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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In other circumstances, particularly when there is an urgent market requirement for such documents, a
technical committee may decide to publish other types of normative document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in
an ISO working group and is accepted for publication if it is approved by more than 50 % of the members
of the parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agreement between the members of a technical
committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting
a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a
further three years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS is
confirmed, it is reviewed again after a further three years, at which time it must either be transformed into an
International Standard or be withdrawn.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/PAS 26183 was transposed by Technical Committee ISO/TC184, Industrial automation systems and
integration, Subcommittee SC4, Industrial data, in collaboration with the Strategic Automotive product data
Standards Industry Group (SASIG) under the ISO/TC184/SC4 Harvesting Process, as defined in SC4
Standing Document (SC4N1198), Procedures for Transposing Externally Developed Specifications into 1SO
Deliverables.

At the time this document was created, SASIG member organizations included the following:

— Automotive Industry Action Group (U.S.)

— Federal Chamber of Automotive Industries (Australia)

— Groupement pour I'Amélioration des Liaisons dans I'Industrie Automobile (France)

— Japan Automotive Manufacturers Association (Japan)

— ODETTE Sweden

— Verband der Automobilindustrie (Germany)
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This set of guidelines is a joint effort by the organizations that comprise SASIG. In particular, the following
organizations contributed the major content of this work:

— Automotive Industry Action Group (AIAG)

— Groupement pour I'Amélioration des Liaisons dans I'Industrie Automobile (GALIA)
— Japan Automotive Manufacturers Association (JAMA)

— Verband der Automobilindustrie (VDA)

— ODETTE Sweden

Other SASIG member organizations that contributed to the document include:

— Federal Chamber of Automotive Industries (FCAI)

Though not SASIG member organizations, the Japan Automobile Parts Industry Association (JAPIA) and the
Verband Deutscher Maschinen- und Anlagenbau (VDMA) also contributed to the guidelines.
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SASIG

Automotive Industry Action Group (U.S.), Groupement pour I’ Amelioration des Liaisons dans
I’Industrie Automobile (France), Japan Automobile Manufacturers Association (Japan) / Japan Auto
Parts Industries Association (Japan), Odette Sweden AB (Sweden), and Verband der Automobilindustrie
(Germany) are members of the Strategic Automotive product data Standards Industry Group- SASIG.
These organisations are cooperating in the creation, distribution and use of joint documents, including
PDQ (Product Data Quality), PDM Assembly Data Exchange, XMTD (Exchange and Management of
Technical Data), DEV (Digital Engineering Visualization).

SASIG PUBLICATIONS

A SASIG publication reflects a consensus of those substantially concerned with its scope and
provisions. A SASIG publication is intended as a guide to aid the manufacturer, the consumer and the
general public. The existence of a SASIG publication does not in any respect preclude anyone from
manufacturing, marketing, purchasing, or using products, processes, or procedures not conforming to the
publication.

CAUTIONARY NOTICE

SASIG publications are subject to periodic review and users are cautioned to obtain the latest editions.

MAINTENANCE PROCEDURE

Recognizing that this SASIG publication may not cover all circumstances, SASIG has established a
maintenance procedure. Please refer to the Maintenance Request Form at the back of this document to
submit a request.

Contact information

Contacts information to SASIG is available on http://www.sasig.com

SASIG Copyright and Trademark Notice:

The contents of all published materials are copyrighted by members of SASIG, AIAG, Galia,
JAMA/JAPIA, Odette Sweden, VDA Copyright is not claimed as to any part of an original work
prepared.
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CHANGE HISTORY V1.0 - V1.1, FEBRUARY 2003
ALL SECTIONS:

General editing and clean-up of terms, references and graphic samples.

'SECTION I:

Add Criteria numbers to Table 5, rotate 90° and enlarge print for readability.
SECTION II:

Criteria 3.2.3.1 Change Non-Nurb to Analytical, all uses.

Criteria 3.2.1.12 inappropriate degree linear curve: G-CU-ID, added
Criteria 3.2.2.17 Multi-faced surface: G-SU-MU, added.

Criteria 3.2.2.17 Folded surface; G-SU-FO, deleted.

Criteria 3.2.5.2 Encoding modified.

Criteria 3.2.5.3, Non-nurbs face changed to Analytical Face; G-FA-AN.
Criteria 3.2.5.7, Multi-region face: G-FA-MU deleted.

Criteria 3.3.2 Identical elements changed to Embedded elements.

ATTACHMENTS:

Attachment A : Glossary
Applied approved Glossary changes.
Attachment C : Recommended Values

Table replaced with statement directing the reader to the websites of the respective
organisations for recommended values to be used in evaluating model quality.

Attachment D : Formsheet

Changed non-nurb to analytical.
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CHANGE HISTORY V1.1 -V2.0, SEPTEMBER 2004
ALL SECTIONS:

Gen@ral editing and clean-up of terms, references and graphic samples.
Contfol of English UK usage.
Docﬁment reorganisation:

Seétion III becomes Attachment F (former Attachment F is Attachment G)

Former Section IV becomes Section 11

SECTION I:

New chapter 1.7 How to use these guidelines

SECTION II:

Encoding has been modified to be compliant with the criteria reorganisation.
The former chapter 3.1 (Best Practices) has been deleted and its content has been dispatched
into the Non-geometric criteria chapter.

Chapter 3.1.2 Surface : Two criteria added :

e "Folded surface"

o "Inappropriate degree planar surface"

Chapter 3.1.5 Face : Numbering correction

Chapter 3.1.7 Solid : The three first former criteria has been transferred to the Non-geometric
criteria chapter.

Chapter 3.2.8 Model : The content has been transferred to the Non-geometric criteria chapter.

Non-geometric criteria chapter has been moved after the Geometric criteria chapter,and has been
completed.

Drawing Quality Criteria chapter : twelve new criteria.

Chapter 4 CAE Data : Completed with thirteen families of criteria.
Chapter 9 Quality Stamp : new chapter.

Former chapter 9 Other Data becomes chapter 10.

SECTION il

Chapter 11.11 Healing has been completed.

ATTACHMENTS:

Attachment A : Glossary
Unused words have been deleted.

Attachment B : Mapping between element types
Columns of Pro/E have been completed.

Attachment F : Business Case

Attachment G : Revision request
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CHANGE HISTORY V2.0 - V2.1, MAY 2005
ALL SECTIONS:

General editing and clean-up of terms, references and graphic samples.

Control of English UK usage.

FOREWORD:

Paragraph regarding improvements updated.

SECTION I:

SECTION II:

Chapter 9 Quality stamp has been revised.

SECTION lii:

ATTACHMENTS:

Attachment A : Glossary
New words have been added.

Attachment B : Mapping between element types
Columns of CATIA V4 and CADCEUS have been revised.
Column for CATIA V5 has been added.

Attachment H : XML Schema for the quality stamp has been added
Attachment I : XML File Example has been added
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PUBLICLY AVAILABLE SPECIFICATION ISO/PAS 26183:2006(E)

EXECUTIVE SUMMARY

The global automotive industry is increasingly dependent on electronic product data to design and
produce vehicles. Because of that dependency, problems with the quality of product data lead to
problems developing and producing the products. When its member organisations recognised the
problem, the Strategic Automotive product data Standards Industry Group (SASIG) decided the most
effective approach would be to produce this common set of guidelines on the aspects of product data
quality.

For the purposes of these guidelines, the term “product data” is defined as any and all product data
required from product conception to manufacturing. Therefore, product data include 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.

Following is the definition of product data quality, on which this set of guidelines is based:

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.

During product development, many people depend on data describing various aspects of the product.
The need for high quality product data is easy to describe at a high level: poor quality data costs money,
delays product development, and can result in poor quality products. These entire costs can be increased
even more by the need to spend extra money to meet a product development schedule and pay for
overtime labour or bring in temporary contract personnel to assist. Unfortunately, connecting PDQ costs
to their causes is rarely simple.

This set of guidelines provides a broad range of information captured in three main sections.

e Section I provides introductory and background material that frames the product data quality
problem. Topics covered include the nature of product data, high-level product data quality
issues, and how to use *this document.

e Section II contains specific product data quality criteria for users. In this version, the content
focuses primarily on CAD geometry, though other topics are also at least partially addressed.
The criteria describe specific problems that can occur and suggest how to measure them and
what to do when they occur.

e Section III provides information and methods that will help improve product data quality. The
topics covered range from readiness for change to reward systems to supporting technologies
such as tools for checking data.

In addition to the main parts, a set of attachments provides further information.

This document can be considered a work in progress. SASIG chose to publish at this stage because
delaying to fill in the gaps would keep valuable information out of the hands of those who need it.

Direct use of these guidelines by product data creators and users of all types is encouraged. The people
most likely to make regular use of Section II of these guidelines will be those who are responsible for
building and maintaining company product data guidelines or standards. Those most likely to use
Sections I1I and Attachment F are the managers, team leaders, and other people responsible for business
processes and results.

Documents

Document Sharing Hub

A1aA AR~ AT
Copyright International Organization for Standardization ghtS reserved 1
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO PAS 26183-2006


http://www.avadocuments.com/doc/iso-pas-26183-2006
http://www.avadocuments.com/doc/iso-pas-26183-2006

ISO/PAS 26183:2006(E)

FOREWORD

The Strategic Automotive product data Standards Industry Group (SASIG) comprises automotive
industry organisations from around the world. It was originally formed in 1994 to encourage the
development and promotion of STEP, the international product data exchange standard (ISO 10303),
within the automotive industry. Individually, the SASIG member organisations realised that if the
quality of the product data being exchanged was poor, even the best data exchange processes would be
of little value. They also realised that problems with product data quality were widespread and costly.
Each organisation was, therefore, developing its own guidelines and recommendations for improving
product data quality.

In 1999, the SASIG member organisations recognised their common interest in product data quality.
Verband der Automobilindustrie (VDA) proposed a focused meeting to consider how SASIG could
encourage greater collaboration in addressing this common issue. At that special meeting, the
organisations decided to cooperate in developing a common set of guidelines based on VDA’s existing
CAD data quality guideline (VDA 4955 V2) and other organisations’ documents. The intended result
would encourage the most effective and broadly applicable product data quality for the global
automotive industry. This commitment led to a series of workshops which, in turn, led to the
collaborative development of this set of guidelines.

This is Version 2 of the product data quality guidelines. As such, it does not cover all the potential
product data quality issues that have been identified. In the interest of putting useful information in the
hands of those who can use it, the participating organisations have decided to move forward with
Version 2 by gathering information already developed. The expected additional major topics for future
versions are included as major sections with summary information about what will eventually be
covered.

Revisions of the documents are published in case that corrections improve the quality of the documents
itself. SASIG and its Product Data Quality Work Group encourage suggestions for improving this set of
guidelines. Please use the form given with Attachment G.

SASIG encourages participation in this and its other activities by national automotive organisations from
all countries.
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Disclaimer and Explanation

At the time this document was created, Strategic Automotive product data Standards Industry Group
member organisations included the following:

e Automotive Industry Action Group (U.S.)

e Federal Chamber of Automotive Industries (Australia)

e  Groupement pour I'Amélioration des Liaisons dans I'Industrie Automobile (France)
e Japan Automotive Manufacturers Association (Japan)

e ODETTE Sweden

e Verband der Automobilindustrie (Germany)

The SASIG member organisations are expected to distribute these guidelines to their respective
members and other interested parties in their countries. While the SASIG member organisations are free
to translate these guidelines into other languages, this English version shall always be considered the
master document in case of a dispute. While distribution of the guidelines will normally be done as a
complete document, the SASIG member organisations are free to extract portions for use in other
documents. In such cases, the original source of the information shall be clearly documented. SASIG
member organisations may also distribute the guidelines through the SASIG PDQ Liaison Member
organisations.
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SECTION I: INTRODUCTION AND BACKGROUND

This Section introduces product data quality and provides background that frames the rest of the
document. It also provides guidance on using these guidelines.

1 Introduction

The global automotive industry is increasingly dependent on electronic product data to design and
produce vehicles. Because of that dependency, problems with the quality of product data cause
problems in developing and producing the products. When its member organisations all recognised the
problem and were all working on some aspects of product data quality (PDQ), SASIG decided that the
most effective approach would be to produce this common set of guidelines on the aspects of PDQ.
Addressing product data quality is a complicated issue. One underlying problem is that each user of
product data has different requirements for that data. The following are a few examples that focus on
CAD data.

e CNC programming — A CAD model of a part or tool that looks good on the screen or when printed
on paper may not contain the right set of information necessary for automatically programming a
CNC machine tool to make the part. There may be excess geometry or incomplete geometry, either
of which confuse the CNC programming software or result in an incorrect part or tool.

e Sructural finite element analysis— A CAD model that represents a detailed design typically has far
too much detail for structural analysis. The model needs to be simplified for a realistic chance of
getting a useful simulation. Examples of details that can get in the way include fillets and radii
added for such purposes as making the part more manufacturable.

e Tooling design — The original CAD model for a part that is going to be moulded or cast may not
have the parting line identified or the necessary draft built in. The allowance for the inevitable
shrinkage of a solidifying part may not be built into the model either. Similar allowances have to be
built into stamping dies for over-bending to compensate for spring back.

When too much or too little information is provided or the information is incorrect, the result is
increased cost and time. To be able to use poor quality data, someone must spend time, often extensive,
putting the model in a usable form. Sometimes the required changes are so time-consuming and
expensive that the recreation of a correct version of the model is more cost-effective. Recreating data
leads to the potential for introducing further errors in the data.

11 Product Data

For the purposes of this set of guidelines, 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. Examples of
product data include:

e CAD models (solid, surface, or wireframe)

e Engineering and manufacturing bills of materials
® Process plans

e Model revision history and effectivity

e Product assembly structure

e Numerically controlled machine-tool programs
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1.2 Define PDQ

The best way to characterise product data quality involves a base statement with two implicit themes.
The definition of product data quality on which this set of guidelines is based is:

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 II 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.

1.3 Need for PDQ

The need for high quality product data is easy to describe at a high level: poor data quality costs money,
delays product development, and can result in poor quality products. Unfortunately, connecting PDQ
costs to their causes is generally not so simple. During product development, many people depend on
data describing various aspects of the product, including:

e CAD users, who need data to help them develop related parts or other aspects of the product
based (in part, at least) on the geometry.

e Engineering analysis specialists, who need data to build analysis models.

e Tooling and fixturing designers, who need accurate part geometry as a basis for the design of
their manufacturing equipment.

e Numerically controlled machine tool programmers, who need to develop the program used to
machine parts.

e  Prototype builders, who need good representation of the products they have to make.

® Product quality inspectors, who need accurate representations of parts to ensure that they meet
the design requirements.

® Testing laboratories, who must understand the nature of a product in detail before they can
complete a test.

Problems in any of these or similar areas can generate substantial costs. The costs can be directly
realised by the need to:

e Check data for problems, regularly and repeatedly.

®*  When they are discovered, try to fix (successfully or not) data problems that are discovered.
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e Spend time re-entering problem data into a different system.
e Resend corrected data.
e Resend unsuccessfully or incompletely received data.

In addition, there can be indirect costs due to poor quality product data. These costs result from the
effect of data problems on work done or products produced using the data, such as:

e Correcting errors that appeared during data re-entry or correction
® Modifying or re-creating tooling

® Fixing warranty problems

e Re-doing analyses

e Re-building prototypes

e Delay in bringing the product to market

All of these costs can be increased even more by the need to spend extra money to meet a product
development schedule and by having to pay for overtime labour or bring in temporary contract
personnel to assist.

14 Master Data

The extensive use of computer-aided design to create geometric part data has given rise to multiple
representations for a component being provided to data recipients (for example, 3D solid, 3D wireframe,
and 2D electronic drawings). When different representations of the same part do not agree, the recipient
must decide which is correct. The lack of decision criteria has provided the opportunity for
misinterpretation. The following hierarchy defines which type of data has precedence (overrules the
others) in case of disagreement.

1. If asolid model is present, it should be considered the master data. Any other geometric
representations that do not agree should be considered to be in error.

2. [If there is no solid model, then a surface model, if present, should be considered the master data.
Any other geometric representations that do not agree should be considered to be in error.

3. [If there is no surface model, then a 3D wireframe, if present, should be considered the master
data. Any other geometric representations that do not agree should be considered to be in error.

4. 2D data are to be assumed correct only if they are the only type of data available.

While these rules of hierarchy may cause the use of data that does not agree with the geometry creator's
actual intent, having a commonly understood and accepted hierarchy will encourage consistency. When
all parties involved understand the hierarchy, then the creator will know which data type must be
correct.

Another problem arises from confusion due to too much information, where another hierarchical
approach can help. Because what is necessary versus what is considered superfluous is situation-
dependent, the way all geometry should be managed and presented must be defined.

Filtering the display of data elements to include only the most complex element types that define the
physical attributes of the finished component (i.e., edges, holes, etc.) should be the highest order in the
hierarchy. With this filter applied, the display would show the master data. Filters that include elements
such as construction geometry, reference geometry, history, etc., would be filters of a lower order. If a
conflict then exists in the other element data included in the data file, the non-master data would be
considered, by default, to be in error. An example of these conflicts is when a centreline does not pass
through the centre of a hole; the hole would be considered the master (see Figure 1). The hole is the
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physical attribute. The centreline is not a physical attribute of the part and would be filtered out by this
requirement.

Figure 1. Non-master centrelines incorrectly positioned

Another example is wireframe elements that do not coincide with the edges of a solid. The solid would
be considered a more complex element than the wireframe and therefore the solid would be the only
element displayed with the required filter applied (see Figure 2). The solid would be considered the
master and the wireframe would be considered in error.

Figure 2. Non-master wireframe structure inconsistent with solid

1.5 Drawing Simplification and Elimination

One goal of any product data quality improvement activity should be to reduce the reliance on paper
drawings and increase reliance on electronic representations of the product. This can be accomplished
in a phased approach where the content of drawings is simplified and reduced, coupled with increasing
reliance on electronic forms of the data. Hence, two companies negotiating CAD issues prior to contract
should actively consider simplifying and reducing the content of their drawings. To simplify the overall
process, a distinction should be made among drawings, simplified drawings, and information
drawings:

Drawing — This term describes the technical drawing in the conventional, classical sense according to
drawing standards such as DIN 199 or ISO 5457:1999. The corresponding drawing “represents an
object in its intended finished condition;” whereby, “in its depiction and with subsequent details, it takes
into account in a certain manner particular view points of the production.” This means it is possible to
fabricate a product based on the component part drawings. In addition, an assembly drawing shows
functional connections and, to a certain extent, the spatial relationship of several component parts to one
another. This type of drawing must also satisfy the agreed-upon quality criteria.

- Simplified drawing — The contents (scope) of supplementary CAD drawing data may be simplified

" appropriately given the prerequisite that a complete description of the component part through a 3D

- CAD data model exists. This simplified CAD drawing data, together with the associated 3D CAD data

- model, represent the complete data model. Taken together, the two forms of data must be adequate to

© produce the relevant component part. Both these types of descriptive forms must satisfy the agreed-
upon quality criteria.

Information drawing — Information drawings are incomplete and, perhaps, non-scaled depictions of
products or component parts. They only serve the purpose of providing supplemental information and
generally do not fall under any release procedures or any change control services. Because they do not
contain fundamental data needed for producing a part, information drawings need not undergo any
quality checks. For data quality considerations, the drawing used to make an offer is, for example,
considered to be an information drawing. Ultimately, all exchange of information, both master and
illustrative, should be electronic representations, ideally 3D CAD. That is, no “hard copy” drawings or
illustrations are needed.

Documents

Document Sharing Hub
© ISO 2006 — All rights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO PAS 26183-2006


http://www.avadocuments.com/doc/iso-pas-26183-2006
http://www.avadocuments.com/doc/iso-pas-26183-2006

ISO/PAS 26183:2006(E)

1.6 PDQ Document Strategy

SASIG has determined that this set of guidelines will be published in a series of versions with increasing
content.

Table 1. documents the PDQ strategy for developing the content of the different versions. The cell
entries and their meanings are:

e A —The need to address the topic is well established and the PDQ criteria are well-defined.
e B - The need to address the topic is well established but PDQ criteria are not yet well-defined.

Suggestions for the improvement of these guidelines are encouraged through the use of the form
provided in Attachment G - Revision request.

Tablel. PDQ document strategy

Process Chain
Content marked A appears in this version g g é —é
Content marked B is expected to appear in later % E r-é j'q::
versions = % ,%0 ;g
2| & & ;
5]
Wireframe Model A A A A A A A A
Geometry Surface Model n/a A A A A A A A
BREP Solid Model n/a A A A A A A A
CSG Model n/a A A A A A A A
. 2D Drawing B B A B B A B B
Drawings . :
] Associative Drawing n/a B B B B B B B
'§ Presentation B B B B B B B B
9,: Parametrics n/a B B B B B B n/a
O Features na | B| B|B|B|B | B |B
Non- Assembly n/a B B B B B B B
geometry Tolerancing n/a B B B B B B B
Surface Condition n/a B B B B B B B
g Material Properties n/a B B B B B B B
9 Parts Information B [ B|[B|B|[B|B|[B]|B
g FEA, BEA, ... n/a n/a B B B B n/a | n/a
KIN n/a n/a B B B B n/a | n/a
ROB n/a n/a B B B B B B
Configuration Management B B B B B B B B
Product Structure B B B B B B B B
Product Management Data B B B B B B B B
Measure Data n/a B B B n/a B B B
STL n/a B n/a B B n/a | nfa | n/a
Process Plan n/a B n/a B B B B B
NC n/a B n/a B n/a | n/a B B
RC n/a n/a | n/a B n/a | n/a B B
System Property B B B B B B B B
Technical Data B B B B B B B B
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Table 2. Document sections

Section | —Introduction and Background

1. Introduction Introduces product data quality and this set of guidelines.
Describes the types of product data this version of the guidelines covers as well
2. Data Applicability as coverage expected in future versions. Section 2 also describes various general

aspects of product data and the product data life cycle.

Section |1 —PDQ Criteria

Provides the data quality guidelines associated with various aspects of CAD data

3. CAD Data such as solid models, assemblies, surface models, tolerance data, and drawing
views.
Provides the data quality guidelines related to data used by and created by

4. CAE Data computer-aided engineering applications such as finite element analysis,

kinematics analysis, and dynamic analysis.

Provides the data quality guidelines for the data stored in a product data
management (PDM) system.

Provides the data quality guidelines for the data created for, used, and stored in
an inspection system.

Provides the data quality guidelines for the data created, used, and stored in a
prototyping system.

Provides the data quality guidelines for the data created, used, and stored in a
manufacturing system.

9. Quality Stamp Provides the guidelines for the PDQ check result.

10. Other Data Prov.ides the Qata quality guidelines for other kinds of data not captured in the
previous sections.

Sectionl 1 —Improving PDQ

11. Improving Product Data | Provides guidance on implementing PDQ improvements, including the use of

5. PDM Data

6. Inspection Data

7. Prototyping Data

8. Manufacturing Data

Quality appropriate tools and business processes in support of the direct creation of data.
Attachments
A. Glossary Glossary of terms
B. Mapping Between . .
Elemnent Types Mapping between element types across various systems and standards
C. Recommended Values Suggested values to use (by specific PDQ criterion) when checking for problems.

Example process and form to use between trading partners to agree on various

aspects of the data they will exchange.

E. SASIG-ODETTE Cross Cross reference between this document and sections covering the same
Reference information in the ODETTE version 2 recommendations.

Describes how to build a business case for addressing product data quality,

complete with templates to help gather and process the data.

G. Revision Request A form to be used to request a revision in this document.

D. Formsheet

F. Business Case

1.7 How to Use These Guidelines

These guidelines provide a broad range of information. The people most likely to use these guidelines
will be those who are responsible for building and maintaining company product data guidelines or
standards. However, direct use of these guidelines by product data creators and users of all types is
encouraged.

For any particular activity that uses product data, it is unlikely that this entire set of guidelines will
apply. A person using these guidelines is, therefore, expected to apply all the parts of this set of
guidelines that fit the particular circumstances. For example, when building surface models, the
guidelines specific to solid models will probably not be of value, but at the least, the guidelines about
wireframe models will apply.

In “real life,” the requirements of a particular activity may force a user to violate one or more guidelines.
When that happens, the user being aware that he or she is doing so is of value so that potential
downstream problems with the data can be identified in advance.
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2 Data Applicability

This chapter discusses how data can be applied and used in the product development process. It
describes the data life cycle, what happens to the data from initial creation through manufacturing,
archival, and re-use on future programs. It then describes data exchange and transfer, including
procedures and recommendations. Another topic is the concept of “healing” of data—the automated
repair of data problems—as opposed to identifying and preventing problems during the design process.

21 Data Life Cycle

Product data can be thought of as the commodity that is created by the different organisations that are
involved in developing a product. This implies that data, just as any product, have a "life-cycle." It
begins in the product data's infancy at some conceptual phase then evolves through more robust design
and release phases. The data may go through analysis phase, and will repeatedly be extracted, modified,
and re-submitted to a PDM system. If the design and data prove robust, they will end up in a
manufacturing environment and lead to an actual, physical product.

The data will be in many formats and varying degrees of completeness throughout this life-cycle. They
also contain peripheral information that may be necessary for some processes, such as the mid-plane, or
theoretical fillets used by analysis programs. Although the data are not always intentionally captured in
a model, they can often be extracted and utilised. In some phases it is acceptable to have only partial
data; in other phases, very complete and detailed data are required. In some cases too much data may be
provided for the required use.

By understanding the life-cycle of the product data and defining the state of the data and the
requirements at each phase and usage of the data, a controlled data flow can be implemented. The
requirements, content, and quality of the data can be defined and incorporated at each phase of
development, making the correct data available to the correct phase, at the correct time. Immense
savings can be realised by understanding this data flow and the requirements at each phase, reducing or
eliminating the need for recreating, repairing, or searching for data to be used in each phase of the
product development process.

This entire process may begin in an OEM or a supplier, and the data often get passed around and shared
in any direction within the supply chain (i.e., up to OEMs, down to lower tiers, or across to counterparts
within organisations). When this takes place, the data are transferred by some means (e.g., network,
internet, or tape or CD media). They may also be modified by many users and translated into different
formats to meet the different requirements of the particular discipline that is using the data at that phase
of its development.

If there are changes to the data in later phases of development such as manufacturing, ideally these
changes would be communicated back "upstream" to the origin or owner of the design data, or at least to
that PDM system. Although this rarely takes place in today's environment, it is crucial and potentially a
cause for a great deal of cost. If this modification for manufacturing does not get communicated back
upstream, the "master model" in the originating PDM system may have characteristics that cannot be
manufactured or features that are not optimised. Therefore, if the design is released in a subsequent
model year or design variation, the flaws will still exist. At best, these flaws may get caught by the new
manufacturing users. At worst, the flaw could make it through the process this time around; therefore, a
different, possibly flawed component may get manufactured.

The product data life-cycle does not end there. The design, characteristics, reliability, effectiveness,
warranty costs, and even reusability are often tracked. The value of tracking the product throughout its
useful life can affect future designs’ effectiveness, reliability, failure, and ultimately cost. Very often
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this design will be in use for several "generations" of a product. If the component is a cause of a
problem or costs, it should be re-evaluated before being released again.

The product data will eventually be stored for future reference or use and may eventually be archived.
There are certain regulatory requirements about keeping and making the data available at some point in
the future, often 10 years or more! This can cause great effort and expense in keeping the data and
having the appropriate systems available 10 years from now to read the data. The logistics of tracking
the data and maintaining these systems and back-up media is a very expensive proposition. In a future
release of this document there will be a section on archival data.

2.2 Data Exchange

In today's push for collaboration, supplier integration, and concurrent engineering, data exchange is
becoming a more integral part of the product development process. Data exchange may take place any
time product data is being shared. Exchanging data can take many forms. The following examples
illustrate some scenarios of data exchange.

. CAD A -> CAD A Even exchanging with the same CAD system (native exchange),
considerations must be taken in regard to configurations, accuracy, conventions, etc.

. CAD A -> CAD B Typically must be exported from CAD A to some neutral format (IGES,
STEP, etc.) and then imported into CAD B from this neutral format or via a direct translator.

e CADA ->CAXB Where CAX could be CAM, CAE, or another program that uses CAD
data. In this instance, the data usually must be translated from the native CAD A file into the
CAX B format. Unless a reliable direct translator exists, a neutral format file is likely to be the
best approach to exchange.

Because of the necessity of data exchange in the product development process, there have been many
studies done in the industry, and one factor always becomes the main factor in limiting successful data
exchange data quality. In fact, some studies indicate up to 95 percent of data exchange failures can be
traced to poor data quality in the original data.

A data exchange process, methodology, and formal agreement should be considered and implemented in
the product development process. Very thorough and robust guidelines regarding this exist in work
performed by the VDA, GALIA, and ODETTE (see Attachment C). The VDA recommends that all
companies conclude data exchange agreements in accordance with the VDA recommendation 4950 and
data quality agreements corresponding to this document (VDA 4955). These should take into
consideration individual company-specific rules and standards.

These agreements may have different fields of application. An agreement might apply to only one
particular part, whereas another might be applicable to a group of parts within a project. A fundamental
agreement at the company level could represent a good beginning and can form the basis for subsequent
agreements.

2.3 List of Data Uses and Associated Data Requirements

This chapter presents many of the disciplines that deal with CAD data in some aspect of product
development. The users in these disciplines can be creators or consumers of the data. They may only
use the data for visualisation, or make very complex mathematical analyses of the data. How users work
with the product data determines the formats most useful to them.

Table3. shows the file formats and geometry types that could be used by the particular discipline
listed. This information in the table encompasses how a process could be achieved using a variety of
formats. Different companies, organisations, and practices will perform the same task in different ways.
This table is meant to present a wide view and capture any data formats that might be used for each
aspect of product development. Although there are many other file formats that are not listed here, this
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table can be used as a general guideline for possibilities of using product data in the disciplines
specified.

Table4. conveys the format that each discipline will possibly use. Of course each organisation will be
different, but this table can be used as a starting point to determine which formats a product
development organisation prefers. A robust understanding of each of the disciplines' requirements and
preferences is crucial to implementing good data flow and data quality. This will not only depend on the
product development processes in your organisation, but also will depend on software applications,
infrastructure, and process flow, as well as personal techniques, methodologies, and preferences. Note
that in Table4. 3D includes all three-dimensional geometry, not just solid models.
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Table 3. Datarequirementsby use

File Formats / Geometry Geometry Other
Types type
o 5
g S
AR (T E 'E o 0 % > o
Discipline/ == | w _ 2 5 7
Format 2| b |9 | B |1 8| 8 |Se| S
CAD
Design X X X X X
Visualisation X X X X X X X
Assembly X X X X X X
Packaging X X X X X X
Review X X X X X X X
Drawings X X X X X X
CAM
Tool Design X X X X X
Simulation X X X X X
Assembly X X X X X
Automation X X X X X
Robotics X X X X X
NC X X X X
Analysis X X X X
Deformation X X X X X
CAE
FEA X X X X
CFD X X X X
Crash X X X X
Acoustics X X X X
Kinematics X X X X
Rapid Prototype
STL X X X X X
LOM X X X X X
FDM X X X X X
Inspection
CMM X X X X X
Gauging X X X
Fixtures X X X
PDM
Config. Mgt. X X
Data Structure X X
Meta-data X X
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Table4. Likely preferred formats

Preferences
s
Discipline/ Requi t 2 3
iscipline/ Requiremen . %- . .@ g
Y (o ™ = =
CAD
Design X X
Visualisation X
Assembly X X
Packaging X | X X
Review X
Drawings X X X
CAM
Tool Design X X
Simulation X X
Assembly X X
Automation X X
Robotics X | X
NC X | X X
Analysis X | X | X
Deformation X X
CAE
CFD X | X | X
Crash X X X
Acoustics X X X
Kinematics X | X | X | X
Rapid Prototype
STL X X
LOM X X
FDM X X
Inspection
CMM X | X X
Gauging X X
Fixtures X X
PDM
Configuration Management X
Data Structure X
Meta-data X

MA 1N 2NNe All w.ghts reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Full document details: ISO PAS 26183-2006

Not for Resale

ISO/PAS 26183:2006(E)

Documents
Document Sharinw-lub


http://www.avadocuments.com/doc/iso-pas-26183-2006
http://www.avadocuments.com/doc/iso-pas-26183-2006

ISO/PAS 26183:2006(E)

(Blank page)

Documents

Document Sharing Hub
© ISO 2006 — All rights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO PAS 26183-2006


http://www.avadocuments.com/doc/iso-pas-26183-2006
http://www.avadocuments.com/doc/iso-pas-26183-2006

ISO/PAS 26183:2006(E)

SECTION II: PDQ CRITERIA

This section describes the specific quality criteria that apply to various kinds of product data. In this
- version of the guidelines, the content is oriented toward CAD data. Future versions will add criteria for
- other types of product data, as is shown by the section headings hereafter.

| PDQ Criteria Coding System

This set of guidelines covers many different types of product data. For clarity and to support the
potential use of the content in formats other than a printed document, a coding system has been
established that explicitly identifies each of the checking criteria. This system is used throughout the
guidelines.

The coding system uses the structure shown here.

X -YY - ZZ

/ f N

Domain Representation Parameter
| dentifier I dentifier I dentifier

Figure 3. Structure of criteria code

An explanation of the codes is provided in the following list.

Criteria Code structur e values.
Values allowed for the Domain | dentifier:

A | Analysis M | Manufacturing

D |Drawing N Numerical control

G | Geometry - CAD data O | NOn-geometric

| Inspection P | Product data management

Values allowed for the Representation | dentifier:

AR | Assembly Representation OR | OtheR

CM | CAD Model PE | PEntahedron

CS | Co-ordinate System PR | PResentation
CU |CUrve PY |PYramid

ED |EDge QU | QUadrilateral
EL |ELements SH | SHell
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FA |Face SK | SKetch

FE | Features SO | SOIlid representation

GE | Geometry SU | SUrface representation

GL | Group / Layer TE | TEtrahedron

HE | HExahedron TR | TRiangle

LO |Edge Loop

Values allowed for the Parameter Identifier:

AD | Associative Dimension LU |Layer Usage

AN | ANalytical (previously non-nurbs) LW |Line Width

AP | Accuracy Parameter LY |Layer Used

AR | Assembly Relationship MA | Minimum Angle

AS ASpect ratio MH | Missing History

CL | CLosed element MU | MUItiple elements

CN | Co-ordinate system Name NA | NArrow element

CO | COlour settings NC | Not fully Constrained sketch

COntinuity ND | Number of Drawing sheets

CR | Curvature Radius NG | Number of Groups

CS | More than one Co-ordinate System NL | Number of Layers

CV CAD Version NM | Non-M anifold

DC | Degenerate Curve NO | co-ordinate system orientation

DI | Dlmensions NR | Non-Reference co-ordinate system active

DL |2D/3D Linkage NS | Non-Smooth curvature between elements -
(G, discontinuity)

DM | Display Mode NT | Non-Tangent angle between elements -
(G, discontinuity)

DP | Degenerate at Point OB | Outside bounding Box

DR | Number of DRawing sheets OU | Over-Used element

DU | 2D Drawing not Updated PA | Middle Point Alignment

EC |Element Colour PD | Middle Point Deviation

ED | Element identifier Display PE | Prohibited Element

EE | Encapsulated Entities PF | Plot Frame points

EG | Edge Gap PN | Physical file Name

El |External Item reference PT | Point marker Symbol

EL | Empty Layer group RN | Relatively Narrow

EM | EMbedded elements RS | Reference Set

EN | Element Name SA | Sharp Angle

EP | Empty encapsulated entities Present SC | Special Character
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ER |Explicit Reference

ISO Conformable text

External database Reference SE | cad Startup Environment
EV | Empty drawing View SK | SKew angle
FD |Fake Dimensions SM | Size of Model
FG |FraGmented SN | cad Source Notice
FO | FOlded element SP | Simplified Part
FR |FRee element SR | Screen Refit
FRee faces SS | Scale
FS |File Size ST | STretch
GL |Layer Group SU | Unit
GN | Group Name TA | TAper
GU | Group Used Tl | Tlny elements
HD |High Degree TS | Transformation Stored
HN | History not Used UC | Undefined assembly Constraints
HU | History not Updated UD | User-Defined element
HY [HYbrid UE | Unused Element
IC |Item data Consistency UF | Unresolved Feature
ID | Inappropriate Degree UH | Unused History
IE |ldentical encapsulated Entity UN | UNused elements
IF | Inactive Feature UP | Unused encapsulated entities
IG | ldentical element within many groups VD | View Dependent object
IK | Indistinct Knots VE | Element Visibility
IN | Item Name VF | View Frames
IP | Item Property VG |Vertex Gap
IR | Item Reference VN |View Name
IS | InterSection VO |Void
IT |Inconsistent Topology VP |View Projection
JA | JAcobian WA | WATrpness
LA |LAyer group WD | Wrong Degree
LG |Large Gap between elements - WL | Wrong Layer distribution of instances
(Gy discontinuity)
LN |Layer Name WV |WaVy element
LS |Local co-ordinate System XD | EXternal 2D Drawing

LT |Line Type
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3 CAD Data

This chapter describes the product data quality criteria associated with CAD data. It is divided into three
sub-chapters:

e 3.1 Geometric Quality Criteria Descriptions
e 3.2 Non-Geometric Quality Criteria Descriptions
e 3.3 Drawing Quality Criteria Descriptions

Note: All references to distance in the CAD data criteria in this section imply geometric distances
unless otherwise specified.

3.1  Geometric Quality Criteria Descriptions

Geometrical data quality provides information about how, and with what precision, geometry elements
shall be generated, so that the subsequent usability of these elements within the process chain is
possible. This section is organised along the natural hierarchy of data, beginning with curves and
ending with models. In all cases, the criterion addressing more complex geometry assumes that the
underlying geometry also satisfies the relevant criteria. For example, when applying the solid model
criteria, the model is expected to also meet the criteria for curves, surfaces, edges, edge loops, faces, and
shells.

Table 5 shows the relationships of the geometric quality criteria contained in this section. The rows of
the matrix represent categories of problems. The columns of the matrix represent categories of
geometric entities. Each cell of the matrix contains the title of the quality criterion (if there is one) that
addresses that row’s category of problem in the context of that column’s geometric entity. Combining
the encoding contained in the column heading with that of the row heading gives the encoding for the
specific criterion. Thus, “Inconsistent face on surface” is the criterion that addresses inconsistent
topology in faces and has the encoding G-FA-IT (3.1.5.5 Inconsistent face on surface: G-FA-IT). The
following subsections also correspond to the matrix columns.
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3.1.1 Curve

Points, curves and lines are regarded as part of the wire geometry. They serve, for example, as a
geometry aid for the generation of faces and solids, as contours for NC programming, as well as in
drawings.

Curve 1, composed of n segments Curve 2, composed of m segments

Segment \

Line

Example: Curve

3111 Large segment gap (G, discontinuity): G-CU-LG

Problem description: Large distance between or overlapping of adjacent curve segments - a G
discontinuity.

Measurement: Distance between segment endpoints at common bound.

Supporting information: The first and most important continuity issue is “position continuity,” i.e.,
the transition of curves and curve segments without gaps and/or overlapping end points. A position
discontinuity endangers follow-up operations that build upon the unity of curve paths, especially after
scaling, offsetting, or transfer.

Recommendation: Position discontinuities are to be rectified by limiting the affected curves to one
another within the tolerances. A possible, necessary extension or trim of one or both elements is
preferred.

Example: Large segment gap
(G, discontinuity)
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3.1.1.2 Non-tangent segments (G, discontinuity): G-CU-NT
Problem description: Non-tangent angle between adjacent curve segments—a G; discontinuity.
Measurement: Angle between segment tangent vectors at common bound.

Supporting information: Tangential continuity (with specified position continuity) means the kink-
free transition of two curves without a change in the tangential angle. A tangential discontinuity is
generally visible and can be felt. In a fully rounded curve, this generally occurs unintentionally. There
can also be intentional design necessitated tangential discontinuities (e.g., chamfers/bevels, character
lines).

Recommendation: Interactively correct the curves by recreating them with identical tangential
conditions, or round off with an additional curve with suitable tangential specifications (i.e., round off
two straight with a radius).

G-CU-NT

A

Example: Non-tangent segments (G, discontinuity)

3.11.3 Non-smooth segments (G, discontinuity): G-CU-NS
Problem description: Large curvature change between adjacent curve segments, a G, discontinuity.

Measurement: Curvature continuity at the contact point of two segments (by a given
position/tangential continuity) means:

a) Central points of curvature radii lie on same side of planar segments (not relevant for 3D
segments)

b) Difference of absolute values of radii, divided by mean value of radii, is below the given
accuracy, that is:

2|I’1—I’2
G-CU-NS=———

|r1| i |r2| (Note: G-CU-NS is always positive)

Supporting information: Curvature continuity of curves is normally only required by the contour
description of component parts with special functions (cams, worms, etc.), or by stylistic elements.

Recommendation: Replace the affected elements by elements with suitable curvature conditions at the
ends; e.g., neighbouring elements, which in each case have constant curvatures (straight lines, circles,
etc.), shall be replaced through free-form curves.

G-CU-NS f2

\

Example: Non-smooth segments (G, discontinuity)

Documents
Document Shari%—lub

MA 1N 2NNe Al wi
Copyright International Organization for Standardization ghtS reserved

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO PAS 26183-2006


http://www.avadocuments.com/doc/iso-pas-26183-2006
http://www.avadocuments.com/doc/iso-pas-26183-2006

ISO/PAS 26183:2006(E)

3114 High-degree curve: G-CU-HD
Problem description: Degree of polynomial curve is too high.

Measurement: Degree of polynomial curve.

Supporting information: The degree of the polynomial depiction for a curve segment determines the
number of degrees of freedom (variance) of a curve. The higher the degree, the greater the complexity of
the curve. Curves with high polynomial degrees are susceptible for unintentional or unwanted definition
and curvature and therefore, where appropriate, must be approximated when translated to another CAD,
CAM, or CAE system, i.e., approximated within the bounds of the given accuracy. In both cases, this
generally means a worsening of data quality.

Recommendation: High-degree polynomial curves should be avoided. High-degree polynomial curves
may be subdivided into curves of smaller degree with respect to the given accuracy.

G-CU-HD=3

G-CU-HD=15

Example: High-degree curve
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3.1.1.5 Indistinct curve knots: G-CU-IK

Problem description: Curve has consecutive, non-multiple knot values with real values that are too
close to each other.

M easurement: Minimum, non-zero difference between consecutive knot values.

Supporting information: A knot vector is required for the definition of NURBS and B-Spline curves.
This defines, among other things, the number of the curve segments and the continuity of the transitions
between the individual curve segments. The knot vectors are defined through a series of real numbers.
Individual knots can be positioned on top of one another. This is called “Multiple-weighting of knots”
or, in short, “Multiple knots.” Curves with close neighbouring knots can be changed in their internal
continuity characteristics. This can happen through knots coinciding with one another during the transfer
into another system environment set with coarser tolerances.

Example of a knot vector of a NURBS-curve of three degrees: ( 0.0, 0.0, 0.0, 0.0, 0.3333, 0.3334, 1.0, 1.0,
1.0, 1.0)

Knot accuracy < 0.0001: - Curve consists of three curve segments,

- Internal segment transitions are C2 continuous.
Knot accuracy > 0.0001: - Curve consists of two curve segments,

- Internal segment transition is C1 continuous.

Recommendation: Regenerate curves with sufficiently large knot clearances.

>n<<
G-CU-IK
=>n0<
G-CU-IK
t1 t2 t3 t4 t5 t6 t7 t8

—_—
t

Example: Indistinct curve knots
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3.1.1.6 Self-intersecting curve : G-CU-IS
Problem description: Curve intersects itself at one or more locations that are not both endpoints.
Measurement: Whether a curve intersects itself within the designated (system or otherwise) accuracy.

Supporting information: A self-penetration/intersection is the existence of an intersecting point of a
curve with itself. It is always unintentional, having no design purpose. This error causes problems with
other geometrical operations, such as the generation of offsets or faces, as well as with NC
programming.

Recommendation: Self-penetration often results from faulty development of offsets (offset distance is
larger than the inside radius) or projections (three-dimensional curves in one plane) and are to be
avoided wherever possible. Retroactively regenerate the curves correctly.

/ Self-intersecting offset curve
>

Original curve

G-CU-IS

Example: Self-intersecting curve

3.1.1.7 Fragmented curve: G-CU-FG
Problem description: Curve is defined by too many segments.
Measurement: Count of segments in curve.

Supporting information: An unreasonably high number of segments within a curve is generally a sign
of unfavourable complexity of a curve. This occurs, for example, through merging of different curves or
a poor approximation of a curve of higher degree to that of lower degree.

Recommendation: Replace the curve with another curve with as few segments as possible. A curve
with harmonic curvature distribution and a large number of (smaller) segments can be replaced where
necessary through curves with meaningful, higher degrees. (Re-computation may be necessary under
observation of the given accuracy.)

G-CU-FG

Example: Fragmented curve
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3.1.1.8 Embedded curves: G-CU-EM

Problem description: Set of curves with one that completely overlaps the other(s). Set can include
curves of any type.

Measurement: Whether there is a curve completely embedded within another curve within the
designated accuracy.

Supporting information: By miscellaneous geometrical operations, or through copying external
geometry into the model, (approximately) identical elements can occur that unnecessarily enlarge the
space requirements of the model and cancel out the validity of the original element. For example,
identical elements, also known as double elements, often impede the automatic recognition of
continuous curved lines or impede NC and FEA operations. Also, elements that lay completely in a
larger element are considered to be identical.

Recommendation: Delete one of the double elements. It is important to take care as to which of the
double elements shall be deleted; consider usage and parent/child relationships.

Example: Embedded curves

3.1.1.9 Curve with a small radius of curvature: G-CU-CR
Problem description: Curve has a small radius of curvature value.
Measurement: Minimum radius of curvature along curve.

Supporting information: Such curves may cause problems in offset curve creation or may create
degenerate surfaces and cause problems in downstream use such as finite element mesh generation and
machining. For example, to guarantee the ability to machine along a curve, the radius of curvature must
not fall short of the given minimum at any position; otherwise, lesions can occur on that curve during
the work process.

Recommendation: Curves with curvature less than the given minimum must be recreated, e.g., through
approximation or smoothing.

Example: Curve with a small radius of curvature
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3.1.1.10 Tiny curve or segment: G-CU-TI
Problem description: Overall extent of curve or segment is too small.
Measurement: Length of curve or segment.

Supporting information: Elements that fall short of a particular size by particular geometrical
operations (i.e., scaling, generation of offsets), by the exchange of data (in a system of lesser accuracy),
or through further processing (NC) can lead to invalid elements and thereby to gaps. Reworking these
elements means a considerable increase in effort. These elements often occur involuntarily, not only
through filleting but also through "closing mechanisms" during bridging of small gaps or by overlapping
features or entities.

Recommendation: Eliminate tiny elements through an appropriate extension (extrapolation) of the
elements to be joined and delete the corresponding small elements or segments. Alternatively, enlarge
the tiny elements and join the corresponding element.

Example: Tiny curve or segment

3.1.1.11  Wavy planar curve: G-CU-WV
Problem description: Curve has too many curvature sign changes.
Measurement: Count of curvature sign changes.

Supporting information: A waviness, i.e., a number of algebraic sign changes on the curvature of a
free form planar curve, is often unintentional and perhaps critical for following operations, e.g., by the
generation of an offset. This problem occurs in three-dimensional curves as well.

Recommendation: Analyse the tangential and restart point conditions of the curve and clean up or,
where necessary, recreate. Also, analyse the created faces of intersecting curves and correct or
reconstruct where necessary.

curvature sign changes
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