-degenerate element.

Recommendation: Use a better rule to build the mesh or rebuild the mesh locally.

11



Example : Minimum angle of a triangular element or triangular face

4.3 Warpness: A-QU-WA  A-PE-WA  A-PY-WA  A-HE-WA

Problem description: The warpness of the quadrilateral means that the geometry is not
well represented.

Concerned elements: All QUAD elements and QUAD faces of PENTA, HEXA, and
PYRAMID elements.

Measurement: Ratio of distance between the diagonals by the maximum edge length.

Supporting information: A toolarge warpness ratio suggests that the mesh is too far from
the geometry.

Recommendation: Rebuild the mesh locally using smaller elements.

Example : Warpness of a QUAD element or quadrilateral face

4.4 Skew angle: A-QU-SK  A-PE-SK  A-PY-SK  A-HE-SK
Problem description: The effect of a skew angle is like a lozenge that is folded on itself.

Concerned elements: all QUAD elements and QUAD faces of PENTA, HEXA and
PYRAMID elements.

Measurement: S =(90°-A) where Ais the angle in degrees between the two lines joining
the opposite middles of the QUAD. If they are not on a plane, take a parallel line of one line
passing by a point of the other line.

Supporting information: A too-small skew angle suggests a near-degenerate element.

12



Recommendation: Rebuild the mesh locally.
/ﬂ

Example : Skew angle of a QUAD element or quadrilateral face

4.5 Taper: A-QU-TA  A-PE-TA A-PY-TA A-HE-TA
Problem description: The effect of a taper is like a trapezoid close from a triangle.

Concerned elements: All QUAD elements and QUAD faces of PENTA, HEXA, and
PYRAMID elements.

Measurement: Divide the QUAD element into two triangles using the first diagonal, and

then the same with the second diagonal. Compute all four areas A, .

Compute Ap = 0.25(A1+A+Az+A;) and Q= Max |A-An|/An
I

Supporting information: Q = 0 for a rectangle. Q > 0.5 may be seen as a bad value.

Recommendation: Rebuild the mesh locally.

A]_ A4

—

Example : Taper

4.6 Aspect Ratio: A-TR-AS A-QU-AS A-TE-AS A-PE-AS A-PY-AS A-HE-AS

Problem description: When a finite element has two vertices that are too clos,e it is quite a

degenerate element. This may lead to a bad conditioned system at the solving phase.

Concerned elements: All types.
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Measurement: Ratio = Ly / Lmax Where L, is the minimum length and L, the maximum

length of the edges of the element.

Supporting information: An edge must not be too small compared to the length of the

element.

Recommendation: Rebuild the mesh to avoid tiny relative edges of finite elements.

Lmin

Lmax

Example : Aspect Ratio

4.7 Free faces: A-TE-FR  A-PE-FR  A-PY-FR A-HE-FR

Problem description: A face usually belongs to two elements: one for each side. Free faces
are the faces belonging to only one element. Usually there is an outer boundary — the skin of

the model - made of free faces, but inside the model a free face is a mistake coming from:

e an element or several elements that are forgotten
e inconsistent elements

Concerned elements: All types of volumic finite elements: TETRA, PENTA, PYRAMID, or
HEXA.

Measurement: A free face belongs to only one element, but if it belongs to the outer

boundary it is not a mistake.

Supporting information: Inconsistent elements involve errors of computation, but in some
cases with particular additional conditions inconsistent elements are allowed. For example,
it may be the case for an acoustical and vibrations analysis: the mesh of the solid having
vibrations is thin but the mesh of the surrounding fluid for acoustic waves is coarse, so one
acoustic element is in front of several mechanic elements. In this case there are also the
corresponding coupled equations. It may be said that it is also the case when beams are

coupled with classical mechanical finite elements.

Recommendation: Check manually, whether such free face is on the skin or not.
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4.8 Continuity: A-TR-CO A-QU-CO

Problem description: In a mesh, a finite element and any next finite element need not be

too different in size. This criterion is useful mainly for surfacic meshes.
Concerned elements: All types of surfacic finite elements: TRIA or QUAD.

Measurement: Lmaxi / Lminz Where Linax: IS the length of the maximum edge of this element

and Lminz is the length of the minimum edge of the next element.

Supporting information: A surfacic element and one of its next elements have a common
edge.

Recommendation: Correct the mistake.

4.9 Stretch: A-TE-ST

Problem description:  Tetrahedric elements have to be

stretched in order to be regular enough.
Concerned elements: TETRA4 and lInTETRA10 elements

Measurement: S=R/(Lmax V24 ) where Risthe

radius of the inscribed sphere and

Lmax IS the length of the biggest edge. 4/

Lmax

Supporting information: S =1 for a equilateral tetrahedron.

) ] Example : Stretch
Recommendation: Rebuild the mesh locally.

4.10 Size of the model: A-TR-SM  A-QU-SM  A-TE-SM  A-PE-SM  A-PY-SM
A-HE-SM

Problem description: In order to avoid too long solving times, it may be helpful to limit the
number of nodes in the model.

Concerned elements: All elements.
Measurement: The number of nodes used by all sets of elements.

Supporting information: The limit may be specific to the tools used by the company to
compute the solution.

Recommendation: Try to rebuild the mesh with coarser elements.
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4.11 Jacobian: A-TE-JA  A-PE-JA  A-PY-JA A-HE-JA

Problem description: For any volumic element, a toolarge range of variations of the

Jacobian means a toolarge geometrical distortion of the element.

Concerned elements: all types of volumic finite elements : TETRA, PENTA, PYRAMID, or
HEXA.

Measurement: Ratio = Jmax / Imin  Where J(u;,vi,w;) for i = 1 to r is evaluated at the r points
used by the technology of the element to compute integrals by the reduced integration
method.

Supporting information: A TETRAA4 has always Jmax = Jmin @nd so Ratio = 1

Recommendation: Rebuild the mesh locally.

4.12 Middle point deviation: A-TR-PD A-QU-PD A-TE-PD A-PE-PD A-PY-PD
A-HE-PD

Problem description: When an edge is defined by three nodes, the intermediate node

should not be too far from the middle point between the first and the third nodes.
Concerned elements: isoTRIAG6, isoQUADS, isoTETRA10, iSOPENTA1S5,
iISOPYRAMID13, and isoHEXA20

Measurement: Ratio =D /L where D is the distance from the intermediate node to the
line going from the first node to the third node and L is the distance from the first node to the
third node.

Supporting information:

Recommendation: Rebuild the mesh locally.

4.13 Middle point alignment: A-TR-PA  A-QU-PA A-TE-PA A-PE-PA A-PY-PA
A-HE-PA

Problem description: When an edge is defined by three nodes, the intermediate node

should not be too far from the middle between the first and the third node.
Concerned elements: isSOTRIAG, iSOQUADS, isoTETRA10, iSOPENTA15,
isoPYRAMID13, and isoHEXA20

Measurement: Ratio = A/ L A is the distance between the projection of the
intermediate node to the line going from the first node to the third node and the middle point

between the first and the third node. L is the distance from the first node to the third node.
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Supporting information:

Recommendation: Rebuild the mesh locally.

Example : Middle point deviation and middle point alignment
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5. PDM Data

This section is intended to capture and present the data required and the quality of that data
for Product Data Management applications and a robust optimised utilisation of product data.
This would include many aspects of data management including tracking, recording, security,
exchange, interoperability, archiving, and many other aspects of the product data life cycle.
This section will be completed in a future version of this set of guidelines. The following are

expected subsections, providing a sense of what will be covered.

e Bills of Material
e Configuration Management Data
e Associatively

e Product Structure (Assemblies)

6. Inspection Data

This section is intended to capture and present the data required and the quality of that data
for inspection applications and processes. This would include many aspects of inspection
data such as points, scans, exchange, and others. This section will be completed in a
future version of this set of guidelines. The following are expected subsections, providing a

sense of what will be covered.
6.1 CMM and other sensing devices

(Editor's Note: There are CMM data quality activities going on in the U.S., directed by
AIAG and the National Institute of Standards and Technology (NIST), in which the auto

industry is participating. It is expected that this work will address this section.)
6.2 Gauging

Under development.

7. Prototyping Data

This section is intended to capture and present the data required and the quality of that data
for Rapid Prototyping. This would include many aspects of rapid prototyping including
creation, manipulation, exchange, interoperability, repairing, and many other aspects of the

rapid prototyping processes. This section will be completed in a future version of this set of
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guidelines. The following are expected subsections, providing a sense of what will be

covered.
e Stereo Lithography (STL)

e Fusion Discharge Machining (FDM)
e Layer Object Modelling (LOM)

8. Manufacturing Data

This section is intended to capture and present the data required and the quality of that data
for manufacturing applications and a robust optimised utilisation of the product data in a
manufacturing environment. This would include many aspects of data in the manufacturing
environment and processes. This section will be completed in a future version of this set of
guidelines. The following are expected subsections, providing a sense of what will be

covered.

e Tolerance

e Bills of Material

e CAM

e Virtual Assembly

e Process Data

e Jigs and Fixtures

e Tooling

¢ Manufacturing Process Analysis Tools

e Manufacturing Analysis Tools (e.g., mould flow analysis)

9. Quality Stamp

9.1 Background

9.2 Example

9.3 Fundamental bilateral agreements before productive usage
9.4 Quality Stamp Content

9.5 How to Realize the Quality Stamp

9.6 Manipulation Protection

9.7 Checking a CAD model with a quality stamp

19



9.8 Quality Stamp XML-file Example
10.0Other Data
11. Improving Product Data Quality

111
11.2
11.3
114
115
11.6
11.7
11.8
11.9
11.10
11.11

Readiness for Change
Project Management
Product Development Process
Supplier Roles

Cultural Drivers

Skills and Motivation
Communication

Technology Base

Reward Systems and Metrics
Checking Tools

Healing
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SASIG — PDQ Meeting Report 45 SASIG
“ strategic automotive product
~~_ data standards industry group

=> Create V3.0 of SASIG PDQ Guideline

B incl. Link to ISO 10303-59

=» Initiate new PAS proposal for SASIG PDQ V3.0
(to keep legal ISO status of SASIG PDQ)

=> Offer input of all SASIG PDQ deliverables + Part59
to SC4 WG13 'Industrial Data Quality' (ISO 8000-x)

B Have a joint announcement of JNC and SASIG
at November meeting (Busan) by Mr. Ohtaka and Mr. Tanaka

> Check availability of national PDQ _experts for WG13

Lutz Valkerath SASIG PDQ Paris (France), October 2008
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1. Background

(1) In the SASIG/Paris meeting: October, 2008, JINC(Japan National
Committee for ISO TC184/SC4) and SASIG agreed to collaboratively
develop PDQ related standards under ISO 8000 where appropriate
based on ISO 10303-59(PDQ-S) and SASIG PDQ deliverables.

(2) INC initiated two national committees, one for requirement gathering
and the other for standard development this year.

<Requirement gathering committee>

* representatives from JAMA/JAPIA

* arepresentative from electric/electronic industry association
e arepresentative from die industry association

* an expert of manufacturing preparation

 PDQ-S developers

<Standard development committee>

o all the experts who developed ISO 10303-59(PDQ-S)

2. Potential enhancements

The two committees have had several meetings since their initiation and
the following potential enhancements have been identified.

(1) Modularization of PDQ-S
(2) Edition-2 of PDQ-S
(3)1SO 8000-300

(4)1SO 8000-311

(5)Longer term issues

3. Basic development principle

Those standards which require technical resource model such as shape
model, CAE model , manufacturing preparation model will be
developed under ISO 10303 and standards for effective usage of
technical standards will be developed under ISO 8000.




4. Modularization of PDQ-S

» Though PDQ-S is already adopted by the SASIG PDQ Guidelines(V3.0)
by explicit reference, its modularization is required for making existing or
new SC4 APs into PDQ conformant ones.

* Five modules will be developed corresponding to five schemas;
product_data_quality definition schema
product_data_quality_criteria schema

product_data_quality inspection_result schema
shape_data quality criteria schema
shape_data_quality_inspection_result schema

» The former three modules are under development. They will be discussed
with STEPMOD experts and in the module coordination meeting.

* The latter two modules will be developed from now taking care of
appropriate consistency with ongoing shape related modules.

* Target date for completion is end of March 2010. 5

5. Edition-2 of PDQ-S

* Quality of discretized shape data may be treated as a natural extension
to shape data quality. Examples of discretized shape data are CAE mesh
data, rendering data, etc.

* Non-shape data quality criteria in the SASIG PDQ Guidelines will be
examined their appropriateness to be included in Edition-2, and selected
ones will be included with proper representation.




6. ISO 8000-3xx
(1) 8000-300

» 8000-300 will be situated as an ‘overview’ of all the PDQ related
standards under ISO 8000. The relationship of ISO 10303 and ISO 8000
may also be included.

(2) 8000-311(usage guide of ISO 10303-59)

» 8000-311 corresponds to ISO 10303-59 and will include usage guide like
descriptions for making application of ISO 10303-59 to real life problems
easier.

7. Longer term issues
(1) Long term data retention

* Requirements for long term data retention and those for PDQ seems to
be closely related.

» After necessary analysis, we may treat it in a future edition, or as a new
resource parts.

* A combination of product data and annotation data discussed in
SASIG’s DEV project is a candidate for long term data retention.




8. Plan

* A NWI including edition-2 of ISO 10303-59 and 1SO 8000-311 will be
submitted by the end of March 2010.

END
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AP 242 — AP 203/ AP 214 Convergence

“Managed Model Based 3D
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History of the Convergent AP activity

* For almost 20 years a significant amount of effort has been made by
the aerospace and automotive industry to develop the STEP AP 203
and AP 214 standards

— AP 203 edition 1 was published in 1994, primarily driven by aerospace and
defense requirements and developed and maintained by PDES, Inc.

— AP 214 edition 1 was published in 2001, driven primarily by automotive
requirements, and developed and maintained by the ProSTEP iViP and
SASIG organizations

* Harmonization has been ensured by the use of agreed methods and
recommended practices under the coordination of ProSTEP iViP and
PDES, Inc.

* While carrying out this work the opportunity for a convergent AP, based
on AP 214 ed3 and AP 203 ed2 has become more and more evident
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AP 242 in a Nutshell

» AP 242 is proposed as an alternative
— to maintain AP 214 ed3 and AP 203 ed2 as parallel efforts

— to develop AP 214 ed4 (based on modular architecture) and AP
203 ed3 as parallel efforts

— to continuously harmonize both APs as combined efforts

* AP 242 is an opportunity
— to introduce new STEP functionality at lower costs
— to optimize the development resources, and

— to strengthen the acceptance and support of STEP by all main
manufacturing industries

10-02-20




Overview of Differences between AP 203 and AP 214

Modular Architecture

— AP 203 ed2 is constructed using the STEP modular architecture,
AP 214 ed3 is still “monolithic”

Geometry
— AP 203 ed2 and AP 214 ed3 use the same geometric AIC

— AP 203 ed2 contains CSG and Solid Model Construction History;
AP 214 has CSG, but no construction history

PDM

— AP 203 ed2 and AP 214 ed3 are harmonized in the PDM area, but
not identical

— AP 203 ed2 uses the PDM modules

— AP 214’s scope is broader (product families, functional breakdown,
physical instances, etc)

Modeling
— AP 214 ed3 ARM model i is more detailed and uses a single

) - . “- SAS'G i : ‘|V|P
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Motivation — History, Present and the Future

* The development of the initial editions of AP 203 and AP 214,
which commenced in the early 1990’s, were focused on product
data exchange

— a steady harmonization between both APs has been ensured by
the use of agreed methods and recommended practices

* In the meantime new processes have resulted in specialized
functionalities for exchange, integration/sharing through

— Service Oriented Architecture SOA

— Visualization, and
— Long term preservation of 3D design information
* All new development efforts in the aerospace and automotive
industry will be based on
— 3D model based design methods

I
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Motivation — Opportunity and Objectives

* A convergent AP is an opportunity to

— optimize resources for maintenance of and harmonization between
AP 203 and AP 214

— strengthen the acceptance and dissemination of a new STEP
standard by major manufacturing industries worldwide
— Note

* In the case of failure, the aerospace and automotive industry, stick to
maintain, harmonize and enhance two diverge ISO standards in the
future

* Objectives

— deliver a convergent AP (AP 242) that will provide the
functionalities covered by the AP 203 ed2 and AP 214 ed3

— provide a sound basis for the future requirements / needed
capabilities

lower the costs of the efforts for maintenance, harmonization and

48 SASIG i iviP
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Basic Stakeholder Requirements

e Automotive Industry » Aerospace & Defense
— to provide all functionalities of Industry
AP 214 ed3,

— to become the cornerstone
— to manage the upward

Ads standard of the cross-process
COOMm(gaP“B{I/;%gIV'?gDeSm‘l and the capabilities for interoperability

— to provide a basis for possible of core engineering design
scope extensions for e.g. shape information under configuration

quality, parametrics, management
requirements management, » providing specifications for
etc., exchange and long term
— to gain broad worldwide archiving, _ _
acceptance of the new standard * providing a consistent business
by users and vendors, obje_ct model used for PLM web
— the broad availability of services, and
software products supporting * being the reference for the
the new standard mapping to 1ISO 3D light

visualization specifications
— to provide all functionalities of

strategic autornotive product _
E Furd D
data slandards indusiry group
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Usage Scenarios and associated Business Drivers

« 3D Model based design » Supplier data exchange

— Product design with a 3D — Business driver for _
master model including all automotive and aerospace:

the information typically on * The supply chain gains

technical drawings, e.g.
PMI, within this 3D model in
order to avoid technical

importance (increasing
work share and
responsibility) for the final
product

drawings completely » Therefore an efficient and
. . complete exchange and/or
— Business driver for

- sharing of the product
automotive and aerospace definition is important

» save efforts for drawing » The most efficient method
creation and gain is to base the exchange
efficiency, e.g. for and/or sharing on one
downstream processes, by standard
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Usage Scenarios and associated Business Drivers

(cont.)
* Long term archiving » Data sharing on SOA basis
— Business driver for — Business driver for
aerospace: automotive and aerospace:

¢ Documentation of * The extension of complete

10-02-20

aerospace and defense
products have to be
available more than 50
years, therefore long term
archiving based on 3D
model design is a strong
requirement

support of the product life
cycle for design,
manufacturing and support
in service to include
exchange with customers
(airlines, fleet, ...) in the
service life cycle, is
necessary

» Therefore compatibility
both with the OMG PLM
Services and with AP 239,




Usage Scenarios and associated Business Drivers

(cont.)

* Engineering Visualization
— Business driver for automotive
and aerospace:

e Since the number of data
consumers is much higher than
the number of data creators
(internal and external suppliers)
an engineering visualization
strategy based on a lightweight
visualization format can save
significant license costs for
data consumers while
increasing the availability of 3D
product data for all kinds of
applications

— Business driver for aerospace:
e Use of one single standard AP

242 for the long term archive
provides a consistent mapping

b

S
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» Other usage scenarios, includes
— Design to Engineering Analysis
— Design to Manufacturing
planning
— Design to NC planning
— Design to Inspection planning

Benefits of Convergence

» Better opportunity to add new capabilities

* Modular approach improves interoperability of APs
e Larger resource pool
» Spread the cost across a wide group of organizations

* No more time phased mismatch between AP 203 and AP 214
* No more time and money consuming harmonization work

» Single target for vendors

iy
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Components of AP 242

Definitions, Constraints,
AP 242 Examples

EXPRESS-G,
Definitions, Permissive
lists, Examples

Application
Objects

ARM Longform
ARM Business Object [ L AP 203 |}
Shortform Model | AP 214

; ((YEYollals))l (Entities, Information model
Constraints definitions, EXPRESS-G) .| ARM

Mapping
specification,

configuration

AM 442

Business Object
XML schema
(implementable)

MIM Longform
ompatibie

(implementable) \ to OMG
| PLM

[ | strategic automotive product
rRIES data standards industry group
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Scope of the proposed AP 242 standard

* AP 242 version 1 will provide at least all the functionalities
covered by the AP 203 ed2 and AP 214 ed3
* Itis sought to include additionally the “Shape Quality” modules,
derived from STEP Part 59 and based on the SASIG PDQ
guidelines
— Extensions should be mutually agreed upon by the stakeholders
during the development of the project
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Identified Risks

AP 242 mapping too difficult

— Lack of consistency for complementary standards such as OMG
PLM services or OASIS PLCS services

— Lack of compatibility of modular AP 233 and AP 239, with the
detailed design modular STEP APs, by difference in styles of
modeling

 STEP AP 242 not available in the time requested by
stakeholders (timely availability of funding)

* Unbalanced sharing of responsibilities and/or resources

* Unable to obtain sufficient funding for development of the AP
242

SASIG 1 ivie
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Summary

* Global manufacturing enterprises have a unique opportunity to develop
a new information model for 3D engineering

* This new standard is an opportunity to introduce new functionalities,
optimize development and maintenance resources, and strengthen the
acceptance and support of STEP by the main manufacturing industries

* To achieve this goal, a number of things are required
— cooperation from more aerospace and automotive industry
— aglobal alliance of committed organizations
— collaboration among various communities
— users
— software vendors
— standards developers

e ausiess A SASIG -
G, i - strategic automotive product
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Next Actions

* The path to realization of this new global information model is seen as
basically two steps

— Agreement by the various organizations that the development is required
needs to occur by the end of 2009

— The decision to fund the effort, and make those funds available needs to
occur in the first quarter of 2010

* One of the foremost requirements for AP 242 is to be developed and
implemented in a timely manner

— the reasons for this are that resources are finite, and companies have plans
that include AP 242
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LOng Term Archival and Retrieval

of Digital Data (LOTAR) al

LOTAR International
LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)
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“Long Term Archival and
Retrieval of Digital Product,
Technical, and PDM Data
(LOTAR) in a Global Industry”
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LOTAR Obijectives o

L o TA R LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

The four (4)

Major areas Geometric.

addressed Topology & | Dimensioning
Shape |Tolerancing &

by LOTAR.. Representation | PMI attributes

B
[FML RS MR- RANE A

Validation Rules,
e~ Properties & Data
T Quality Attributes

Example:

PDM/PLM &
Technical Data
Analysis Data

s #112 Extrude.l y
= | Type: oPEN_smELL Y v
- | Transferred Correctly A‘
Validation Successful

Area:2.4793e
Centroid Pesition

Error:1.5623%
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Project History -l

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

With the onset of Model Based Definition (MBD) development in January 1997, a Boeing team was
chartered to evaluate and develop a process to address the storage, retention and retrieval of 3D
Product Definition produced by MBD methodologies.

September 1998 an internal process was developed and accepted by the Certificate Management and
the Aircraft Certification Offices of the FAA. The FAA requested that the team meet with the Aerospace
Industries Association (AlA) and charter a project to write a standard that to address the storage,
retention and retrieval of 3D Product Definition Data that would be applicable to all civil aviation across
America. The AlA Project was chartered under the Civil Aviation Council (CAC) under the
Manufacturing Maintenance & Repair Committee (MMRC) in May 2000. The AIA team was formed and
held it’s first meeting in August 2000. The AIA Standard was completed and released as ARP-9034 in
Sept 2002.
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Project History &

LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

In October 2002 at the International Aerospace Quality Group (IAQG) meeting in Cincinnati OH, Rick
Zuray was asked to work with Jean-Yves Delaunay and the European LOTAR effort and together develop
a single set of harmonized standards that addressed the storage, retention and retrieval of 3D Product
Definition Data across the entire Aerospace Industry. The Team was chartered in Dec 2002 and was Co-
chaired by Rick Zuray , from Boeing and Jean-Yves Delaunay, from Airbus. The International team
meets 5 times a year and has developed several parts to the base Standard which will be released under
the name EN9300-Part-xx for Europe and NAS 9300-Part-xx for Americas. Since that pivotal moment, the
LOTAR activity has grown across the aerospace industry and continues to grow exponentially. The
team is now supported across 6 countries and by over 100 companies. With the formation of the AlA,
PDES Inc, ASD-STAN & ProSTEP consortium in August 2009, the ground work has been set up for more
aerospace companies to participate financially under three levels of membership.
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Key Objectives Al

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

* FAA requires current configuration for each
airplane in service.

— Type Certificate which includes all Type Design

» Preservation of complete Product Definition
including the original Design Intent.

» Type Design Data must be maintained for the
life of the product fleet which could exceed 70
years

LOTAR INTERNATIONAL PROPRIETARY

Key Objectives al

LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Since each type certificate is considered to include the type
design (reference: FAR § 21.41), the type design data must
be maintained and be retrievable for the duration of the type
certificate (operational life of the product/fleet).

It is important to ensure that the necessary and correct data
will be available when needed throughout the projected life
span of the product. Therefore, the applicant should develop
and submit a procedure for FAA approval describing electronic
submittal and storage of type design data.

LOTAR INTERNATIONAL PROPRIETARY




Evolution of Product Definition D G

LOTAR

LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Product Definition Data (PDD) creation, storage and distribution has significantly changed in the past

50 years. PDD is the source for “Type Design” as defined by the FAA.

Generation 1 Generation 2 Generation 3
The first generation (2D only: 2D Authority) | (2D and 3D: 2D Authority)
methods for PDD

creation were 2D
1 Lett view Left vied
caler 1:1
. 5.

manual board
drawings with
design engineers
and manufacturing
engineers. This
evolved into a 2D
CAD design method
which allowed the
digital creation of
2D drawing (without

Scale: 1:1

4

9,
o[ \
©

o

]

a 3D model) The 2D
Drawing is the st Model Based Design
authority. (MBD)

The second generation method of PDD creation used only CAD
design method which was based on use of 3D models and
output was both 2D models (drawings) and 3D CAD datasets to
drive CAM/CAI. The 2D Drawing was the authority for most
factory usage with the exception of CAM/CAL.

LOTAR INTERNATIONAL PROPRIETARY

The third generation
method is based on
the use of
parametric and
relational design in
3D Model Base
Data. The PDD
information is
defined only in 3D
models that contain
associative GD&T
and annotation to
effectively replace
the need for a 2D
drawing
representation. The
3D Model is the
authority but low
end visualization is
require to support
various end usages
— thus U3D.

LOTAR Objectives

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

b

LOTAR International

 For Digital Data, the challenge is that the data is often stored
in a proprietary, native format and will most likely be un-
interpretable over time. The use of a neutral archiving format
safeguards the interpretability of the data for a much longer

period of time, perhaps it’s entire retention period.

Archiving data in it’s native form requires periodic migration to
the new release (version) and this method quite often leads to
data loss and the repair can be costly. A typical technological

obsolescence cycle of a CAD generation roll (i.e. CATIAV4 —

V5) is 3 — 5 years.

Neutral forms make it easier to migrate the data based on the
way that the Application Protocols (AP)s are structured. In
addition, their life expectancy (obsolescence cycle) is

significantly longer in duration.
LOTAR INTERNATIONAL PROPRIETARY




LOTAR Objectives £

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

« Digital archives mandate that we capture and
preserve information in such a way that the
information can be accessed and presented at
any time in the future.

« An obvious challenge for archives of digital
information is the limited storage lifetimes due
to physical media decay.

LOTAR INTERNATIONAL PROPRIETARY

Lifecycle Information Planning [~

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

« Each responsible company needs to ask the
following questions in order to optimize and
standardize their data retention process:

1. Why are we archiving the data?
* Business Requirement
* Regulatory Requirement
» Organizational Requirement

LOTAR INTERNATIONAL PROPRIETARY




What information should we archive?
What is the configuration of the information?

2

3.

4. What is the information context?

5. What is the format of the information and what
final form does it need to be archived in?

6. How long do we need to keep the data?

/. How frequently do we need to access the data?

“Life Cycle Information Planning asks the question, how do
we retain our product knowledge throughout the life of the
product?”

LOTAR INTERNATIONAL PROPRIETARY

Lifecycle Information Planning [

L ' R LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

The Lifecycle of software & hardware is relatively short compared to the lifecycle of an aircraft.
Currently, for CAD S/W versions roll between 6 & 12 months with generations ranging from 3-7
years. This is compared to an aircraft lifecycle of 70+ years

Preservation Planning )

Administration

LOTAR INTERNATIONAL PROPRIETARY




Data Retention and Archive 7

Model A

LOTAR
Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)
* The following three categories distinguish retention
periods of data:

Short Term: This time frame is within one or two
version rolls (i.e. Catia V5 R12 — R13; UGS NX3-
NX4)

Medium Term: This time frame is within one
generation roll (i.e. Catia V4 — V5; UG 18 — NX1)

Long Term: This time frame is over multiple
generations (i.e. Catia V3 — V7; UG 16 — NX7)

LOTAR INTERNATIONAL PROPRIETARY

Data Retention and Archive model as defined by =
the project co-led by Boeing and Airbus

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

The Open Archive Information System (OAIS) model defines the processes and actors which ingest the data into an _'
archive, and which provide services to consumers of the data, including both query and retrieval. The most subtle
area, and possibly the least understood, is the construction of the web of information needed to correctly read the
data once it has been retrieved.

The LOTAR standard uses the OAIS reference model as a basic framework, providing specific guidance on
specialized types of data; initially Mechanical CAD/CAM/CAI and non-geometric meta data. The problem here is not
to be sure that the data comes in and out correctly, but that it is being correctly interpreted by the new generation
of software. That is, if information is data in context, and the context is the application which interprets the data,
then LOTAR looks at information retention. In short, how do we know that the design we look at in twenty years
time is the same as the design we look at in our current system?

LOTAR makes the assumption that we know what we need to archive. Lifecycle Information Planning asks the
question, "how do we retain our product knowledge (i.e. Design Intent) throughout the life of the product?" This is
wider than the OAIS question, "what do we need to be able to understand this particular package of data?", rather
asks "what data about a product should we keep?" Although the answer starts with obvious elements such as the
design and the configuration, it soon gets into areas such as the preservation of design rationale, the processes by
which the product was designed, and the organizational structures that enable those processes to operate.

LOTAR INTERNATIONAL PROPRIETARY




Open Archive Information System
ISO 14721

fiegsusociation - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

[

LOTAR International

Product Definition
Bill of Material
Build Definition
Support Definition

Simulations & Analysis
Additi | Dat: .
woes - Product Data Lifecycle Management

) Preservation Planning
I roucel’ Desci:‘i})give Data Deslcr:‘rfigtive Queries
R It
Management cets

m Archival Orders ‘
Storage
— . Consumer
Administration e |

Based on: Other
ISO 14721 “Open Archival Information System” Reference Model

Customers
Customer Support
Finance
Regulatory Agencies
Inspectors
Mechanics
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Data Retention and Archive
Model AN

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

The retention — archival model requirements shown
previously lead to four main areas of ronsideratinn:

[

Invariance: How important is it

to ensure that digital data is not .
altered. /

Objectives: Why retaining the
digital data is required.

Retention Period: The required ‘
period of time the data is to be stored.

Stored Form: The stored format of the digital data.

LOTAR INTERNATIONAL PROPRIETARY

RETHNTION

[Fomm [ | !

I
Stored Form ) JRStaians Formi)

Data Retention and Archive
&
Model i A

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

To ensure that the information has not changed and
provide evidential weight that the design intent has not
changed, the following categories distinguish
Invariance:

Auditable: Where validation methods and test
suites ensure that information cannot be changed
without the change being detected.

Implicit: Where the system is designed to prevent
changes. The system must supervise activities
which would result in changes of the digital data.
The supervision, for example, could be realized
within a separate write protected vault.

LOTAR INTERNATIONAL PROPRIETARY




Data Retention and Archive
LOTAR Model e

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

For digital data, the challenge is that the data are often
stored in a proprietary, native format and will most
likely become un-interpretable over time. The
objectives for keeping data are distinguished into two
major categories:

[

Legal/Certification Requirements: This includes
proof of technical documentation that support
Government & Regulatory laws.

Business Requirements: This includes keeping
knowledge of business processes and documentation.

LOTAR INTERNATIONAL PROPRIETARY

Four subcategories describe these =

LOTAR International

objectives in more detail:
LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

. ( Digital Signature S
1) To preserve the original N\ L %
adl| SN
data (generated by a source N e
system) so that it can be used =
as evidence of what the ST 0
configuration of the data was 4 » ¢ ®
at a particular point in time /{ — m
(i.e. date). This characteristic /—[%’ Qhiectlfes J 2
fits within the subcategory — ¥ Sz | »
“Legal/Cert Requirement” W ' 3
: Retention Period Long Term — I
¢ [DetaiILeveI T Acowate | > E
H = Approximate r
2) To keep the data avalla.ble ¢ [ | Native Representation | Representation
to new users over the period — e ——
in which it is kept. This G —
< Stored Form Standardized Format

characteristic fits with the /
subcategories “Legal/Cert
& Business Requirement”
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Four subcategories describe these =

objectives in more detail:

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Digital Signatire
( s 3 2 Auditable o )

e e
L S

3) To be able to preserve \

v

the source of the stored data. . [ rotreires ]
This characteristic fits with Invarlance - _
the subcategory “Business ERES Presarve Orgnl_j4 0
Requirement” ${_Keep Data Available [$== 5
0 m
\_Objectives j
4) To be able to reuse the > /‘m? — .
data (i.e. modify the design E :%@ ;
to meet new re.qL."re.men.tS)' (2 Retention Period — 2
This characteristic fits with I Z
the subcategory “Business ¢ Accurate — 5
H g ,r"y < : Approximate =
ReqUIrement ' ¢ [ | Native Representation | Representation

Stored Form Standardized Format

/ < Derived Representation | o
[Format Presentation _l—
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=% Representation and Presentation of 3D
: Geometric shape, tolerance and b

LOTAR annotation properties/attributes st

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

There is a key distinction between a representation
and a presentation of data.

In a representation, the computer holds the
information/data about the concept.

In a presentation the computer transforms the data
representation into a human understandable form.

LOTAR INTERNATIONAL PROPRIETARY
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< - LOTAR International
LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Levels of GD&T/PMI information

The preservation and exchange of GD&T/PMI information is currently the
main focus of LOTAR, However, there are different levels of information that
can be exchanged in that context, which are listed below The LOTAR work
group started with the Polyline Presentation approach described in the
“Recommended Practices for Geometric Dimensions & Tolerances
(GD&T)/Product and Manufacturing Information (PMI) Polyline
Presentation” document which was released last June 2008 based on the
users’ immediate need to capture this information in a STEP file.

As the long-term goal, the LOTAR working group intends to implement the
“Representation plus Full Semantic Presentation” approach, which will
render the most benefit for both documentation and reusability of data.

LOTAR INTERNATIONAL PROPRIETARY

| evels of Information &

L o TA R LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Representation

Describes the exchange of reusable, associative GD&T/PMI
information in a STEP file. This information is by itself not
visible in the 3D model, but a CAD system importing this file
can use the Representation data to re-create the visible
GD&T/PMI information. The representation approach also
aims to pass GD&T/PMI data on to downstream applications,
such as CAM.

LOTAR INTERNATIONAL PROPRIETARY
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LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Presentation

Describes the exchange of GD&T/PMI information in a way
that is visible for the user in the 3D model. There are three
levels of presentation:

ul
Semantic

Unicode symbols
& text literal strings w/ex

Polyline Presentation

LOTAR INTERNATIONAL PROPRIETARY

o L evels of Presentation &

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Polyline Presentation

This captures the information displayed for GD&T/PMI “as is”,
by breaking down the annotations and symbols into individual
lines and arcs. This approach is the only one independent from
the Representation, and is not machine-interpretable.

LOTAR INTERNATIONAL PROPRIETARY




Levels of Presentation &4
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Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Full Semantic Presentation

Adds all the positioning, styling and other information to the
Representation, so that an importing system supporting this
capability can fully re-create the GD&T/PMI information in
the 3D model, by combining the information content from
the Representation with the display settings given by the
Presentation. Unicode.

LOTAR INTERNATIONAL PROPRIETARY
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Unicode Presentation

STEP resource parts provide a number of pre defined symbols that can be
used within the context of PMI (ref Unicode-STEP mapping Chart). There
are a number of forms of such symbols; the two of most significance are
terminator symbols (arrows etc.), dimension symbols and geometric
tolerance symbols. For the former, each symbol can be considered as a
distinct object which can be handled using the pre defined symbol form.
However, while dimension and geometric tolerance symbols could be
handled that way — that is not really the optimum way of supporting
interoperability between CAD systems and STEP......

LOTAR INTERNATIONAL PROPRIETARY
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Unicode Presentation cont.

The reason for that is that within the CAD systems, the PMI data is typically handled
as sets of character strings where the specific tolerance symbols are represented, in
a proprietary way, within the string. It is possible to break the strings up and extract
the symbols but in doing this the relationship of the tolerance symbols with the rest
of the text is completely lost. In particular, the position of a symbol at a specific
point within the string is lost. For example @ 78-82  J24-28

This could be handled as a single string within a CAD system but would result in
one or two text literals in STEP together with three symbols which are related only
by virtue of belonging to the same PMI; any sense of order would be lost.

A better way of supporting this data which would maintain the wholeness of the data
would be to map the whole string as a text literal and to use the Unicode characters
to denote the symbols. This maintains the semantic information that the diameter
range is 7.8 to 8.2 and the depth range is 2.4 to 2.8.

LOTAR INTERNATIONAL PROPRIETARY

Representation: This describes the

different logical forms of data ad

LOTAR International

LOTAR
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* A native representation is that created by and is
proprietary to the source system format.

» A derived representation is a transformation of the
native data, which may be based on a native or
standardized format (e.g., a .pdf may be derived from
a text document as an alternative representation but
the information context remains unaltered).

» A presentation is a visualization of data to a user,
(e.g., a 2D drawing, a capture or printed sketch of the
product data representation).

LOTAR INTERNATIONAL PROPRIETARY




Format: This describes the different ;
physical formats of the data. &4
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« A native format is a specific format of data in a syntax which is
proprietary and dependent on a specific system or interface.
A native format depends directly on the lifecycle (versions,
generations) of the related system or interface.

» A standardized open format is a format of data in a syntax,
which is defined by a broad community, such as ISO, and
which is independent of specific system or interface. “Open”
means completely and precisely documented in syntax and
semantics and is applicable for free. In addition,
standardization processes regulates the change processes for
the standard.

LOTAR INTERNATIONAL PROPRIETARY
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MBplcs ' o
*Vendor support Visualization

/s"Q *Low end viewing data and documents

/2
9%,  MBD/MBE
7 » Company Strategy

* Key to harmonization
all model based efforts

Investigating

MBengineering
*Maturing
*1950’s manual drawings
+1980 CAD

+1990 3D wireframe
+2007 3D Solids, MBD

MBmfg
Investigations
*Demonstrations
*NIST sponsorship

Key Message

LOTAR Enables
*Retaining Company Investments
*Exchange, Reuse and Repurpose
*Regulatory Requirements
Interoperabity with Supply base

MBsusta
LOTAR
*Testing
*AP 203 E2, AP239, AP238
*Retain investment of data and information
for data exchange, reuse and repurpose
*Regulatory requirements
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The LOTAR International working group is operated under the
AlA, PDES Inc., ASD-STAN and the ProSTEP iViP consortium.
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LOTAR International Work Breakdown =

Structure (WBS) sohasmrtue

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

WPO:

Project Management
I

v v v v
WP1: WP4: WP6: WP7:
Development Implementation of Harmonization Communication
of Basic Parts Pilot Projects (AIA, ASD, PDES Inc, (FAA, EASA, ...
ProSTEP iViP, ISO, IT Vendors,
CAX Impl. Forum, ...) Standardization)
WP2: WP5:
| ,| Development |,| Development of
of Common L-T Archiving
Process Parts Rec. Practices
WP3:
| ,| Development
of Data Domain
Specific Parts

LOTAR INTERNATIONAL PROPRIETARY

NAS9300 - EN9300 standards
1-20 & 100 series Thrusts

b

LOTAR International

~
/ \ . N
|' Basic [Part1: e Part 3 Barid o ! I' Common [Part 10: Common Process \‘
: . /777 Iy P Part 11: Data Preparation | |
I Parts Common| | Requirements | [Fundamentals | | Methods| |Authentication | 1 rocess ‘
: Overview| |(V1) = V2 in ballot| | and concepts and Verification : I Parts Part 12: Ingest |
| ! E : I
| Part 6: Part 7: Part 8: Part 9: Q12010 : : Rartl=s Arch.lval Storage |
l Functional Terms and Security Certification | Part 14: Retrieval J
| Architecture references ? ? R [Part 15: Removal |/
N ——— — ? ______ L S > e
oo . | Part 16: Test Suites
N\
F 3D Part 100: Part 110: Part 115: 7 v P [Part 17: Audits | :
" CAD Fundamentals & CAD 3D CAD 3D (explicit) » arts [Part 18: Validation N
: 3 & concepts explicit geometry| assembly structure 11 = \
 Detail 11 [Part 19: TDB | |
i Explicit 3D Geometric Shape Representation 1 - |
| Geometry " l_Part 20: Preservation Pin b
| Wlth PMI Part 120: V1-V3 Part 125: 1
I CAD 3D explicit geometry CAD 3D explicit geometry : [ ] \
L& (Detail) with PMI & F-F (Assy) with PMI & F-F (R Retesseprensn
I .

: Assembly Explicit 3D Geometric Shape Representation including Product & 1 : Comments received
| Parts Manufacturing Information (PMI) and Form Features : answers/update in progress]
| .
. with PMI Part 130: Part 135: R
: CAD 3D Param geometry CAD 3D Param 1 97y : Sent for ballot by ASD & AIA
| (Detail) with PMI & F-F (Assy) with PMI & F-F : : In preparation

\ Explicit 3D Geometric Shape Representation including Product & /

A Manufacturing Information (PMI), Form Features & Parametric Attributes £§ \ Q3/09 :planned data )

~ -~




NAS9300 - EN9300 standard overview
» | 200 & 300 series Thrusts + RP/Specs
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___________

’ 3D Composite

___________

1 STEP AP Work
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i Design : : 1
1
] 2010 | Q32009 IS )
Part 200: ¥ Part 300: o AP203E2: 1
: Fundamentals & 1, | Fundamentals & 1 : Addition of PMI 1 PMI RP
1 & concepts : 1 & concepts : ' as a2 2008 : : :
! ! 1 tart b ECD 07.31. |
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1 ' 1l L Specification - RP ;
|
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WP1, WP2
Development of LOTAR standards £7

’ by versions bkt
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version 1 version 2
(2003-2009) (2009-2011)
* Basic parts '+ Basic parts
(requirements...) § — Preservation Planning (2009-2010)
e Process parts (_) — Audit & Certification (2010)
« Parts for LTA of: + Parts for LTA of:
— CAD 3D & assemblies ; — CAD 3D with GD&T / PMI

_ CAD 3D with GD&T / PMI (technology 2 “full representation”)
(technology 1 “POIYIines”) E — Product Management Data

— CAD 3D Composite Design

* A Smgle standard for — Priority 2: Parts for LTA of:

US & Europe _ » CAD 3D Electrical Hamess
aerospace industries '+ Consolidation of the international
(AIA — ASD Stan) . __organization & harmonisation efforts

A complete set of parts  Ax Implementor Forum for LTA
for implementation L PROPRIETARY




WP3: Development of -

N Data Domain Specific Parts B M

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

P120 V1: LT Archiving of CAD3D with PMI “Polylines
presentation”

P120 V2: LT Archiving of CAD3D with PMI
P125 V1: LT Archiving of CAD 3D assembly structure with PMI

P200: Fundamental and concepts for LT Archiving of Product
Management

P210
P220:

P300: Fundamental and concepts for LT Archiving of
3D Composite Design & Manufacturing information

P310: LT Archiving of 3D explicit Composite Design information

P400: Fundamental and concepts for LT Archiving of
3D electrical harness Design & Manufacturing information

LOTAR INTERNATIONAL PROPRIETARY

WP4: s

- Implementation of Pilot Projects bkt

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

- Part 120 V1 2009

—Unicode validation properties with OCR

—User Defined attributes
Pilot activity with DS, PTC and Siemens (partially through
Theorem Solutions) to evaluate semantic GDT/PMI solution
Rep/Pres in addition to testing out using equivalent
Unicode strings values as validation properties for polyline
annotations and evaluating a number of semantic User
Defined Attributes stored as STEP entities.

(Pilots run from Sept. 28" — Dec. 4t 2009. ).

LOTAR INTERNATIONAL PROPRIETARY




WP5: Development of -]

L-T Archiving Rec. Practices ottt

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

LOTAR

« How to implement LOTAR via OAIS model
within various Aerospace organizations.

 Applications to Automotive, Shipbuilding
and Nuclear energy Industries have shown
a large interest.

LOTAR INTERNATIONAL PROPRIETARY

b

LOTAR International

Status: 2009 — 2010 actions

LOTAR
Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)
« Consolidate project coordination at the International level
— Joint project plan for 2010
— Complete 2009 project funding set up at the regional levels
» Europe and USA
— Finalize communication actions (Web site, LOTAR on a page, ...)

» Secure the 2009 pilots activities for LT Archiving of
CAD 3D with PMI information, requesting funding

» Finalize the publication of the balloted and reviewed LOTAR
parts (2 V2, 5,7, 100, 110, 115)

» Support to the preparation of the convergent STEP standard for
LT Archiving / interoperability of PDM and CAD 3D with PMI
information

— Opportunity for the creation of new STEP entities for 3D with PMI

LOTAR INTERNATIONAL PROPRIETARY




2010 LOTAR International -
workshops and teleconferences M

LOTAR
Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

* 4 workshops:

— March 15-19, 2010 — Gaithersburg, MD. in conjunction with PDES Inc. offsite and
the CAx-IF — Hosted by NIST

— June 15-17, 2010 — Toulouse, France — Hosted by Airbus

— September 13-16, 2010 — Charleston, SC in conjunction with PDES Inc. offsite —
Hosted by PDES Inc.

— December 7-9, 2010 — Ottobrunn (outside Munich), Germany - Hosted by EADS
Eurocopter

+ Several weekly teleconferences
— PDM team, every Monday
» Organized by Cecil New and Heinrich Byzio
— 3D with PMI team, every Tuesday & Thursday, with sub teams
» Organized by Rick Zuray
— Project Leadership Meeting, every Monday

» Organized by Rick Zuray & Jean-Yves Delaunay
LOTAR INTERNATIONAL PROPRIETARY

Summary &

©
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LOTAR International

* To take full advantage of the benefits of MBD/MBE, it is
imperative to retain the 3D product definition in an application
neutral format that is usable and not modified over time.

« STANDARDS enable the packaging of data and information for
enterprise reuse and repurpose applications as well as enables
data exchange between the Product Approval Holders and their
Supply base with accurate and secure data.

» World-wide military projects are requiring contractors to be
compliant to open standards for all facets of engineering,
manufacturing and life cycle support

LOTAR INTERNATIONAL PROPRIETARY




Summary &

LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

A key component to bridge the design, build, and maintenance of
our products, within Aerospace companies and their partners and
suppliers, is Representation and Full Semantic GD&T both at the
detail and assembly levels, however, this is a long term target for
the LOTAR team and it’s development will be phased based on
technological maturity and industry need.

LOTAR INTERNATIONAL PROPRIETARY

Conclusion i

LOTAR International

LOTAR

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

* Model Based Definition enables all the model based
effort to take advantage of maturing technologies
and proceeding independently

— Need to harmonize the effort to maximize reuse
and repurpose

— Need to retain and preserve the investment of
data and information

« The LOTAR Project enables the packaging of data
and information for enterprise reuse and repurpose
applications as well as enables data exchange
between the PAH and their Supply base with
accurate and secure data.

LOTAR INTERNATIONAL PROPRIETARY




Contacts &

LOTAR International

Aerospace Industries Association - Aerospace and Defense Industries Association of Europe — Standardization (AIA-ASD Stan)

Rick ZURAY ALA-ASD-STAN Jean-Yves DELAUNAY

AIA — ASD Stan LOTAR project co-chair e AIA — ASD Stan LOTAR project co-chair
Technical Principal Ny CAD-PDM Information Interoperability
Preservation of Digital Prod, Tech & PDM |~ EMSA — Process Architect

The Boeing Company L E ¢ Airbus

Office: (425) 717-2654 Office: (33) (0) 5 -61 -18-31-31

Mobile: (206) 778-6730 J ! Mobile: (33) (0) 6 -76 -36-50-59

Mail to: richard.s.zuray@boeing.com LOTAR InfernaGonal Mail to: jean-yves.delaunay@airbus.com

LOTAR INTERNATIONAL PROPRIETARY
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Content

» Objective of the use of the part 59

» Presentation of the use of a quality control tool
in the industry: e.g, Q-Checker

» Using of the quality report STEP

» Advantage/Drawback of the quality report STEP
for the Long Term Archiving
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Objective of the use of the part 59

» Provides specifications of product data in general :
— The representation of quality requirement
— The quality measurement
— The quality inspection result

» This standard can be extended to deal with non-shape
data quality in the future.

&
8
°

3 AzemresTAn (i §

Presentation of Q-Checker

» Interface:
— Check tool in CATIA V4 and CATIA V5 (not a conversion tool)
— Graphical interface linked to the APl of CAD System
— Geometric and non-geometric criteria

» Reports:
— List of checks with status according to different model types
— Format (XML, text, html, Odette SASIG, ...)

» Status:

— Operational, integrated in PDM for Airbus and extended enterprise
(400M program)

4 ASCMR-STAN @f@;ﬁp




Process: example with Q-Checker tool

Current process:

Control CAD
native

CAD file

v

Reports (XML,

Q-Checker ~
. \ text format,
/ ! html, Odette
H—J
CAD System Presentation

non-standard

» The geometric rules detected by this quality tool is shown directly on
the CAD system. This tool lean on the API of the CAD System

Potential
process:

Control CAD
native file with

STEP quality
report (Part 59)

CAD file

\
\

Link between-.__
the geometric
entity and the
guality entity?

A4

Q-Checker

Report (XML,
| text format,

A

A 4

Report STEP
(Part 59)

2

hd

| html, Odette
SASIG ...)

. J
Y

Presentation
non-standard

Need a tool which transform

it i5n presentation form

at?
ACCMRA-STAR
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|iViF'

nd AECMA-STAN
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Integration of the Report STEP (Part 59) in

the current process?

Internal link between the
geometry entity of CAD file and
the geometry entity detected by

Q-Checker allows the

visualization of the quality error

_in the CAD file

CAD file

N

Q-Checker

Report

A

A

*Id of the geometry entity of CAD file
is different to the STEP CAD file.
*The conversion split some
geometric entity

Conversion

So, how create a link between the

guality report and the geometry
STEP?

STEP
CAD 3D

-
-
-
-
-
-

-
-

STEP

(Part 59)
7y

1

1
U
’

-
.

L|nk between quality entity
(Part59) and geometric

entity (Part 42)

]
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Interoperability between CAD System ?

Company

A 4

CAD System 1 [«

By direct interface

or STEP interface

Quality control tool
for CAD System 1

A 4

Report STEP 1
(Standard format
based on part59)

onversion

Native quality
report file 1

tool

> Note:

— The native quality report is not interoperable without a standard format

ﬁComparison’?

Subcontractor

» CAD System 2

A 4

Quality control tool
for CAD System 2

Report STEP 2
(Standard format
based on part59)

VL

Native quality
report file 2

— Some sets of rules and their tolerances must be the same

CAD system has not the same tolerance software and the conversion CAD
system to other CAD system create some geometric transformation

7
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Advantage/Drawback of the quality report
STEP for the Long Term Archiving

Current process:

STEP CAD 3D

Native quality

| Viewer STEP without
geometric quality

s

X

report
Pr | of futur : ;
ODOSG: of future STEP CAD 3D || Viewer STEP with the
Process. Link between - o geometric error visualized
geometric entity and |
quality entity Y v v v
Quality report
STEP (Part 59)
» Remark:

— The current process is operational

— For the future process, Quality report STEP and Viewer with quality
integrated is not created for the moment

8
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Summary/Questions

» Use of quality report STEP
— Create a standard report
— Create with the native quality tool
— Compare for interoperability
— Create a link between the geometric entity and quality entity (for LTA)

» Questions
— What are the business cases of the part 59 for the user perspective?

» External enterprise
e LTA (Visualization)

— Is the current SASIG/ODETTE report of Q-Checker sufficient as a standard
report format? (*)

— It seems that it is not very relevant to compare quality report before and after
conversion of a model.

» During the conversion the model is submit to some transformation (*)

— it seems not possible to link the STEP quality report from Q-Checker interface
(not yet existing) (part 59) to the CAD STEP file.

-
* - see the back — up slides ° ASCMR-STAN (e

nd AECMA-STAN
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Report SASIG/ODETTE (1/2)

HHEEGIN_MODELSTRUCTURE

HHICNOT T SFUJTO0
WHDIRECTORY :
C:hHomeswsafesdata
HHMODEL H
F2528963400500-FLX04_001_sSoL01_001. CATPart
HHCHANGE  2006-06-26 11:28:55
WHJSER 1 safe
HWHCAD-SYSTEM : Catia v5 R12 sP5 Build Date 01-23-2004.22.00
WHOP-SYSTEM  win32 5.1 service Pack 1
WHEYTE H]
HHCOMMENT
ABSS042B35L
WHSTANDARDS
DIMEMSTION
MODEL DIMEMSION : 0. 000000
MODEL UNIT T <unknown:>
MODEL SCALE T <unknown:>
MODEL TOLERANCES :
IDENTICAL CURVES : 0. 010000
INTERSECTION PROJECTIONM : 0. 010000
INFIMITY : 10000, 000000
EENDING : 0, 100000
STEP : 2. 000000
\ﬁ(\kTYP -
360 ELEMENTS
4 ELEMENTS
42 ELEMENTS
2 ELEMENTS
10 ELEMENTS
58 ELEMENTS
1 ELEMENTS
ROOTPArt 1 ELEMENTS
referencerlane 3 ELEMENTS
Parteody 1 ELEMENTS -
opengody 2 ELEMENTS 2
solidFeature 4 ELEMENTS 2
surface 12 ELEMENTS H
surfacebatumFeature 22 ELEMENTS <
Plane 1 ELEMENTS H
Curve 4 ELEMENTS S
sketch 1 ELEMENTS s
Axissystem 1 ELEMENTS 8
solidbomain 1 ELEMENTS <
*HCOLOR =
WHSTRUCTURE &
LAYERS : 5
LAYERZ0Q : 482 ELEMENTS &
WWEND_MODELSTRUCTURE o g
IS
1 ACCMN-STAN (Fem" ©

Report SASIG/ODETTE (2/2)

HHBEGIN_OWERVIEW_CHECKRESULT

Criteria 'Ip  !Par.l lpar.2 lPar.3 lsel. Ent !'wio. Ent
=========================l|=z===l z========l =========l = ========l = ======== | =========
Tiny elements IMla '0.020000 ! - ! - ! 1! 1
Tiny segments IMlb 10, 000100 ! - ! - ! 1! 1
Identical elements M2 10, 020000 1 - ! - ! 1! 0
Foint continuity IM3a !'0.010000 ! - ! - ! 1! 1
Tangent continuity IM3h 10.100000 110, 00000 ! - ! - ! -
Curvature continuity M3c 11.000000 11,500000 110000.00 ! - ! -
Folynomial degree 'M4 15, 000000 ! - ! - ! - ! -
wWaviness M5 12000000 13,000000 1210000.00 ! - ! -
MuTtinodes / nodedistance!mMa 10.000001 ! - - - -
Mini segment boundary ISU8 '0.020000 ! - ! - ! - ! -
Mind curv-radsundef norm 'sSU9 110, 00000 '0.000100 ! - ! - ! -
angle between boundary ISU10! 2, 000000 1178, 0000 | - ! - ! -
Mormal switch 1511150, 00000 ! -1 -1 -1 -
ratch number PSUL1Z 100, 0000 ! - ! - ! - ! -
Unused patches 513! - ! - ! - ! - ! -
Boundary intersection 'F14 10, 010000 | - ! - ! - ! -
Distance edge to surface !F15 !0.010000 ! - ! - ! - ! -
uniform orientation IFla ! - ! - ! - ! - ! -
Segment number in edges F17 19.000000 ! - ! - ! - ! -
Branches 'T18 !'3.000000 ! - ! - ! - ! -
Mormal orientation IT1G ! - ! - ! - ! - ! -
sharp edge IT20 1178.0000 ! - ! - ! - ! -
Unused constr. geometry !5024! - ! - ! - ! - ! -
Cavity 150251 - ! - ! - ! -1 -
mMultd-volume saolid Is026! - ! - ! - ! 1! 0
Multi-solid part 150271 - ! - ! - ! - ! -
[ -1

*wEND_OVERYIEW_CHECKRESULT

© 2005, ProSTEP iViP Accociation and AECMA-STAN
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Quality modification by the conversion

Catia V5

Export

Report Q-Checker 1

A 4

STEP

Import

y

Catia V5

Report Q-Checker 2

V5-> [ Conversion STEP --> CATIA Conversion correlation
STEP V5 R11 SP2 Q-Checker
PAR| PART 2221\; SOLID i%l;\‘le VOL CONV|CDG CONV| DIFF VOL DIFF CDG é
T NB| CONV/ V5 NB V5 V5 V5 (%) V5 (mm) (%) (mm) Report 1 Report 2 &
oK 11 | ok |0,00036803]0,00010146]0,0011040830,000414007 2 narrow face 1
1]ok / 10 tiny face edge
4 narrow face
2lok OK 171 OK ]0,00014309| 2,119E-08 ]0,0155971080,000391666 / 12 tiny face edge
2|]oK OK 1/1 OK 0 9,9494E-07 ] 0,000760283 | 1,76442E-05 |2 embedded surfaces / 1
8 embedded surfaces
OK mn OK ]0,00273264]0,00057489] 0,00253745 |0,000107239 4 narrow face 1
4]OK 15 tiny face edge
4 embedded surfaces
OK 11 OK 0 2,9082E-08] 0,00110176 |0,000232655 6 narrow face 1
5]OK 2 narrow face (1 keep) 14 tiny face edge
2 embedded surfaces
OK mn OK 0 9,8153E-06 | 0,00381548 |0,000119006 6 narrow face 1
6]OK 27 tiny face edge
4 embedded surfaces
OK 11 OK ]0,00051397| 3,1111E-05]0,001713239 | 3,84589E-05 2 narrow face 1
7]oK / 15 tiny face edge
8 narrow face
OK mn OK [0,00321673]0,00035059] 0,00696957 |0,001672571}8 tiny face edge 8 narrow face 1
8J|OK (same all 8 tiny face edge
9|OK OK 1/1 OK 0 1,0003E-06 | 0,000760254 | 1,76699E-05 |2 embedded surfaces / 1
10]OK OK 1/1 OK 0 1,0003E-06 ] 0,000760254 | 1,76699E-05 ]2 embedded surfaces / 1
1 narrow face
11]ok OK 171 OK 0 1,7187E-05] 0,00349597 | 8,59753E-05 / 5 tiny face edge 1
6 embedded surfaces
4 non tangente faces 4 non tangente faces
OK 171 OK ]0,00685381|0,00068608] 0,00203762 | 0,00030683 (same all) 4 narrow face 1
12|]OK 24 tiny face edge

With the same set of rules and tolerances, the conversion creates some geometric

differences
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Introduction

The representation of product data shape quality is
considered critical by the PDES Inc. Long Term Data
Retention (LTDR) task group.

Vice-chair of LTDR, Doug Cheney, requested comments
on three international PDQ works before Hershey
A team within LTDR studied:

— 1SO TC184/SC4 WG12 N4471 (CD 10303-59)

— SASIG PDQ Guidelines, Issue 2.1 5/25/05

— prEN 9300-110:2006 LOTAR Draft 01 5/06

Deliverables to WG12 Part 59 team:

— A perspective on the three international PDQ efforts

— Product shape quality criteria mapping (.xls file)

— Comments on N4471 (Part 59)

© PDES, Inc. 2006
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Presenter’s view point PDES, Inc. ®

View point is broad-brush and architectural

— What is the big picture for product data quality in STEP?

— What is the role of Part 59 in this picture

— Can we get Part 59 out now while we are waiting on the total picture to

get clearer?

View is not towards refining definitions of individual criteria or even
comparing them with LOTAR or SASIG-PDQ. l.e. nota
harmonization viewpoint.

Harmonization of the criteria across Part 59, LOTAR and SASIG-
PDQ not seen as a barrier- not the big issue.
Architecture for STEP product data quality is the big issue.
Viewpoint not constrained by participation in Long Term Data
Retention although the viewpoint is related in some ways — we want
to archive data in the highest quality form that we can but accept
the possibility that an archive could be quality agnostic. Itis just
saving information for posterity (or for a few seconds) not making
judgments on it. LTDR has been active in identifying key product
characteristics for archiving but they are key for quality as well.

© PDES, Inc. 2006
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Presentation Outline PDES, If6.®

= PDQ mapping — what is the value?

.«m PDQ efforts in perspective
— SASIG-PDQ

— LOTAR

— Part 59

m What distinguishes the Part 59 effort

m A Quick view and discussion of the PDQ criteria
map

m Comments (approximately 30)

m Path Forward
— Leveraging the value of a STEP Integrated Resource

© PDES, Inc. 2006
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PDQ Mapping: What is the Value?  roes inc

Appreciation for product shape quality criteria
commonality

See the possibility of harmonization

Leveraging different modeling techniques

Potential elimination of duplication of effort

Be tempered by different viewpoints and strategies

Understand approaches to industrial immersion and
change management

Understand how Part 59 could become the formal basis
for LOTAR and SASIG

Enhancing the role of Part 59 as a STEP Integrated
Resource by doing a 360

Better envision role of STEP and a path forward for Part
59 leadership in the international arena

© PDES, Inc. 2006

=3

PDQ Mapping: What is common PDES, Inc.®

Motive and rationale
All starting with CAD explicit geometry quality
Common focus on BREP model

Similar concept sets.
— Target entities

— Criteria

— Inspection report

All have in the range of 50-80 quality criteria
Criteria overlaps and gaps are not severe

All recognize down-stream impact of poor quality
product data

All recognize PDQ dependencies on context
All avoid prescribing implementation algorithms

© PDES, Inc. 2006
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PDQ Mapping: What is Different? PDES, Inc.”

Industry viewpoint and sponsor

Standardization approach (EN9300, STEP,
SASIG)

Presentation
Level of formalization

Extensibility mechanism (formal vs informal)

— Part 59: AP + sub-typing of Part 59 entities

— LOTAR: more behavior extensions to Part 10303-42
— SASIG-PDQ: extend the quality guide

Usage (collaboration vs archiving)

© PDES, Inc. 2006
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PDQ I\/Iapplng SAS'G'PDQ PDES, Inc.®

Sponsor: Strategic Automotive Product Data Standards Industry
Group (SASIG)

Automotive industry/CAD guideline

A finished and released work

Focused on narrative and pictorials

No formalization — no modeling of criteria

First document has strategy to move PDQ to non-geometry, CAE
data, PDM data, inspection data, prototyping data, manufacturing
data

Data exchange/sharing-for-collaboration focus

Shows STEP as a major file format

Has presentation criteria (drawing-sketch)

Has CAE criteria

Rich chapter on industry immersion/change management
Criteria coding system and presentation distinguishes this effort

© PDES, Inc. 2006
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PDQ Mapping: LOTAR PDES, Inc.”

Sponsor: European Association of Aerospace Industries
Part of larger standardization package EN9300

Usage focus is long-term archiving not general
exchange/sharing of product data for collaboration

Emphasis on building archival packages (provenance)
within OAIS framework

Uses STEP geometry AIC 514 Advanced BREP as core
models

Driver: Aerospace & defense product design for
regulatory and contractual compliance

Validation addressed as well as verification
AP239 used for inspection reporting

Distinguished by their behavior-based WR extensions to
BREP entities (strong use of ISO 10303 EXPRESS)

Work in progress — editing remains

© PDES, Inc. 2006
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PDQ I\/Iapplng Part 59 PDES, Inc.®

m Very high quality editing

m Developed under severe STEP IR methodological
constraints — well done!
Developed by a mature team of STEP practitioners
Focus on formalization and precision
Good balance of models and narrative
Supports PDQ growth in other PDQ areas by providing
extensibility options

m Multiple use cases supports diverse customers

m Well rationalized criteria taxonomy

m An ISO 10303 class act

© PDES, Inc. 2006




What distinguishes the Part 59 effort roes, inc -

Very high editing quality

— Conformance of Express to Express-G almost flawless

— High level of consistency throughout document
Methodological rigor and formal modeling

— Produced well under the constraint of IR development
Completeness (most complete set of criteria)
Precision and expressiveness

— Measurement requirements WR clauses

— WR clause narrative explanations

— Measurement process narrative

— Distinguishing between targets and locators

Reuse of existing STEP models

Dual extensibility

— Sub-typing within the Part 59 IR

— ARM mapping

© PDES, Inc. 2006
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Some Questions on LOTAR
February, 2010

PDQ-R Committee
This document summarizes some questions raised from the committee members of the
Japanese PDQ-R committee. (X.Y) after each comment implies comment raiser’s name.
1. General Questions
<Appropriate width and depth of standardization>
Q1: In general, if a standard covers very wide area and its content is very precise, it may
decrease flexibility of design/manufacturing activities and may cause unreasonably time
consuming and complicated data transformation. Therefore, moderate width and depth is
desirable. What is the principle of the LOTAR project on this issue (K.M)?
<Categorization of application of LOTAR standards>
Q2: Those discussed in LOTAR project will finally fall into some categories on its application
such as mandatory standards, guidelines for which there is some freedom of application,
recommendations with weak constraints, etc. What is the principle or basic idea of the
LOTAR project on this issue?. This information will be effectively used for selecting CAD
systems or data format (K.M).
<Classification of business requirements>
Q3: It is understood that the objective of LOTAR is largely classified to cope with
legal/certification requirements or business requirements. Business requirements will vary
depending on intended purpose or expected scenario for reuse of data. Is business
requirement further classified to cope with different scenarios such as applied design,
quality guarantee of supplementary product creation after the termination of volume
production, etc.? Is required functionality corresponding to each scenario such as viewing
only, measurable, changeable, etc. already defined in LOTAR? Is prioritization of business
requirements already discussed and agreed (M.O, K.M)?
<Target data>
Q4: Is the target of long term retention limited to computer sensible electronic data, or other
media such as paper or microfilm are also considered (M.O)?
Q5: It is understood that LOTAR targets not only design information but also GD&T and PMI
information needed in down stream applications. Does PMI include manufacturing related
data such as die data, line data, equipment data, jig and fixture data, etc.(M.0)?
2. Specific Questions
<Data processing procedure>
Q6: We'd like to know more details of expected data save, validation and retrieval procedure,

especially its difference depending on retention period (short term/ medium term/ long term)



and also depending on different use scenarios (H.H).

Q7: Is concrete recommended procedure on what shall be done and how to do it for each
different use scenario discussed and defined such as CATIA data shall be transformed to
STEP data just after the termination of volume production, etc.(M.O)?

<Expected formats for 4 major areas>

Q8: It is understood that four major areas are addressed by LOTAR which are;

(1) Geometry, Topology & Shape representation

(2) Geometric, Dimensioning Tolerancing & PMI attributes

(3) PDM/PLM & Technical data

(4) Validation Rules, Properties & Data Quality Attributes

What format is expected to be used for each area (A.O, M.0)?

<Product knowledge/ Design intent/ Design rationale>

Q9: We understand today’s CAD systems (or we may say today’s IT) do not allow full
representation and exchange of design intent. GD&T information, geometric constraints,
parametric information may be regarded to partially represent design intent but it is very far
from full representation. What is the understanding of LOTAR project and what portion of
design intent is critically required for long term retention? If you have a concrete plan to
realize design intent exchange, please let us know (A.O, K.I, K.M).

<Regulatory requirement>

Q10: It is understood that satisfaction of regulatory requirements is a mandatory condition
for LOTAR project. What kinds of regulations are taken into account (M.0)?

<Lawsuit requirements>

Q11: It is understood that satisfaction of lawsuit requirements is also a mandatory condition
for LOTAR project. What kinds of information are thought necessary to cope with lawsuit
requirements, 2D drawing?, 3D model data only?, specification document?, design change
request?, inspection report? (M.O)?

<Precise location of annotation>

Q12: Precise location of annotations on a drawing will become more and more important in
the future. Does LOTAR have any plan to possess precise location information (K.M)?
<Validation stamp>

Q13: Validation stamp for preventing unauthorized change of data and for guaranteeing
authorized production is very important. In what specification do you plan to realize it (K.M)?
<Relationship of 3D annotated model and BOM>

Q14: Do you have any plan to guarantee consistency of 3D annotated model and
corresponding bill of material? It is frequently the case that drawing related information does

not completely fit with manufacturing related information such as BOM, which causes some



complexity of data management (K.M).

<Locations of multiply used Parts>

Q15: In the development of airplane, a component part having the same part number is
multiply used in different locations. Therefore, location information becomes important. Is it
included in the target of long term retention? One related question is how plane body
coordinate system is represented, that relates to BOM (K.M).

<Link information between component part and corresponding CAD file>

Q16: There are link between the two such as “Apply this annotation/specification for
manufacturing child-2 part”. Is this kind of link information between a physical product and
a CAD file in scope of LOTAR (K.M)?

<Others>

Q17: Deep discussion within LOTAR project may reveal missing or insufficient functionality
of CAD systems. Is it within the scope of LOTAR project to push CAD system vendors
aiming at strengthening of CAD systems (M.0)?

Q18: Source of the stored data

What does it mean by “source of the stored data"?

Q19: Missing GD&T information

We understand that STEP AP 203 ed2 covers most information required for full semantic
presentation. Why you should take stepwise approach such as Polyline /Unicode/Full
semantic?

Is it caused by today’s limited functionality of viewers or CAD systems? If any important
capability is missing in STEP, what is it?

Q20: Validation rules, properties and relationship with data quality

We'd like to know details of validation rules and properties. If some of them are related with
data quality, what are they?

Q21.: Pilot project

It is written in the project history slide that a pilot project on Part120 V2 and Part125 V1 is
run where NIST, DS, UGS, PTC,etc. are involved. Is it within the scope of STEP AP 203
ed2? If anything more are added, what are they?

Q22: Compaction of data size

In aerospace industry, tub information such as (<Part>BODY-101-01<Part>) is used for
representing relationship among data such as AP203 or XML. In order to decrease amount
of data, abbreviation of tub information had better be discussed. Is it already discussed in
LOTAR project (K.M)?

END
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