INTERNATIONAL 1SO
STANDARD 10303-207

First edition
1999-10-01

Corrected
2001-03-01

Industrial automation systems and
integration — Product data’representation
and exchange —

Part 207:
Application protocol;"Sheet metal die planning
and design

Systémes d’automatisation industrielle et intégration — Représentation et
échange de données de produits —

Partie 207: Protocole d’application: Prévision et conception des tbles d'acier
coulé

— AR —

IS0

7\@/7 Reference number

ISO 10303-207:1999(E)


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E)

Contents Page
L SCOPE .o e e 1
2 NOIMAtiVe TEIIENCES . . o i o o it ittt e e et ettt e e e e e e e e e e e e e e e e e e e e e e e e 5
3 DEfiNItIONS . . ottt N 7
3.1 Terms defined in ISO 8601, . . . ... ottt e W R
3.2 Terms defined iN ISO 103031, . ..ot i it e e NS R 4
3.3 Terms defined in ISO 10303-31. . .. ...ttt e e e e ... 9
3.4 Terms defined in ISO 10303-42. . .. ... .ot N ... 9
3.5 Terms defined in ISO 10303-43. . . . . ... it N ... 10
3.6 Terms defined in ISO 10303-44. . . . . ...t e e e e ... 10
3.7 Terms defined in ISO 10303-202. . .. . ..ottt G e oo 11
3.8 Other definitions . ... ... e N e 11
3.8 1 Cam ..o A N e 11
3.8.2 contractor . ........ . N e 11
3.8 3 die .. N R I |
3.8.4 dieface .. ... N e 11
3.8.5 dieSEt ..ot P e 11
3.8.6 diestructure .. .........c.c. . XN e 12
3.8 7 feature ... e 12
3.8.8 feature property . . . ... N e 12
3.89 hardaid . ... O e 12
3.8.10 IN-ProCESS . ..o v v N 12
3.8. 11 mating die . .. ... 0 e 12
3.8.12 part process plan . 7. ... e e 12
3.8.13 sheetmetal . . a . o oo e 12
3.8.14 sheet metalpart .. ....... ... e e 12
3.8.15 sheet metal'part processplan ........... ... . . i 12
3.8.16 StAMPINGPreSS . . o o oot et e 13
3.8.07 SUPPIEr . . e e 13
3.9 ADDreViatioNS .. ... e 13
4 Information)requirements . ... e 14
4.1 Units of functionality . . . ......... . . . . . S
411 feature . ..o e e 15
©ISO 1999

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any forny ardansnelectronic or

mechanical,

including photocopying and microfilm, without permission itingfrom the publisher.

International Organization for Standardization
Case postale 56CH-1211 Genéve 20 Switzerland
Internet iso@iso.ch

Printed in Switzerland


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©ISO ISO 10303-207:1999(E)
I 1= o P 15
4.1.3 item_definition . . . ... . 16
4.1.4 item_definition_relationship . . . ... . 16
4.1.5 EM_VEISION . .ottt e 17
4.1.6 part_proCess_Plan . ... ... 17
A.0.7 ProdUCT . .ot e b 17
4.1.8 representation_element . . ... .. e 18
4.1.9 shape_definition . . ...... ... T 19
4.1.10 shape_definition_relationship .. ........... .. . e 19
4.1.11 toleranCe .. ... b e 19
4.1.12 work_order . ... N b 20
4.1.13 WOork_request . . ... e e 20
4.2 Applicationobjects . ..... ... . .. S e 20
4.3 Application assertions . .. ......... . e e 59
5 Application interpreted model . . ........... . . . e 67
5.1 Mappingtable . . ... ... R e 67
5.2 AIMEXPRESS shortlisting ............. ... &Y 158
6 Qonformance requIremMents . . . ... ..ottt el 235
6.1 Conformance class membership .. ... 00 237
Annexes
A AIM EXPRESS expanded liSting . . ol oot e 258
B AIMshortnames . . ... 5 352
C Implementation method-SPECific requIremMents. . . . ... .t 368
D PProtocol Implementation Conformance Statement (PICS) proforma . .................|..... 369
E Ipformation objectregistration . . ... .. e 371
E.1 Document identification . ... ...... ... e 371
E.2 Schema identification . . ... ... e 371
F Appflication interpreted CONSITUCES . . . .. ..ot 372
G Application activity Model . . . ... ... 443
G.1 Application activity model definitions and abbreviations ................. ... ... . ... 443
G.2 Application activity model diagrams . . ... ... 454
H Application reference model . . ... ... 460


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©ISO

J AIM EXPRESS-G . .. e 469
K Computer interpretable listing . . . ... e 512
L Technical diSCUSSIONS . .. ... i e e e e e e e e e 513
L.1 Technical discussion on dies . . ... i e e 513
L.2 Technical dISCUSSION ON PreSSesS . . . .. ..ottt et agie|e e e 515
M Cross reference for AIM diagrams .. .......... i .... 517
N Bibliography . . ... ... 526
IO X . . D ... 527
Figlres
Figlire 1 - Typical sheet metaldieset .......... ... . ... % o Xiv
Figlire 2 - Data planningmodel . ............ .. .. . . . QY XV
Figlire G.1 - AAM IDEFO diagram 1 of 5: A-O Prepare for:sheet metal production ..........|..... 455
Figlire G.2 - AAM IDEFO diagram 2 of 5: AO Prepare for sheet metal production .. ........|..... 456
Figlire G.3 - AAM IDEFO diagram 3 of 5: A2 Engineerdie ............ .. ... .. oo, ... 457
Figlire G.4 - AAM IDEFO diagram 4 of 5: A22 Conceptualize part manufacture and die functiop . ... 458
Figlire G.5 - AAM IDEFO diagram 5 of 5: A23:Designdie . ..., .... 459
Figlre H.1 - ARM IDEF1X diagram 1 of 8 . .. .. oo ... 461
Figlre H.2 - ARM IDEF1X diagram 2 of 8 . . . . ... e ... 462
Figire H.3 - ARM IDEF1X diagram 3:0P8 . ... ... ... e ... 463
Figlre H.4 - ARM IDEF1X diagram4/of 8 ... ... e ... 464
Figlre H.5 - ARM IDEF1X diagram 50f 8 .. ... ... . . . . e ... 465
Figlre H.6 - ARM IDEF1X diagram 6 of 8 . ... ... .. . e ... 466
Figlre H.7 - ARM IDEF1X'diagram 7 of 8 ... ... ... e ... 467
Figlre H.8 - ARM IDEF1X diagram 8 0f 8 .. ... ... .. . . . e ... 468
Figlire J.1 - Application-context - AIM EXPRESS-G diagram1of42 ................... .... 470
Figlire J.2 - Product definition (1 of 2) - AIM EXPRESS-G diagram2of42 .............. .o 471
Figlire J.3 - Product definition (2 of 2) - AIM EXPRESS-G diagram3of42 .............. oL 472
Figlire J.4 -fProduct property definition - AIM EXPRESS-G diagram4 of42 . .............[.... 473
Figlire J.5="Product property representation - AIM EXPRESS-G diagram5o0f42 .........|..... 474
Figlred.6 - Document management - AIM EXPRESS-G diagram6of42 ...............[..... 475
Figlred.7 - Action management - AIM EXPRESS-G diagram70f42 ..................|..... 476
Figure J.8 - Action and method definition - AIM EXPRESS-G diagram 8 of42. . ............ 477
Figure J.9 - Approval - AIM EXPRESS-G diagram9of 42....... ... ... ... ... ... . ... ..., 478
Figure J.10 - Contract management - EXPRESS-G diagram100f42 ......................... 479
Figure J.11 - Security classification management - AIM EXPRESS-G diagram 11 of42........... 480
Figure J.12 - Person organization management (1 of 2) - AIM EXPRESS-G diagram 12 of 42 ... ... 481
Figure J.13 - Person organization management (2 of 2) - AIM EXPRESS-G diagram 13 of 42 ... ... 482

iv


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

Figure J.14 - Date time management - AIM EXPRESS-G diagram 14 of 42
Figure J.15 - Measure - AIM EXPRESS-G diagram 15 of 42
Figure J.16 - Representation - AIM EXPRESS-G diagram 16 of 42
Figure J.17 -Product structure - AIM EXPRESS-G diagram 17 of 24
Figure J.18 - Product concept - AIM EXPRESS-G diagram 18 of 42

Figure J.19 - Configuration management and effectivity - AIM EXPRESS-G diagram 19 of 42

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Tal
Tak

Tak
Tak

ISO 10303-207:1999(E)

488

ire J.20 - Qualified measure and material property definition - AIM EXPRESS-G diagram 2
Ire J.21 - Shape dimension - AIM EXPRESS-G diagram 21 of42 ............... 0.
Ire J.22 - Shape tolerance and shape aspect definition - AIM EXPRESS-G diagram 22 of
ire J.23 - Process property representation - AIM EXPRESS-G diagram 23 of 42
ire J.24 - Process property - AIM EXPRESS-G diagram 24 of42......... .0~ ......
Ire J.25 - Geometry representation - AIM EXPRESS-G diagram 25 of 42
ire J.26 - Geometry placement and transformation - AIM EXPRESS-G diagram 26 of 42 .
Ire J.27 - Geometry points - AIM EXPRESS-G diagram 27 of 42
ire J.28 - Geometry curves - AIM EXPRESS-G diagram 28 of 42,8 .. ..............
Ire J.29 - Geometry surfaces - AIM EXPRESS-G diagram 29 of 42
ire J.30 - Geometry conics - AIM EXPRESS-G diagram 30 of @2
ire J.31 - Geometry surface curves - AIM EXPRESS-G diagram 31 of 42

Ire J.32 - Geometry bounded curves - AIM EXPRESS-&diagram 32 of 42
Ire J.33 - Geometry b-spline curves - AIM EXPRESS:G diagram 33 o0of42 ............
ire J.34 - Geometry elementary surfaces - AIM EXPRESS-G diagram 34 of 42
Ire J.35 - Geometry bounded surfaces - AIM EXPRESS-G diagram 35 of 42
Ire J.36 - Geometry b-spline surfaces - AIM EXPRESS-G diagram 36 of 42

Ire J.37 - Topology representation - AIM EXPRESS-G diagram 37 of 42
Ire J.38 - Topology (1 of 2) - AIM EXPRESS-G diagram 38 of 42
Ire J.39 - Topology (2 of 2) - AIM EXPRESS-G diagram 39 of 42
Ire J.40 - Geometric solid models:-'AIM EXPRESS-G diagram 40 of 42
Ire J.41 - Geometric CSG solids.AIM EXPRESS-G diagram41of42 ..............,
Ire J.42 - Geometric externakshapes - AIM EXPRESS-G diagram 42 of 42
Ire L.1 - Cross-section ofthree-partdieset . ....... ... ... ... . . . i,
Ire L.2 - lllustration of how a cam may convert downward force into lateral force

les

le 1 - Mapping table for feature UoF
le 2 - Mapping table foritem UoF . ......... ... .. . . . . . .
le 3.-‘Mapping table for item_definiton UoF . .......... ... ... . ... ... . ... ... . ...

Tak

leZ4 - Mapping table for item definition relationship UoF

Table 5 - Mapping table for item_version UoF
Table 6 - Mapping Table for part_process_plan UoF
Table 7 - Mapping table for product UoF
Table 8 - Mapping table for representation_element UoF
Table 9 - Mapping table for shape_definition UoF
Table 10 - Mapping table for shape_definition_relationship UoF


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©ISO

Table 11 - Mapping table for tolerance UOF . . . ... ... . . e 128
Table 12 - Mapping table for work_order UoF . . ... ... ... .. . . . . . 132
Table 13 - Mapping table for work_order_request UOF .. ....... ... .. . . .. 155
Table 14 - Conformance OPLIONS . . . . .. ottt e e e e e 236
Table 15 - Conformance class membership . .. ... . 237
Table B.1 - AIM short names of entities .. .......... .. e 352

vi


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

Foreword

ISO 10303-207:1999(E)

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 1ISO
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, go
nor-governmental, in liaison with 1SO, also take part in the work. 1SO collaborates-¢los
Intgrnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardizat

Dr
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aut

I1ISC
inte

International Standards adopted by technical committees are circulated to the member bog
lication as an International Standard requires approval by at least 75% of themember bodies

rnational Standard 1ISO 10303-207 was prepared by Technical Committee ISO/TdLB
pmation systems and integrati@@ubcommittee SC4ndustrial data.

10303 consists of the following parts under the generalltitlastrial automation systen
gration - Product data representation and exchange

— Part 1, Overview and fundamental principles;

— Part 11, Description methods: The EXPRESS language reference manual,

— Part 12, Description method: The EXPRESS-I language reference manual;

— Part 21, Implementation methodsi{-Clear text encoding of the exchange structure;

— Part 22, Implementation method: Standard data access interface specification;

— Part 24, Implementation method: C language binding to the standard data access interf
— Part 26, Implementation method: Interface definition language binding to the standard d
— Part.31),'Conformance testing methodology and framework: General concepts;

—Part 32, Conformance testing methodology and framework: Requirements on testing lal

ernmental and
ely with the
ion.

lies for voting.
casting a vote.

drial

s and

— Part 23, Implementation’method: C++ language binding to the standard data access inferface;

ace;

ata access;

oratories and

Iinnfc;

— Part 33, Conformance testing methodology and framework: Structure and use of abstract test suites;

— Part 34, Conformance testing methodology and framework: Abstract test methods;

Vii
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— Part 35, Conformance testing methodology and framework: Abstract test methods for SDAI
implementations;

— Part 41, Integrated generic resources: Fundamentals of product description and support;

— Part 42, Integrated generic resources: Geometric and topological representation;

— Part 43, Integrated generic resources: Representation structures;

— Part 44, Integrated generic resources: Product structure configuration;

— Part 45, Integrated generic resource: Materials;

— Part 46, Integrated generic resources: Visual presentation;

— Part 47, Integrated generic resource: Shape variation tolerances;

— Part 49, Integrated generic resource: Process structure-and properties;

— Part 101, Integrated application resource: Draughting;

— Part 104, Integrated application resource: Finite element analysis;

— Part 105, Integrated application resourcge? Kinematics;

— Part 106, Integrated application resource: Building construction core model;

— Part 201, Application protocel’Explicit draughting;

— Part 202, Application protocol: Associative draughting;

— Part 203, Application protocol: Configuration controlled design;

— Part 204, Application protocol: Mechanical design using boundary representation;
— Part 205, Application protocol: Mechanical design using surface representation;

—Rart 207, Application protocol: Sheet metal die planning and design;

— Part 208, Application protocol: Life cycle management - Change process;
— Part 209, Application protocol: Composite and tfietatructural analysis and related design;

— Part 210, Application protocol: Electronic assembly, imenet, and packaging design;

viii
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— Part 212, Application protocol: Electrotechnical design and installation;
— Part 213, Application protocol: Numerical control process plans for machined parts;

— Part 214, Application protocol: Core data for automotive mechanical design;

— Part 215, Application protocol: Ship arrangement;
— Part 216, Application protocol: Ship moulded forms;
— Part 217, Application protocol: Ship piping;

— Part 218, Application protocol: Ship structures;

— Part 220, Application protocol: Process planning, manufacture).and assembly of layefed electronic
products;

— Part 221, Application protocol: Functional data and their,schematic representation for process plant;
— Part 222, Application protocol: Exchange of product.data for composite structures;

— Part 223, Application protocol: Exchange of design and manufacturing product information for casting
parts;

— Part 224, Application protocol: Meghanical product definition for process plans using machining
features;

— Part 225, Application protocel)Building elements using explicit shape representation;
— Part 226, Application protocol: Ship mechanical systems;
— Part 227, Application protocol: Plant spatial configuration;
— Part 228, Application protocol: Building services: Heating, ventilation, andadfitooning;

— Part 229, Application protocol: Exchange of design and manufacturing product informatign for forged
parts;

—_Part 230, Application protocol: Building structural frame: Steelwork;

— Part 231, Application protocol: Process engineering data: Process design and process specification of
major equipment;

— Part 232, Application protocol: Technical data packaging core information and exchange;
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— Part 301, Abstract test suite:
— Part 302, Abstract test suite:

— Part 303, Abstract test suite:

©
Explicit draughting;
Associative draughting;

Configuration controlled design;

ISO

— Part 304, Abstract test suite:
— Part 305, Abstract test suite:
— Part 307, Abstract test suite:
— Part 308, Abstract test suite:
— Part 309, Abstract test suite:
— Part 310, Abstract test suite:
— Part 312, Abstract test suite:
— Part 313, Abstract test suite:
— Part 314, Abstract test suite:
— Part 315, Abstract test suite:
— Part 316, Abstract test suite:
— Part 317, Abstract test suite:

— Part 318, Abstract test suite:

products;
— Part 321, Abstract test suite:

—Rart 322, Abstract test suite:

Mechanical design using boundary representation;
Mechanical design using surface representation;
Sheet metal die planning and design;

Life cycle management - Change process;
Composite and liieeséructural analysis and related design;
Electronic assembly, imeect, @nd packaging design;
Electrotechnical designiand installation;

Numerical control process plans for machined parts;
Core data for\automotive mechanical design;

Ship arrangement;

Ship moulded forms;

Ship piping;

Ship structures;

— Part 320, Abstract test suite: Process planning, manufacture, and assembly of laye

Functional data and their schematic representation for pr

Exchange of product data for composite structures;

red electronic

bcess plant;

— Part 323, Abstract test suite: Exchange of design and manufacturing product information for casting

parts;

— Part 324, Abstract test suite: Mechanical product definition for process plans using machining features;

— Part 325, Abstract test suite:

Building elements using explicit shape representation;
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— Part 326, Abstract test suite: Ship mechanical systems;

— Part 327, Abstract test suite: Plant spatial configuration;

— Part 328, Abstract test suite: Building services: Heating, ventilation, anohditioning;

parts;

major equipment;

— Part 501, Application interpreted construct:
— Part 502, Application interpreted construct:
— Part 503, Application interpreted construct:
— Part 504, Application interpreted construct:
— Part 505, Application interpreted construct:
— Part 506, Application interpreted-construct:
— Part 507, Application interpreted construct:
— Part 508, Application_interpreted construct:
— Part 509, Application interpreted construct:
— Part 510, Application interpreted construct:

— Part:511, Application interpreted construct:

—Part 512, Application interpreted construct:

— Part 329, Abstract test suite: Exchange of design and manufacturing product informati

— Part 330, Abstract test suite: Building structural frame: Steelwork;

— Part 331, Abstract test suite: Process engineering data: Process design-and process

— Part 332, Abstract test suite: Technical data packaging core information and exchange

Edge-based wireframe;
Shell-based'wireframe;

Geometrically bounded 2D wireframe;
Draughtimgpgation;

Drawing structure and administration;
Draughting elements;

Geometrically bounded surface;
Non-manifold surface;

Manifold surface;

Geometrically bounded wireframe;
Topologically bounded surface;

Faceted boundary representation;

bn for forged

specification of

— Part 513, Application interpreted construct:
— Part 514, Application interpreted construct:

— Part 515, Application interpreted construct:

Elementary boundary representation;
Advanced boundary representation;

Constructive solid geometry;

Xi
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— Part 517, Application interpreted construct: Mechanical design geometric presentation;

— Part 518, Application interpreted construct: Mechanical design shaded representation.

SO

The structure of this International Standard is described in ISO 10303-1. The numbering of the parts of this
International Standard reflects its structure:

Shquld further parts be published, they shall fellow the same numbering pattern.

Anrlexes A, B, C, D, E, and F form an integral part of this part of ISO 10303. Annexes G, H, J,
N of this part of ISO 10303 are for infarmation only.

Thi
10303 fall into one of the follawing series: description methods, integrated resources, applicati
conptructs, application protocols, abstract test suites, implementation methods, and conformang

series are described in.ISO 10303-1. A complete list of parts of ISO 10303 is available from the Internet:

Xii

— Parts 11 to 13 specify the description methods,

— Parts 21 to 26 specify the implementation methods,

— Parts 31 to 35 specify the conformance testing methodology and framework,
— Parts 41 to 49 specify the integrated generic resources,

— Parts 101 to 106 specify the integrated application resources,

— Parts 201 to 232 specify the application protocols,

— Parts 301 to 332 specify the abstract test suites, and

— Parts 501 to 518 specify the application interpreted constructs.

5 International Standard is_organized as a series of parts, each published separately. T}

<http://mwww.nist.gov/sc4/editing/step/titles/>

K, L, M, and

e parts of ISO
bn interpreted
te testing. The
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange of product
daty. The objective is to provide a neutral mechanism capable of describing product data thropghout the life
cycle of a product, independent from any particular system. The nature of this description:makes it suitable
not|only for neutral file exchange, but also as a basis for implementing and sharing product databases and
archiving.

Thig International Standard is organized as a series of parts, each published separately. The parts of ISO
10303 fall into one of the following series: description methods, integrated respurces, applicatipn interpreted

conptructs, application protocols, abstract test suites, implementation methods, and conformange testing. The
series are described in ISO 10303-1. This part of ISO 10303 is a member of the application pfrotocol series.

Thig part of ISO 10303 specifies an application protocol (AP) for the‘exchange of sheet metal paft design, part
manufacture, and tool design information between contractorsand suppliers. This exchange[may be within
enterprises, as when one department of an enterprise acts as a contractor, exchanging dgta with another
department that acts as a supplier. This exchange may also be between enterprises, as wheh one enterprise,
the [contractor, exchanges information with another enterprise, the supplier. This AP satisfies an [ndustrial need
to gxchange information to enable a contractor to:manufacture a die tool used in the production of a sheet
metal part. The information includes any combination of the following:

— Exchange of necessary information; such as sheet metal part geometry and configuration data, part
tolerances, and part materials, from a contractor to a supplier to enable the supplier to groduce a plan
for manufacturing that sheet-metal part;

— Exchange of necessary.information, such as sheet metal part geometry and configuration data, part
tolerances, and part materials, from a contractor to a supplier to enable the supplier tp produce the
design of a sheet-metal die set (see figure 1);

— Exchange frama supplier to a contractor of a plan for the manufacture of a sheet metal part, possibly
including-press and process data, and plant constraint information;

— Exchange from a supplier to a contractor of the design of a sheet metal die, including [die geometry
and.presentation data, die material data, die component configuration, and inter-relatiopships among
the die component representations.

More information on the sheet metal forming process is included in annex L.

This application protocol defines the context, scope, and information requirements for sheet metal die planning
and design, and specifies the integrated resources necessary to satisfy these requirements.

Xiii
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Figure 2 contains the data planning model that provides a high level description of the requirements for this
application protocol, as well as the relationships between the basic data components.

The planning model contains items, which are the representation of actual physical objects and their
classification. Items are defined by item definitions. The item definitions describe whether they are standard
or designed, and whether they are a part, die, or material. Item definitions may include features that are areas
of interest on an item. A feature on a die may be a depression into which a boss on a press_nmay be inserted;
the|purpose of describing the depression as a feature would be for the purpose of associating the use of the
depression, which is fixturing, with the geometry of the depression.

Xiv
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Shape Definition Representation describes the shape of the item or the shape of a feature of the item. This
representation is either a wireframe, surface, or solid. Shape Definition Representation also includes the
physical model identification, tolerances, and the part shape relationship to the die shape.

Figure 1- Typical sheet metal die set

Part Process Plans define the manufacture of the part using dies as tools. The designs of both parts and dies
are item definitions. Constraints, versions and component operations are included in the part process plans.

XV
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Work leads to the creation or modification of an item definition. A work request results in the development

of part process plans.

Application protocols provide the basis for developing implementations of ISO 10303 and abstract test suites
for the conformance testing of AP implementations.

Clapise 1 defines the scope of the application protocol and summarizes the functionality and,data covered by
the|AP. Clause 3 lists the words defined in this part of ISO 10303 and gives pointers.to words defined
elsgwhere. An application activity model that is the basis for the definition of the scope is provided in annex
G. |The information requirements of the application are specified in clause 4 using terminology appropriate
to the application. A graphical representation of the information requirements, reférred to as the application
refdrence model, is given in annex H.

Regource constructs are interpreted to meet the information requirements:. This interpretation produces the
application interpreted model (AIM). This interpretation, given in 5.1, shows the correspondencé between the
infofmation requirements and the AIM. The short listing of the AIM, specifies the interface to the integrated
resgurces and is given in 5.2. Note that the definitions and EXPRESS provided in the integrated resources for

conptructs used in the AIM may include select list items and subtypes that are not imported into
expanded listing given in Annex A contains the complete EXPRESS for the AIM without an
graphical representation of the AIM is given in annex J. Additional requirements for specific im

methods are given in annex D.

otation. A

he AIM. The
lementation

XVi

Figure 2 - Data planning model

ltem
Feature Definitions ltems
Shape Definition Part Process
. Work
Representation Plans
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Industrial automation systems and integration —

Pr
P&
Al
Sh

Thig
req
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)

The

)

1rt 207

)plication protocol:

)eet metal die planning and design

Scope

b part of ISO 10303 specifies the use of the integrated resotirces necessary for the scope
Liirements for the exchange of information between contractors and suppliers to enablg

pufacture of sheet metal dies used in the production precess of sheet metal parts.

IOTE 1 - The application activity model, in annex Gs'provides a graphical representation of the |
hformation flows that are the basis for the definition“ef the scope of this part of ISO 10303.

following are within the scope of this partof ISO 10303:
— Types of products supported:

IOTE 2 - This list describes the types of products for which data are in scope. The list following this
ypes of product data which arein scope.

a) Sheet metal part.design data;

EXAMPLE 1 - Sheétmal part designs may be for sheet metal parts intended for the exterior of a p
ntended for thé.interior of a product, those intended to be in view or not in view on the final prog
htended to support loads wraintain structure of a product. Sheet metal part designs may also be fo
arts thatd@are products in themselves.

b) Sheet metal die design data, including die face design and die structure design, for

hnd information
b the eventual

brocesses and

one describes

roduct, those
uct, or those
sheet metal

an individual

die against which sheet metal is formed by processes that do not involve a mating die;

¢) Sheet metal die set design data, including die face design and die structure design, for die sets used

in a stamping press machine to manufacture sheet metal parts;

d) Sheet metal part manufacture description data.
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— Types of product data supported:

a) Design data for materials, sheet metal in-process parts, sheet metal parts, die components, individual
dies, and die sets;

b) Process data for sheet metal part manufacture;
¢) Change and schedule data for design of product definition data and manufacture desgcription data;

d) Data ownership, generating system information, and exchange history surroungling product
definition data and manufacture description data;

e) The identification of externally designed parts and purchased items;
f) Design constraints on dies;
g) Wireframe, surface, and solid geometry;

h) Data describing the relative position of materialssand in-process sheet metal parts to the die or dies
that will further form them;

i) Composition of materials, sheet metal parts, and die components;

j) Properties associated with materials or with collections of geometric representatipns, such as
hardness, porosity, method of manufacture, and function.

— Stages in the product life cycle-supported are data at any stage of completion that desciibe:
a) Materials;
b) Sheet metal.in-process parts and sheet metal parts;
c) Die components, individual dies, and die sets;
d) Sheet metal part manufacture description data;

€) Change and schedule data for design of product definition data and manufacture degcription data.

— The supported exchange scenarios from contractor to supplier are as follows:

a) requirements to enable the supplier to create a sheet metal part processing plan for the contractor,
such as the sheet metal part design, available presses and plants, and plant and press constraints;
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b) requirements to enable the supplier to create a die design for the contractor, such as the sheet metal
part design and the sheet metal part processing plan. This design may be for the die face, or for the
die structure, or for both;

NOTE 3 - Requests for changes by contractors are considered to be the exchange of additional requirements.

C) exchanges wherein the contractor and supplier are divisions of the same company;

d) exchanges wherein the contractor and supplier are different companies.

— The supported exchange scenarios from supplier to contractor are as follows:

a) a part process plan or any portion thereof;

b) a complete die design or any portion thereof;

c) a die face design or any portion thereof;

d) a die structure design or any portion thereof;

€) a change request;

f) exchanges wherein the contractor and_supplier are divisions of the same company;
g) exchanges wherein the contractor,and supplier are different companies.

Thg following are outside the scope of.this part of ISO 10303:

— Parts that are not made ofisheet metal or are not manufactured by a process involving the use of a die
qr dies;

— Sheet metal parts-that are manufactured by explosive forming, forging, or powdered metal processing;

— The design af devices used to stretch sheet metal over single convex diesylobéhdladder of sheet
ysed in hydroforming or traubber forming to force sheet metal into a single concave die;

— Parametric or variational geometry models of sheet metal parts, dies, or die components;

—Engineering analysis data of any kind;

— Financial data of any kind;

— Manufacturing process data for sheet metal dies;
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— Any exchange uses of data in order to:
a) enable the initial design of sheet metal parts;

b) enable the design of checking fixtures;

©I1SO

¢) enable the manufacture of the die.

— Data related to production runs of sheet metal parts.
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2 Normative references

ISO 10303-207:1999(E)

The following standards contain provisions which, through reference in this text, constitute provisions of this
part of ISO 10303. At the time piblication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this part of ISO 10303 are encouraged to investigate the possibility

of applying the most recent edition of the standards indicated below. Members of IEC and
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reg
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ISQ

I1SQ
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ISC
not

ISC
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ISC
exc

ISC
exc

ISC
exc

ISC
exc

ISC
exc

ISC
exc

sters of currently valid International Standards.
31:1992Quantities and units (all parts).
1000:1992SI units and recommendations for the use of their multiples and, ofl.certain oth

8601:1988Pata elements and interchange formats — Information interchange — Repre|
es and times.

8824-1:1999nformation Technology — Abstract Syntax Notation ©One (ASN.1)ifiSagcn of i
ation.

10303-1:1994Industrial automation systems and intégration — Product data represer]
hange — Part 1: Overview and fundamental principles.

10303-11:1994Industrial automation systems.and integration — Product data represer
hange — Part 11: Description methods: The:EXPRESS language reference manual.

10303-21:1994Industrial automation, systems and integration — Product data represer
hange — Part 21: Implementation methods: Clear text encoding of the exchange structur

10303-22:—Y) Industrial automation systems and integration — Product data represer
hange — Part 22: Implementation methods: Standard data access interface

10303-31:1994Industrial automation systems and integration — Product data represer
hange — Part 31: Conformance testing methodology and framework: General concepts.

10303-41:1994Industrial automation systems and integration — Product data represer
hange — Rart 41: Integrated generic resources: Fundamentals of product description and

10303-42:1994Industrial automation systems and integration — Product data represer
hange — Part 42: Integrated generic resources: Geometric and topological representatio

er units.
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tation and
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tation and
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| support.

tation and
.

ISO 10303-43:1994Industrial automation systems and integration — Product data representation and

exc

hange — Part 43: Integrated generic resources: Representation structures.

Y To be published.
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ISO 10303-44:1994industrial automation systems and integration — Product data representation and
exchange — Part 44: Integrated generic resources: Product structure configuration.

ISO 10303-45:—2 Industrial automation systems and integration — Product data representation and
exchange — Part 45: Integrated generic resources: Materials.

ISQ 10303-4/:— Industrial automation systems and integration — Product data representation and
exchange — Part 47: Integrated generic resources: Shape variation tolerances.

ISQ 10303-49:—) Industrial automation systems and integration — Product data’represerjtation and
exchange — Part 49: Integrated generic resources: Process structure and properties.

ISQ/TR 10303-307:— Industrial automation systems and integration —Product data represertation and
exchange — Part 307: Abstract test suite for Sheet metal die planning and design.

Yo be published.
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3 Definitions

3.1 Terms defined in ISO 8601

This part of ISO 10303 makes use of the following terms defined in ISO 8601.:

— calendar date;

— calendar week;

— day;

— Gregorian calendar;

-+ hour;

— leap year;

— minute;

— month;

— second;

—+ week;

+ year.

w
N

Terms defined in ISO 10303-1

Thig part of ISO 10303 makes use of the following terms defined in ISO 10303-1:

— abstract test-suite (ATS);

— application;

— application activity model (AAM);

— application context;
— application interpreted model (AIM);

— application protocol (AP);
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— application object;
— application reference model (ARM);

— assembly;

— conformance class;

— conformance requirement;

— context;

-~ data;

— data exchange;

— implementation method;

— information;

— integrated resource;

— interpretation;

— PICS proforma;

— protocol implementation conformance statement (PICS);

— product;

— product data;

— structure;

— unit of funetionality (UoF).
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3.3 Terms defined in ISO 10303-31
This part of ISO 10303 makes use of the following terms defined in ISO 10303-31:

— conformance testing;

— postprocessor;

— preprocessor.

3.4 Terms defined in ISO 10303-42

This part of ISO 10303 makes use of the following terms defined in ISO 10303-42:

— arcwise connected;

— bounds;

— boundary;

— closed surface;

— connected;

— connected component;

— curve,;

— cycle;

— dimensionality;

— domain;

— euler equations;

— extent;

—fmite:
— graph;

— handle;
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— inside;

— interior;

— list;

©I1SO

w
(N

Thi

3.6

Thi

— d-manitold with boundary;
— orientable;

— overlap;

— set;

— space dimensionality;

— surface.

Terms defined in ISO 10303-43
b part of 1ISO 10303 makes use of the following terms defined in ISO 10303-43:
— coordinate space;

— geometrically founded.

Terms defined in ISO 10303-44
b part of 1ISO 10303 makestuse of the following terms defined in ISO 10303-44:
— bill-of-material structure (BOM);
— component;
— constituént;

— effaetivity;

| - 1
—ImK;

— lot;

— node;

10
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— parts list structure;

— promissory use;

— root node;

ISO 10303-207:1999(E)

Thi

3.8

For

3.8
ford

3.8

— tree.

Terms defined in ISO 10303-202
b part of 1ISO 10303 makes use of the following terms defined in ISO 10303-202:
— application interpreted construct (AIC).

Other definitions
the purposes of this part of ISO 10303, the following definitions apply:

1 cam:a mechanical unit integral to a die set that is.used to apply supplementary formin
es to sheet metal in directions not parallel to the direction of closure of the die set.

2 contractor:a person or an organization that awards a contract for the production of either

something, a plan for the production of something, or a physical object.

3.8
die

3 die:a single piece of metal that is brought into contact with sheet metal to form, impress,
hat is used without a mating die (see-3:8.11) serves as a form against which sheet metal m

compressed, or hammered by tools ather than dies. A die may also have one or more mating di

3.8
pre

)

]

A
4

4 die facethose die surfaces that directly contact the sheet metal during the operation of

IOTES
- All die faces that are parts of dies belonging to die sets are enclosed within the die set when it

- Surfaces of the die face are commonly called active surfaces, addendum surfaces, and sculpte)

3.8

5Ss containing the die/plus the surfaces that provide contiguity to these contacting surfaces,

j or shearing

a design for

Dr shear it. A
hy be stretched,
bS (see 3.8.11).

the stamping

is shut.

d surfaces.

5 die set:a set of two or more mating dies (see 3.8.11) that act as a single tool to form, impi

ess, or shear

she

et metal when mounted in a stamping press (see 3.8.16).

NOTE - A die set may include zero or more cams.

11
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3.8.6 die structure: the portions of a die that provide structural rigidity, support the weight and support the
in-process stresses of the die.

NOTE - The die structure is essentially all portions of a die that are not part of the die face.

3.8.7 feature:an area of interest on an item that is described as a unit for some purpose. A feature serves as

a means or calling attention to or attacning propertes 1o any porton or an tem design. 1ne al

to v

3.8
pro
pro
3.8

\
g

3.8
is c

3.8
3.8
be ¢
insy
3.8

)

NOTES

IOTE - Hard aids may be made of wood, clay, plaster, or other materials. Hard aids are used whe

hich a feature applies are parts, materials or die components.

- A portion is either a subset of the item design, or is the entire design.

- A feature may exist without feature properties attached to it. Such a feature‘may be noted becal
f an item design that is frequently incorporated in other designs.

9 hard aid:a physical model of a shape, part, or product.

esign data are a physical model, as frequently ogeurs in styling or prototyping work.

10 in-processa description of a process,that has more than one manufacturing process b
bmpleted.

11 mating die:a die that has a die face (see 3.8.4) that mates with a die face of another d
12 part process planthe-detailed plan for the manufacture of a part. It includes a sequenc
pxecuted that call out.the-selected machines, fabrication, operation steps, setups, routings
ection requirements-employed to produce a part.

13 sheet metalmetal in a form in which the thickness is substantially less than the width of

IOTE - The‘maximum metal thickness permitted fotaht be considered sheet metal varies between
N the ‘automotive industry, this maximum is 13 millimeters. In aerospace, it is 7 millimeters.

owable items

se it is a subset

8 feature property:data that are associated with all or a portion of the design of an iten. Feature
berties are design intent, styling, material composition, methed of manufacture, function
perties.

or physical

n the source of

bfore the item

.
e of steps to
and in-process
length.

ndustries.

r is intended

3.8.

4 ) & ol b dlo o o " 1ol ) otk dlo ot ol H ! 4
1'—!- SICTUITIE A Padliad Pdi't Uidl 1S TIUL Aal'T ASSCTITIOy U ULl Padlts DUt thiat TIUIeT 15 a4 progdutt

to be assembled into a product, and that is sheet metal or is fabricated from sheet metal (see 3.8.13).

3.8.15 sheet metal part process pla@ part process plan (see 3.8.12) for a sheet metal part (see 3.8.14).

12
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3.8.16 stamping pressa machine that applies force to close and open a die set (see 3.8.5) on a sheet metal
work piece in order to form it.

NOTE - Annex L describes stamping presses in more detail.

3.8.17 suppliera person or organization responsible for producing that design, plan, or physical object under
the feTms of a contract.

3.9 Abbreviations

For[the purposes of this part of ISO 10303, the following abbreviations apply:
— AAM  Application Activity Model;

— AIC Application Interpreted Construct;

— AIM Application Interpreted Model;

— AP Application Protocol;

— ARM  Application Reference Model;

— ATS Abstract Test Suite;

— B-rep  Boundry representation;

— CMM  Coordinate Measuring-Machine;

— ICOM Input, Control, @utput, Mechanism;

— IDEFO Integration.Definition for Function Modeling;
— IDEF1X Integration Definition for Information Modeling;
— NC Numeric Control,

— OPT Optional

—/)PICS Protocol Implementation Conformance Statement;

— UoF Unit of Functionality.

13
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4 Information requirements

This clause specifies the information required for sheet metal die planning and design.

The information requirements are specified as a set of units of functionality, application objects, and
application assertions. These assertions pertain to individual application objects and to relationships between
apdlication objects. The information requirements are defined using the terminology of the subjeft area of this

apglication protocol.

NOTES
1 - A graphical representation of the information requirements is given in annex H.

4 - The information requirements correspond to those of the activities identified-as being within the
gpplication protocol in annex G.

gre used to meet the of this application protocol.

4.1 Units of functionality

This subclause specifies the units of functionality for<the Sheet metal die planning and desig
protocol. This part of ISO 10303 specifies the following units of functionality:

— feature;

+4 item;

— item_definition;

— item_definition_relationship;

— item_version;

— part_process” plan;

— product;

—Crepresentation_element;

— shape_definition;

— shape_definition_relationship;

14

scope of this

3 - The mapping table specified in 5.1 shows how the integrated resources <and application interprefed constructs>

n application
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— tolerance;
— work_order;

— work_request.

Theg units of functionality and a description of the functions that each UoF supports are giver] below. The
apglication objects included in the UoFs are defined in 4.2.

4.1.1 feature

The feature UoF represents areas of interest on an item that are described)as a unit for some purpose.
These areas of interest may serve as a means of calling attention to,,énattaching properties to, all or
a pprtion of the design of an item.

EXAMPLE 2 - When a die is intended to be loaded into a press using.a ‘crane, a hole feature may|be designed in
the die to accommodate the hook of the crane.

Thg following application objects are used by feature UoF:

— feature;

— feature_property.

4.1.2 item

Thg item UoF represents actual physijcal objects and their classifications.
Thg following application objectsiare used by item UoF:

+ die;

+ item;

+ item_classification;

+ item- classification_relationship;

15
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4.1.3 item_definition

The item_definition UoF represents various designs of an item and its classifications.

The following application objects are used by item_definition UoF:

©I1SO

4.1

The

— designed_item;

— die_definition;

— external_item_reference;

— final_part_definition;

— in_process_part_definition;

— item_definition;

— material_definition;

— part_definition;

— scrap_definition.

4 item_definition_relationship

item_definition_relationship UoF represents the relationship between the design of one item

of gnother item.

The

following application objeets are used by item_definition_relationship UoF:
— assembly_compenent_relationship;
— input_itenm die_relationship;

— item_definition_relationship;

——make_similar_to_relationship;

and the design

— mating_relationship;

— specified_material_relationship;

16


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©ISO ISO 10303-207:1999(E)
— symmetrical_item_relationship.
4.1.5 item_version

The item_version UoF represents versions of items and distinguishes whether they are intended for manufacture
internally or externally to the organization that designed them.

Thg following application objects are used by item_version UoF:

— item_version;

— made_in_house;

— purchased.

4.1.6 part_process_plan

The part_process_plan UoF represents part process planstand their constraints, versions, fand component
operations.

Th4g following application objects are used by part_process_plan UoF:
~+ die_definition_constraint,

+ part_process_plan;

+ part_process_plan_template;

+ part_process_plan_version_relationship;

-+ plant_constraint;

4+ press_definition,

+ processyeperation.

4.1.7 «product

The product UoF represents the physical product and both where and when given parts are located within it.
The following application objects are used by product UoF:

— marketable_assembly;

17
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— part_on_product;

— part_on_product_location;

— production_effectivity.

4.1

Theg
tion

The

.8 representation_element

representation_element UoF contains representations of elements within overall shapes. Th
5 include mathematical and physical representations.

following application objects are used by representation_element UoF:

angle_distance_dimension;
curve_distance_dimension;
curve_length_size dimension;
diameter_size_dimension;
dimensional_representation;
distance_dimension;
linear_distance_dimension;
physical_representation;
position_orientation_representation;
radius_size_dimension;
representation_element;

size .dimension;

selid_representation;

18

surface_representation;

wireframe_representation.

©I1SO
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4.1.9 shape_definition

The shape_definition UoF represents the shapes of entire items or areas of interest on items that comprise less
than entire items.

The following application objects are used by shape definition UoF:

— die_shape_definition;

— feature_shape_definition;

— material_shape_definition;

— part_shape_definition;

— shape_definition.
4.1.10 shape_definition_relationship

Thg shape_definition_relationship UoF represents relationships between shapes.

Thg following application objects are used by shape: definition_relationship UoF:

— envelope_relationship;

— shape_definition_relationship;

— similarity_relationship.

4.1.11 tolerance

The tolerance UoF represents design allowable deviations on measurements and positions of glements within
shajpes.

Thg following application object is used by tolerance UoF:

— _coincidence_defaults;

— dimension_tolerance_range;

— shape_tolerance;

20
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— tolerance_bound;

— tolerance_value.

4.1.12 work_order

Thg work_order UoF represents work which has been assigned and all of the classifications-of directives for
tha{ work to be done.

Thg following application objects are used by work _order UoF:
+ change_order;

+ external_order;

+ internal_order;

+ start_order;

-+ work_item;

+ work_order;

+ work_order_relationship;

—+ work_order_responsibility.

4.1.13 work request

Thg work_request UoF represents the classifications of solicitations for work to be done.

Thg following application 0bjects are used by work_request UoF:

— change_reguest;

— start\request;

—cwork_request.

4.2 Application objects

21
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This subclause specifies the application objects for the sheet metal die planning and design application protocol.

Each application object is an atomic element that embodies a unique application concept and contains attributes
specifying the data elements of the object. The application objects and their definitions are given below.

4.2.1 Angle_distance_dimension

An Angle_distance_dimension is a type of Distance_dimension (see 4.2.16) where the distance is calculated
betyveen two elements converging on a common point or line, measured in units of angleameasure. The data
asspciated with an Angle_distance_dimension are the following:

- clockwise;

L orientation.

4.2.1.1 clockwise

N

Thg clockwise specifies whether or not the dimension is measured in"a clockwise direction from the geometric
badis element to the geometric target element.

4.2.1.2 orientation

Thg orientation specifies the vector that defines the rght-hand-rule to be used in determining thje direction of
medsurement specified by the clockwise attribute,

4.2.2 Assembly _component_relationship

An Assembly_component_relationship is a type of Item_definition_relationship (see 4.2.31) dgscribing the

imnpediate assembly context of. every component and subassembly, and conversely, the gomponent and
suljassembly composition of-every assembly of a die or sheet metal part. The data assqgciated with an
Asgembly _component_relatignship is component_quantity.

Thg component_quantity’specifies the number of components used in the construction of the assgembly to which
they belong.

NOTE - Theitem_definitions playing the roles of component and assembly must both be of thel same item_-
definition:type, and must be either a "part_definition" or "die_definition".

4.34.3, Change_order

A Change_order is a type of Work_order (see 4.2.74) that requires modifications to a previous work effort.
Items modified include part designs, die designs and part process plans. The data associated with a Change_-
order are the following:

22
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— change_design_location;

— implementor.

4.2.3.1 change_design_location

ISO 10303-207:1999(E)

The
nee

B
q
v
g
i
q
q

s

4

4,
The
4.7

AC
die

4.

N

The

change_design_location specifies the location of the aspect of a design or a step in a jpr
ds to be changed.

EXAMPLE 3 - When an aspect of a design or a step in a process plan is to be changeatjdcheofdtie int
hange within the context of the overall design needs to be specified. One possible instance of th
bould be if the shape of a hole in the design of a sheet metal part needed to be changed. A circle
round the representation of that hole as it appeared on a paper plot of the overall"part design. T

indicate the location where the Change_order change is intended to occur. Similary in a process pl

peration step needs to be replaced by draw die operation, the change might'be indicated by highligh
peration step.

.3.2 implementor
implementor specifies the person, organization, or bath responsible for implementing the
.4 Change_request

hange_request is a type of Work _request (se€ 4.2.77) that solicits change to some aspect g
design or process plan. The data assoeiated with a Change_request are the following:

— problem_change_description;
— recommended_solution.
4.1 problem_change_ description

problem_change-description specifies a problem with a part design, die design or process

change descriptions may be defined textually, graphically or a combination of both.

4.2

The

4.2 reecommended_solution

pcess plan that

ended

s specification
Mmight be drawn
his circle would
an if a trim die
ing the process

change.

f a part design,

plan. Problem

recommended_solution specifies how a change should be implemented to resolve a prob

des

em with a part

Ig, die desigmor process ptart. T Here Tmay be more tharmone recommended_sotutiom fora Change_request.
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4.2.5 Coincidence_defaults

A Coincidence_defaults is a description of the limits of positional variance between two elements of a CAD
model under which the two elements will be considered to be coincident. The data associated with a
Coincidence_defaults are the following:

— position;

— angle.

EXAMPLE 4 - A model in a CAD System A consists of two points seperated by 1.0 mm. /€AD System A requires
g linear seperation between points to equal or exceed 0.1 mm in order to be considered non-coincigent. Therefore
CAD System A has a coincidence_defaults.postion equal to 0.1 mm. CAD System B has a greater
doincidence_defaults.position, equal to 1.0 mm. Therefore if the model from CAD’ System A is transfered to CAD
System B, the two points will be considered to be coincident there.

4.2.5.1 position

Theg position specifies the maximum linear separation condition‘between two points under which they will be
congidered to be coincident.

4.2.5.2 angle

Thg angle specifies the maximum angular separation condition between two elements under which they will
be ¢onsidered to be coincident.

4.2.6 Curve_distance_dimension

A Qurve_distance_dimension.js-a type of Distance_dimension (see 4.2.16) where the distance is calculated
betyveen two elements along a“path defined by a third element of geometry.

4.2.7 Curve_length_size_dimension

A Qurve_lengthisize_dimension is a type of Size_dimension (see 4.2.63) where the element tp be measured
is al curve and the measurement is to be along the entire path of the curve.

4.3.8“Designed_item

A Designed_item is a type of Item_definition (see 4.2.30) that is a part design or die design that is created
internal to a business organization rather than created externally. The data associated with a Designed_item
are the following:
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— creation_date_and_time;

— data_exchange_history;

— data_ownership;

B

4.

N

The

4.2

Theg
iten
one

4.2
The

des
for

4.2
The

add
may

4.2

— designer;

— generating_system_information;

— media_requirements.

EXAMPLE 5 - A standard fastener is an example of an eatigrdesigned item.
.8.1 creation_date_and_time

creation_date_and_time specifies the date and optionally the ime that a Designed_item W

.8.2 data_exchange_history
data_exchange_history specifies the software, hardware, and sequence of all translations of

since that or those translations specified by the generating_system_information. There ma
data_exchange_history for a Designed_item.

.8.3 data_ownership
data_ownership specifies all theorganizations and associated personnel that have ownersh

gn data. Included in this information is ownership history. There may be more than one dg
h Designed_item.

.8.4 designer
designer specifies the person and organization that designed the item. The information ir

resses, and phene numbers of people and organizations who created the design of a part or
be more-than one designer for a Designed_item.

.85 generating_system_information

ISO 10303-207:1999(E)

as created.

the designed_-
be more than

ip of part or die
ta_ownership

cludes names,
die Iltem. There

The generating_system_information specifies a reference to a document, electronic file, or other source that
specifies the software, hardware, and file names where the original part or die design information was
generated. The original data set location, the name of the user who created it, and the creating organization,
with all relevant addresses and phone numbers, are included. There may be more than one generating_system_-

info

rmation for a Designed_item.

25
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4.2.8.6 media_requirements

SO

The media_requirements specifies the expected format and media to be used for the designed data information.
There may be more than one media_requirements for a Designed_item.

4.2.9 Diameter_size_dimension

A Diameter_size_dimension is a type of Size_dimension (see 4.2.63) where,the element to G
circular and the measurement is the diametrical distance between two points)on the element.

4.32.10 Die
A Die is a type of Iltem (see 4.2.27) that is a tool used singlyy or in sets in a stamping pre

compress, or hammer sheet metal against in order to impart-a‘desired shape to an object mads
It may or may not include cams.

4.2.11 Die_definition

A Djie_definition is a type of Item_definition (See 4.2.30) that defines references that are specific tg
in-process or final-form components. . The data associated with a Die_definition are the followi

4.

N

EXAMPLE 6 - Media requirements may state whether information is to be plotted on paper or provided in a

gpecified electronic format. A media_requirement might specify that the shape_definition of a die is.tq
in a proprietary corporate format while the bill of material should be presented on a specific paper

NOTE - Further explanation may be found in annex.L.

— die_function_description;

— die_layout_specification_reference;

— die_structure_specification_reference;

— die_weight;

— patterr”_casting_specification.

be presented
form.

e measured is

5S, to stretch,
p of sheet metal.

b dies or their
ng:

11.1 die function description

The die_function_description specifies the operation of a die assembly, subassembly or component.

4.2.11.2 die_layout_specification_reference
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The die_layout_specification_reference specifies the particular manuals and sections within manuals that detail
the methods and standards used to design the die face. There may be more than one die_layout_specification_-
reference for a Die_definition.

4.2.11.3 die structure specification reference

Thdg
detd
die |

4.2

Theg
it is

4.2

Theg
be
die

)

4.2

AL
con
con
Die
The
aD

N
]

d
d

il the methods and standards used to design the structural elements of dies. There may b
| structure_specification_reference for a Die_definition.

.11.4 die_weight

die_weight specifies the weight of a die component, subassembly or-fully assembled die se
estimated, calculated, or measured.

.11.5 pattern_casting_specification

pattern_casting_specification specifies an already manufactured pattern or an existing ca
Ised to obtain the casting from which the die component will be machined. This attribute o
components that are not assemblies.

IOTE - This application element is a referencecto either a physical object or to a CAD design.
.12 Die_definition_constraint

ie_definition_constraint is a description of a restriction on how a die is defined. A Die_|

Straint as described in theyconstraint_description attribute of this entity. The data assq
| definition_constraint is.constraint_description.

constraint_description specifies a description of the Die_definition_constraint and also sp¢
e_definition_constraint is neither a Plant_constraint nor a Press_ definition.

IOTES
- IDERIX"occasionally is incapable of modelling category relationships when the candidate gene

ne onmore of its candidate category entities participate in circlddionships. The IDEF1X terms gene
ategory correspond to supertype and subtype in EXPRESS terminology. A Die_definition_consti

die_structure_specification_reference specifies the particular manuals and sectionsqwithin manuals that

e more than one

t, and whether

sting design to
nly applies to

definition_-

straint is commonly a Plantyconstraint (see 4.2.50), a Press_definition (see 4.2.52), or dnother kind of

ciated with a

peifies that

ric entity and
ric and
aint is such a

oot fid <l HP P20 I o ADNA b ol £ Y Aalladl a4y
ATTUTUATT YTTICTIC Ty a5 UCTPICICTU TIT UTCT ARV UTAayTr AimTS.— TTTCTTCTUT T TUTS TTITUUTTICTU AS AT Tty v

hich "is" zero

or one of each of the two entities which would have been its category entities. In addition, the note following has
been added to the ARM diagram to ensure that the Die_definition_constraint is treated as a generic entity.

2 - Each instance of Die_definition_constraint is either a Press_definition, a Plant_constraint, or neither of them.
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EXAMPLES

7

- ltems such as plant crane capacity, material handling capabilities and plant layout restrict the ma

a die may be designed.

AD
ad

4.2

AD
may

Qo._Q) =

~ = —+ = <~ ~ ) [Tl

The

The
spe

4.2

4.13 Die_shape_definition

tress on a d|e and the coeff|C|ent of thermal expansmn of the steel from wh|ch the d|e WI|| be cas

ie_shape_definition is a type of Shape_definition (see 4.2.59) where the shape being desc
e or die component.

.14 Dimension_tolerance_range

imension_tolerance_range is a range of values within which the realization of a Dimensional_r
fall and still comply with the design specification.

IOTE - Instances of Dimension_tolerance_range either have a non-blank value for their tolerang
ttribute, or non_blank values for all of their associated Telerance_value instances; but never do
ccur simultaneously.

EXAMPLE 9 - The range of values can be specifieehin many ways. In shegtdesign of the active surd

die or of the shape of the formed sheet metal; tolerances may often be implied by the number of
ne Dimensional_representation. For exanmiple, if 7.0 mm is specified, it is assumed that the actus
ary between 6.9 and 7.1 mm. If 7.00 mm were specified, the actual measure could vary betweer
hm. Other sheet metal designers use:a-similar form of implicit tolerance known as significant digit

5 specified, it is assumed that the actual measure may vary between 6.95 and 7.04 mm. If 7.00 mm

he actual measure could vary-between 6.995 and 7.004 mm.

data associated witha:Dimension_tolerance_range is tolerance_fitting_type.

tolerance_fitting/ type specifies the class of hole and shaft fit. The tolerance_fitting_typs
cified for a particular Dimension_tolerance_range.

.15 _Dimensional_representation

SO

nner in which

- Examples of Die_ defmmon constralnts wh|ch are nelther examples of Plant_i constramts nor of

ribed is that of

epresentation

e_fitting_type
both situations

aces of

digits given in
| measure may
6.99 and 7.01

5 or rounding

plerance. These represent the range.of values that would round to the specified measure. For example, if 7.0 mm

were specified,

need not be

A Dimensional_representation is a type of Representation _element (see 4.2.57) in which the shape of an object

is represented in terms of a series of dimensional units and values.

EXAMPLE 10 - The represeation of a péce of sheet nt@l may be that it is 2 meters long by 1 meter wide by 3
millimeters thick.
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4.2.16 Distance_dimension
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A Distance_dimension is a type of Dimensional_representation (see 4.2.15) that is a calculation of the distance
between two elements of geometry or annotation. Each Distance_dimension is either an Angle_distance_-
dimension (see 4.2.1), a Curve_distance_dimension (see 4.2.6), or a Linear_distance_dimension (see 4.2.33).

4.2.17 Envelope_relationship

An

plays the role of envelope for another Shape_definition. It is possible to have multiple:Envelope |

for

4.2.18 External_item_reference

An External_item_reference is a type of Item_definition.(See 4.2.30) in which the definition of t

be

typically procured rather than designed. The data associated with an External_item_refe
follqwing:

4.

Thg manual_reference_description specifies page and paragraph references within books an

co

4.

Thg name specifies the name by which the external item is known.

4.

he same pair of Shape_definitions.

oundary Shape_definition and the design Shape_definition is an Envelafienstip type of Shape_defir

B
Wwithin a boundary. The boundary may also be defined as a Shape_definition. The relationshi
b
relationship

glescribed in terms of or as an item that has been externally originated. An external item is

— manual_reference_description;

-— Nname;

— needed_modifications.

.18.1 manual_reference_description

N

ntain external’jtem information.

4.18.2-hame

Envelope_relationship is a type of Shape_definition_relationship (see 4.2.60) in which one Shape_definition

| relationships

EXAMPLE 11 - A design may be developed within a constraint requiring it tg ‘have a Shap&odefiat fits

P between the
ition_-

he item may
an item that is
rence are the

d manuals that

2.18.3 needed_modifications

The needed_modifications specifies any changes that need to be made to the external item in order to make use
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of the item. The needed_maodification need not be specified for a particular External_item_reference. There may
be more than one needed_modifications for an External_item_reference.

4.2.19 External order

An External_order is a type of Work order (see 4.2.74) in which the requested work will be done by an
organization outside of the one placing the order. The data associated with an External_order ar¢ the following:

— contractual_requirement;

— purchase_order_number;

— purchasing_agent;

— supplier_identification.
4.2.19.1 contractual_requirement
Theg contractual_requirement specifies the terms of the.contract between the contractor and the supplier

responsible for carrying out the work outlined in the externalxoieere may be more than one contiactual_-
reglirement for an External_order.

4.2.19.2 purchase_order_number

Thg purchase_order_number specifies the-External_order for the supplier.

4.32.19.3 purchasing_agent

Theg purchasing_agent specifies the people and associated departments or internal organizations responsible
for |procuring the services.of a supplier to service the External_order. There may be mpre than one
purghasing_agent for an.External_order.

4.2.19.4 supplier_identification

Thg supplier_identification specifies the supplier who is servicing the External_order. The identification
information: includes the name, address, phone number and any other unique identificatiompjaiea s
buginess organization. There may be more than one supplier_identification for an External_order.

4.2.20 Feature

A Feature is an area of interest on an Item (see 4.2.27) that is described as a unit for some purpose. The data
associated with a feature are the following:
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— designer;
— feature_name.
EXAMPLE 12 - Possible Features include adhesive locations, beads, bends, body lines, breaklines, cutouts, dimples,

feature lines, flange lines, holes, joggles, locating points, lock stops, machinable areas, master control surfaces,

1 ; ; pots, and work
lines.

NOTE - The data feature_identification has been removed and will be mapped to the attribute ideptifier when it
i$ available in I1SO 10303-41.

4.2.20.1 designer
Thg designer specifies the designer of the particular feature being defined as part of an Item_definition.
4.32.20.2 feature_name

Thg feature_name specifies the class of Feature as a descriptive label.
4.2.21 Feature_property

Theg Feature_property is the description of a property and associated values that are attached to a feature of
a part or die component. The data associated.with a Feature_property are the following:

— property_description;

— property_type.

EXAMPLE 13 - Possible properties of features include skadity) grain direction, surface finish, surface|quality,
Heat treat information, finish coats, springback, coating properties, and key characteristics.

NOTE - The data feattre_property_identification has been removed and will be mapped to the attripute identifier
when it is availabletin 1ISO 10303-41.

4.2.21.1 property_description

Theg property_description specifies the property measurements associated with a Feature. | This property
desgription may be textual or may be a value with a specified unit. This property may or may n¢t be intrinsic
to a material.

4.2.21.2 property type
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A property_type specifies the class of property.

4.2.22 Feature_shape definition

©I1SO

A Feature_shape_definition is a type of Shape_definition (see 4.2.59) in which the shape being described is
that of a Feature. The Feature shape definition may describe the shape of a Feature on a p

isd

art whose shape

efined by a Part_shape_definition (see 4.2.48).

4.2.23 Final_part_definition

A Hinal_part_definition is a type of Part_definition (see 4.2.42) that is the output.of the final d
performed on the part prior to any assembly work.

4.2.24 In_process_part_definition

An |n_process_part_definition is a type of Part_definition (see 4.2.42)\in which the part being de
in-process sheet metal part that is intended to be operated upofirby a manufacturing process.

or more manufacturing processes acting upon one or more in<process part definitions will produ

out
des

4.2

An
rel

put a part defined by a Final_part_definition (see 4.2.23). As such, an in_process_part_d
gn of a sheet metal part in terms of the requirements for’ operation by a subsequent manufag

.25 Input_item_die_relationship

Input_item_die_relationship is a type -of Item_definition_relationship (see 4.2.31) that
tionship between input parts or materials or scrap and the die that modifies them. The

~
(¢

material or scrap is the in-process part.orraw material or by-product of a previous process that w

by

the
Ilma
"die

4.2

An

die. The item_definition playing the role of input_item shall be of item_definition_type "part |
terial_definition”, or "scrap)definition”, and that playing the role of die must be of item_defi
|_definition".

.26 Internalcorder

Internal_ordér is a type of Work_order (see 4.2.74) in which the work described by the W

plapned to Be done within an organization. The data associated with an Internal_order are th¢

32

—~authorized_hours;

ie operation

fined is of an

A series of one
ce as the final
efinition is the
turing process.

describes a
input part or
ill be stamped

 die in a press operation. This relationship also describes the positioning and orientation of the item within

definition",
hition_type

ork_order is
e following:

— charge_number;

— source_department.
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4.2.26.1 authorized hours
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The authorized_hours specifies the maximum number of man hours that will be allocated for completing the
terms of the Internal_order.

42262 r‘hnrgn_numhnr

The

charge_number specifies a project against which the hours or cost of completing the.\Work

chalrged.

4.2

Thq
des
add

4.2

An
ma
ass

4.2

The

4.2

The

.26.3 source_department

source_department specifies the group that drafted and requested. the Internal_order.

Cribing the source_department includes any organization identifiers, thé name of the departme
ress, and department phone number. There may be more than one.source_department for a

27 Item

tem is an object in the scope of the subject of sheet metal that is, or is intended to be, prod
be one of the following: a Die (see 4.2.10), a Material (see 4.2.37), or a Part (see 4.2.4

pciated with an Item are the following:

— item_description;

— item_name;

— item_number.

27.1 item_description

item_description specifies the description of an object in the scope of the subject of sheet

27.2 item>hame

item_name specifies the name of an object in the scope of the subject of sheet metal.

4.2

| order may be

Information
ent, department
N Internal_order.

iced. An Item
11). The data

metal.

27.3 item_number

The item_number specifies a unique identification of a manufactured object in the scope of the subject of sheet
metal.

4.2.28 Item_classification
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An Item_classification specifies a categorization of an Iltem. This classification is intended to be used so that
designers may easily reference similar designs done in the past. The data associated with an Item_classification
are the following:

— classification_description;

— classification_identification;

— classification_name.

o
N

.28.1 classification_description
The classification_description specifies a human interpretable definition.of the Item_classificatjon.
4.3.28.2 classification_identification

Thg classification_identification specifies a unique identification)of the Item_classification.
4.3.28.3 classification_name

Thg classification_name specifies a meaningful name for a categorization of ltems.

EXAMPLE 14 - A classifiation_name may be-deep drawn die assemblies, die shoes, or brackets.
4.32.29 ltem_classification_relationship

An [tem_classification_relationship is a hierarchical association of two Item_classification objects. The data
asspciated with an Item_classification_relationship is relationship_description.

Thgq relationship_description ‘specifies the nature of the association between the two Item_classification objects.

4.2.30 Item_definition

An Item_definition is a type of Work_item (see 4.2.73) that is the complete description of gn assembly,
con
ope
4.2 f the f Iowmg either
a Die_definition (see 4.2. 11) a Material deflnltlon (see 4. 2. 38), a Part_definition (see 4.2.42), or a Scrap_-
definition (see 4.2.58). This definition includes all relevant properties of the defined item such as item
relationships, the physical shape of the Item, and Feature characteristics. The data associated with an Item_-
definition are the following:
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— approval;

— approval_status;

— definition_description;

)

4.2

An

to indicate that the Item_definition has met certain requirements fram their perspectives. There

tha

H
t

4.2

An

4.2

The

4.2

The
ort
con

be more thanone procurement_information for an Item_definition.

— procurement_information;
— proprietary_security_usage_information.

IOTE - The data item_definition_identification has been removed and will be mapped fo the attrik
Uhen it is available in ISO 10303-41.

.30.1 approval
hpproval specifies all relevant signoffs and signoff dates by respective’management and tech
N one approval for an Item_definition.

EXAMPLE 15 - The requirements of a person providingyan approval may include conformity
bchniques, contractual obligations, quality, or a standard.

.30.2 approval_status

approval_status specifies the status of the last approval for an Item_definition.
.30.3 definition_description

definition_description spegcifies a description of the physical item being defined.
.30.4 procurement_information

procurement_jnformation specifies the information required to procure items needed as part

D procure externally originating items. This information includes the name, address, phong
fact personnel of thenaor sipplying the item. This velor may be an in-house department. T

ISO 10303-207:1999(E)

ute identifier

hical personnel
may be more

to: drafting

of the design,
number, and
here may

4.2

.30.5 proprietary security usage information

The proprietary_security_usage_information specifies a description of the degree to which item definition data
may be shared and used within and external to an organization. This information would include any limitations
on distribution of data, limitations on who may access the data, and limitations as to what the data may be used
for. There may be more than one proprietary_security_usage_information for an Item_definition.
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4.2.31 Item_definition_relationship

An Item_definition_relationship is a specific type of relationship between one Part_definition (
Die_definition (see 4.2.11), Material_definition (see 4.2.38), or Scrap_definition (see 4.2.58)
Part_definition, Die_definition, Material definition, or Scrap_definition. An Item_definition_relatio
be ¢ne of the following: an Assembly_component_relationship (see 4.2.2), an Input_item_die_rel
4.2125), a Make_similar_to_relationship (see 4.2.35), a Mating_relationship (see 4.2.40), i
mafterial_relationship (see 4.2.65), or a Symmetrical_item_relationship (see |-4.2.
Item_definition_relationship is an association of two Item_definitions which defing ltems wh
asgembled together, act upon each other, be similar to each other, mate or interface with
sympmetrical to each other, or where one item is used to make the other. I{"is' possible to
relationships between the same pair of part, die, material, or scrap Item_definitions provided tH

relgtionships is of a different relationship type. The data associated with an Iltem_definition_r
relgtionship_description.
The relationship_description specifies a definition of the manner in‘which two Item_definitions r
oth¢r. The description shall be defined in a manner that is specifie to the type of relationship be
EXAMPLE 16 - A symmetrical item relationship_descriptiaiti lae a description of the manner in which t
gre symmetrical to each other with respect to a point, line; or plane.
4.2.32 ltem_version
An |tem_version is a type of Work_item (see 4.2.73) that is a particular variant of an object in
the subject of sheet metal that is, or is intended to be, produced. An Item_version may be one ol
either a Purchased (see 4.2.55) or a'Made_in_house (see 4.2.34). The data associated with
are(the following:
+ approval;
+ approval_status;
+ description;
+ item.version_identification;
+-fevision_date_and_time.

SO

see 4.2.42),
and another
nship may
Ationship (see
h Specified_-
59). An
ch may be
each other, be
have multiple
at each of the
elationship is

blate to each
ng described.

Vo parts

the scope of
the following:
an ltem_version

4.2.32.1 approval
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An approval specifies all relevant signoffs and signoff dates by respective management and technical personnel
to indicate that the ltem_version has met certain requirements from their perspectives. There may be more than

one

approval for an Item_version.

4.2.32.2 approval_status

An

4.2

Theg
isb

4.2

The

4.2

A ré

4.2

AL
bet

)

q

4.2

A M
the

4.2

AN

ppproval_status specifies the status of the last approval for an Item_version.

.32.3 description

description specifies a description of the version of an object in the scope of the/stbject of s
eing identified by the Item_version.

.32.4 item_version_identification

item_version_identification specifies uniquely the Item_version:

.32.5 revision_date _and_time

bvision_date_and_time specifies the date and optionally the time that the Item wessi@vised
.33 Linear_distance _dimension

near_distance_dimension is a type of.Distance_dimension (see 4.2.16) where the distanc
veen two elements along a linear path.

IOTE - The Linear_distance_dimension can be used for the horizontal measurement between
pecifying a direction vector parallel to the x-axis of the coordinate system.

.34 Made_in_heuse

ade_in_house is‘atype of Item_version (see 4.2.32) manufactured internal to an organizatic
Item.

.35 Make_similar_to_relationship

lake similar_to relationship is a type of Item_definition_relationship (see 4.2.31) betweer

heet metal that

e is calculated

two points by

n that designs

two ltem_-

defi

nitions wnhere one ltem_dertinition was defined similarly to a second ltem_detinition.

EXAMPLES
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17 - A designer may wish to maintain a record of the association between a current design for a die punch and the
design of a die punch used on an otherwise unrelated project several years before, because he wishes to be able to
justify the current design's unusual characteristics as being based on the reliability of the previous design.

18 - A Make_similar_to_relationship only models relationships between Item_definitions. Item
relationships may or may not have their shapes characterlzed because purely textual descriptions are aIIowed or

AN

ass

Theg
of N

(¢

4.2
The
4.2

Theg
thel

i

f that similarity. This distinguishes Make_similar_to_relationship from Similarity_relationship._

4.36 Marketable_assembly

arketable_assembly is a component or assembly that is, or includes, one’ or more stamp
pciated with a Marketable_assembly are the following:

— model_identification;

— production_year;

— style_identification.

.36.1 model_identification

model_identification specifies the speeific model of a marketable_assembly within a style g
larketable _assemblies.

XAMPLE 19 - In the automotive business the model ideitifizmy might identify a Pontiac Bonneville
ne of the Marketable_assembly'types within the A style category.

.36.2 production. year
production_year-specifies the year in which a Marketable_assembly is or is intended to be
.36.3 style identification

styleidentification specifies a particular classification of Marketable_assemblies based on c¢
eof

objects. Such components and assemblies include automobiles, airplanes and computer chg

_definition_-

ed sheet metal
ssis. The data

ategorization

that is

manufactured.

brtain features

EXAMPLE 20 - In the automotive business the style is often a cétegjon of Marketable_assemblies based on
common shapes of the car body among several different vehicles.

4.2.37 Material

38


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO ISO 10303-207:1999(E)

A Material is a type of Item (see 4.2.27) that identifies the raw material of which a part or die Item is made.

4.2.38 Material _definition

A Material _definition is a type of Item_definition (see 4.2.30) defining aspects that are specific to

the materials

of which sheet metal parts and dies are made. The data associated with a Material_definition arg

— material_description;

— material_specification.

4.4.38.1 material_description

N

Thg material_description specifies the materials of which sheet metal patts, dies, and die compor

4.3.38.2 material_specification

Thg material_specification specifies the callout or identification of a specific material via refereng
or mpanual that contains a listing of raw materials.

4.2.39 Material_shape_definition

A Material_shape_definition is a type of Shape definition (see 4.2.59) where the shape being de
of g material.

4.2.40 Mating_relationship

A Mating_relationship is a type of ltem_definition_relationship (see 4.2.31) used for the desci
relationship between mating eomponents in an assembly or subassembly of a part or die Item. T
sperifically defines howrmating parts interface and any associated shape characteristics of the ir
Mating_relationship the\types of Items that are related must be of the same type. Thus part Itemd
a mating relationship with die Iltems and vice versa.

OTE - The item_definition playing the role of mating and the item_ilieimplaying the role of mated mu
e of the'same item_definition_type, must be of item_definition_type "partitefiror "die_definition", and
e at\the same level with respect to the next higher level of assembly. This distinguishes this relation

e the following:

ents are made.

es to a book

scribed is that

iption of the

his relationship
terface. Inthe
5 may not have

st both
must
ship type from

ssembly component_relationship.

4.2.41 Part

A Part is a type of ltem (see 4.2.27) identifying a sheet metal product or an in-process sheet m

etal Part Iltem.
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4.2.42 Part_definition

©I1SO

A Part_definition is a type of Item_definition (see 4.2.30) that further defines aspects that are specific to sheet
metal parts. A Part_definition is either a Final_part_definition (see 4.2.23) or an In_process_part_definition
(see 4.2.24).

4.2

A P
she

4.2

AP
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The
ass|

4.2
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nee

43 Part_on_product

art_on_product is the relationship between a product such as an assembly, aireraft, or aut
et metal part that is placed on that product.

.44 Part_on_product_location

art_on_product_location is the location of a sheet metal part with«tespect to the Marketable
Ch it will be placed. The data associated with the Part_on_praoduct_location is intraproduc

intraproduct_location specifies where a specific sheetmetal part is placed relative to a
embly.

45 Part_process_plan

art_process_plan is a type of Work_item (see 4.2.73) that is the description of the specific
ded to manufacture a sheet metal Part~The data associated with a part_process_plan ar

— approval;

— approval_status;

— creation_date_and_time;

— data_ownership;

— generating_system_information;

— partoprocess_version_identification;

omobile, and a

| assembly on
_location.

Marketable -

process steps
e the following:

—~plan_status;

— planner;

— production_rate;
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— proprietary_security_usage_information;

— review_date_and_time;

— version_description.

ISO 10303-207:1999(E)

4.2

An

45.1 approval

hpproval specifies all relevant signoffs and signoff dates by respective management and.tech

to indicate that the plan for the manufacturing process of a sheet metal part has met_Certain req

thei

4.2

An

4.2

The

I perspectives. There may be more than one approval for a Part_process_plan:

.45.2 approval_status

hpproval_status specifies the status of the last approval for a Pari-process_plan.

.45.3 creation_date _and_time

creation_date_and_time specifies the date and optionally the time that indicates when the

plan was created.

4.2

The
oW
righ
pro

4.2

The
har
info
nun
ong

4.2

.45.4 data_ownership

data_ownership specifies a breakdown of all the organizations and associated perso
ership rights in Part_process_plan data: Included in this information is ownership history,
ts and other related proprietary statements. There may be more than one data_ownersi}
Cess_plan.

45.5 generating_system_information

generating_system_information specifies a reference to an external document that specifie

dware and file mpames where the original process plan information was generated. In
rmation is the-iser who created the data and the creating organization with all relevant addres
nbers. The-Jocation of the original data set is also included in this information. There may
generating’ system_information for a Part_process_plan.

A5:6 part_process_version_identification

hical personnel
Lirements from

Part_process_-

hnel that have
all ownership
ip for a Part_-

s the software,
cluded in this
bses and phone
be more than

The part_process_version_identification specifies the unique Part_process_plan.
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4.2.45.7 planner

The planner specifies the person and related organization responsible for constructing the Part_process_plan
There may be more than one planner for a Part_process_plan.

4245 8 plnn status

Theg plan_status specifies the degree to which the plan has been accepted. The statuses.that may be specified
include released, pre-released, and implemented.

4.2.45.9 production_rate

Thg production_rate specifies the frequency of sheet metal part production based on the part process plan.

4.32.45.10 proprietary_security _usage_information
The proprietary_security _usage_information specifies the degree to which Part_process_plap data may be
shgred and used within and external to an organization. This"information would include any |imitations of

distfibution of data, limitations on who has access to the data and limitations as to what the datp may be used
for.| There may be more than one proprietary_security,_usage_information for a Part_process| plan.

4.32.45.11 review_date_and_time

The review_date_and_time specifies the date and optionally the time information that indicate when the Part_-
progess_plan was reviewed.

4.2.45.12 version_description

The version_description specifies the general process that is being followed to produce a particular sheet metal
Paui.

4.3.46 Part_process plan_template

A Part_process_plan_template is a template for outlining the general steps that are required {o manufacture
a slpeet metal part.

NOTE - The data standard_plan_identification has been removed and will be mapped to the attripute identifier
when It Is avallable In 150 10505-41.
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4.2.47 Part_process_plan_version_relationship

ISO 10303-207:1999(E)

A Part_process_plan_version_relationship is a relationship between a Part_process_plan and a subsequent
Part_process_plan based upon it. The data associated with a Part_process_plan is revision_reason.

The revision_reason specifies the reason that the subsequent Part_process_plan was created from the original

rel

4.2
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4.2
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4.2

Paj;[_process_plan. There may be more than one revision_reason for a Part_process_|

A %hysical_representation is a type of Representation_element{see 4.2.57) containing the idg

ionship.
.48 Part_shape_definition

art_shape_definition is a type of Shape_definition (see 4.2.59) where the shape being desq
neet metal part.

.49 Physical representation

cription of a hard aid that is used to represent the shape-ef an object. Hard aids include
den models, plaster models and clay models of the shapes of objects. The data associated
esentation are the following:

— hard_aid_description;

— hard_aid_identification;

— hard_aid_type.

.49.1 hard_aid_description

hard_aid_description specifies the hard aid in terms of its properties and characteristics.

.49.2 hard_aid” identification

hard_aidgidentification specifies uniquely a physical model that represents a shape.
tificationnmay indicate a location and physically stamped identification number.

plan_version_-

ribed is that of

ntification and
such things as
with a physical

The unique

49:3 hard_aid_type

The hard_aid_type specifies the type of hard aid being used for the Physical_representation.

EXAMPLE 21 - Hard aid types include plaster, wood, and clay.
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4.2.50 Plant_constraint

SO

A Plant_constraint is a type of Die_definition_constraint (see 4.2.12) placed on the manufacture of stamped
sheet metal parts based on a capability or requirement of the facilities and organization responsible for
producing the parts. The data associated with a Plant_constraint are the following:

The constraint_description specifies the nature of a constraint.

4.

Thg constraint_type specifies the kind of restriction with regard to manufacturing sheet metal par
hag. There may be more than)one constraint_type for a Plant_constraint.

Theg constraint_value specifies the measure or value of a restriction with regard to manufacturi
parts that a plant has. There may be more than one constraint_value for a Plant_constraint.

.4.50.1 constraint_description

.4.50.3 constraint_value

— constraint_description;

— constraint_type;

— constraint_value;

— plant_identification.

when it is available in ISO 10303-41.

EXAMPLE 22 - An example of a constraint_description could be "die weight maximum" when re

apacity”. Together these attributes define a Rlant_constraint in which die weights caeedtléxtons
rane capacity.

O 0O _Tm

4.50.2 constraint_type

EXAMPLE 23 - Constraint_types include crane capacity, automation equipment restrictions, pres
Alant layout restrictions, and die material requirements. See also example 22.

NOTE - The data plant_constraint_identification has been removed and-wil’be mapped to the attripute identifier

ferring to a

lant_constraint in which a constraint_value could be "10 tons" and the constraint_type could bg¢ "plant crane

due to

s that a plant

5 capabilities,

g sheet metal

EXAMPLE 24 - See example 22.

4.2.50.4 plant_identification
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A plant_identification specifies the plant in which the constraints regarding the Part_process_plan exist.
4.2.51 Position_orientation_representation

A Position_orientation_representation is a type of Representation_element (see 4.2.57) that describes the

orientation of objects relative to each other in a given space, or establishes the context of a single object relative
to g space.

OTE - A Position_orientation_representation may only be used to represent Shape_definitiond which are in
relationships with subtypes of Item_definition_relationship.

XAMPLE 25 - A special case example is mirroring, in which an object is oriented.as a mirror imfage across a
iven plane or line of symmetry relative to another object.

4.2.52 Press_definition

A Press_definition is a type of Die_definition_constraint (see 4.2.12)) that describes the device that is used in
a process operation to cause a die or dies to form a sheet metal part, and includes any automated devices
reqlired to manipulate the sheet metal within that device. This/description includes the attributeq of this device
and its interior handling equipment.

NOTE - Every Press_definition participates in at least*one of its non-identifying relationships.

EXAMPLE 26 - Some dies require mounting withif“a press in order to be used to impart shape totaljeétene

ress is this device in such cases. Other dies*may not require a press, but must have the sheet metal mounted in
clamp that is then used to stretch the metal’over the die; the clamp is this device in such cases. [Some dies need
either a press nor clamps because they-are used as a form over which to manually hammer shegt metal.

o T & W o T s s |

Theg data associated with a press ‘definition are the following:

— automation_equipment;

— press_forces;

— press_identification;

— press.line;

—Cpress_location;

— press_size;

— press_specification_reference;
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— press_type.

4.2.52.1 automation_equipment

SO

The automation_equipment specifies all automated equipment associated with the press. There may be more
than one automation_equipment in a Press_definition.

The

eadh of its one or more rams. There may be more than one press_forces for a Press_definitig

4.2

The

4.2

Theg
to b

4.2

Thdg
line

4.2

Theg
the

)

4.2

EXAMPLE 27 - Typical types of autoation_equipment that are attached or used with a press-+may

ands, robots, suction grippers, andahgain devices.
.52.2 press_forces

press_forces specifies the amount of force that a particular press may apply to a sheet me

.52.3 press_identification
press_identification specifies uniquely a physical sheet metal stamping press.
.52.4 press_line

press_line specifies the particular fabrication plant and fabrication line in which the press is
e located.

.52.5 press_location

press_location specifies the physical location of the defined press in terms of its position
or, if there is no press line, in terms of its position within a plant.

.52.6 press_size

press_size specifies the main dimensional features of a given press, including length, width
overall press,‘and the shut height. There may be more than one press_size for a Press_o

IOTE - Shut'height is the maximum height of die which a press can accomodate.

.52.7 press_specification_reference

nclude iron

al part through
n.

or is intended

ithin a press

and height of
efinition.

The press_specification_reference specifies a book or manual that contains the full specification and description
of the defined press.

4.2.52.8 press_type
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The press_type specifies the type of press.

ISO 10303-207:1999(E)

EXAMPLE 28 - Press_types could include a single action press, double action press, and several others.

4.2.53 Process_operation

AP

part.
in the manufacture and design of the sheet metal input for the operation. The data associated W

ope

o
N

The
ma

E
4.2

The
ope

rocess_operation is the description of a single operation that is involved in the manufactute)of
Included in this description is the operation production rate and references to the machines

ration are the following:

— operation_description;

— operation_sequence_number;

— reference_specifications;

— required_shut_height;

— required_stamping_forces;

— scrap_percentage;

— units_per_operation.

.53.1 operation_description

operation_description specifies the type of and procedure of a single operation that
hufacturing process of a-sheet metal part.

EXAMPLE 29 - Opeation’parameters such as die temperature may be included.
.53.2 opefation_sequence_number

operation_sequence_number specifies the particular sequence of an operation relative
rations-that produce a final sheet metal part.

a sheet metal
and tools used
ith a Process._-

s part of the

to a series of

4.2

LN N L o o} i
.9J9.0 [CICITTILE _SPELHILALUNS

The reference_specifications specifies processing standards and guidelines that are referenced as part of the
description of an individual process operation. There may be more than one reference_specifications for a
Process_operation.
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4.2.53.4 required_shut_height

The required_shut_height specifies the minimum shut height permissible in a Press_definition capable of

fulfi

42535 mqnirpd anmping_fnrr‘pc

lling the requirements of a Process_operation.
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.53.6 scrap_percentage

scrap_percentage specifies the percentage of the material that is input to the Process_op
scrap upon completion of that Process_operation.

.53.7 units_per_operation

units_per_operation specifies the number of sheet:metal items produced within one og
cess_operation.

.54 Production_effectivity

roduction_effectivity is the description.afithe production and design conditions under which
item should be used relative to the manufacture of a Marketable_assembly. The data as
duction_effectivity are the following;
— date_and_time_effectivity,

— effectivity_identification;

— sequence_effectivity.

IOTE - Either‘date_and_time_effectivity or sequence_effectivity must be specified, but not both.

541 date_and_time_effectivity

required_stamping_forces specifies the minimum required amount of force that a press must apply to a
et metal part through each of its one or more rams in order to be capable of fulfilling.the requirements of
Focess_operation. There may be more than one required_stamping_forces for-a Process_[operation.

eration that will

currence of a

a particular
sociated with a

Th

ASt == B T £F, a2 oun = tha i £ ma-adaeradkbiak B H = L taaaotal ot r
uatc_ariu_timc__THTUUVILY SPJTUHICO T TTICTIAINTIC UriacT wiineThT d oJTUIL STTCTUITICtAal part Ul

die or version

of a part or die is to be used. The timeframe typically specifies that as of a certain date and time, a certain
item should be used in a certain configuration. Sometimes there is a date and time of expiration of the
effectivity. There may be more than one date_and_time_effectivity for a Production_effectivity.

48


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

4.2.54.2 effectivity_identification

The effectivity_identification specifies a unique production_effectivity.

4.2.54.3 sequence_effectivity

ISO 10303-207:1999(E)
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equence_effectivity specifies particular sequence numbers of a Marketable assembly,
assembly of a part or die for which a specific item should be used. There may be more than
ctivity for a Production_effectivity.

.55 Purchased

urchased is a type of Item_version (see 4.2.32) procured from an organization external to th
designs the Item. The data associated with a Purchased is purchase_requirements.

purchase_requirements specifies the conditions under which the purchase must be made
e than one purchase_requirements for a Purchased.

.56 Radius_size dimension

adius_size_dimension is a type of Size_dimension (see 4.2.63) where the element is ci
ension is from the centre of the element to any:point thereon.

.57 Representation_element
Representation_element is an-object that is used to mathematically or physically repre
ntation or shape. A Representation_element is either a Dimensional_representation (

sical_representation (see 4.2:.49), a Position_orientation_representation (see 4.2.51), a Solid
p 4.2.64), a Surface_representation (see 4.2.68), or a Wireframe_representation (see 4.2.

entifier when it iszavailable in 1ISO 10303-41.

.58 Scrap_definition

crap _‘definition is a type of ltem_definition (see 4.2.30) that describes the excess pieces of
frana part during a Process_operation. Such pieces may be used in another Process_oj

assembly or
bne sequence_-

e organization

There may be

rcular and the

sent position,
see 4.2.15), a
| representation
72).

IOTE - The data representation_element_identification has been removed and will be mapped {o the attribute

metal that are
beration.

4.2.59 Shape_definition

The Shape_definition is the physical shape of some object, or of a feature of an object, of interest. A Shape_-
definition may be one of the following: a Die_shape_definition (see 4.2.13), a Feature_shape_definition (see
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4.2.22), a Material_shape_definition (see 4.2.39), a Part_shape_definition (see 4.2.48), or a Tolerance_bound
(see 4.2.70). Objects of interest include both components and assemblies of sheet metal parts and dies. The
data associated with a Shape_definition are the following:

— shape_description.

NOTES
1 - Each instance of shape_definition participates in exactly one of Shapictédimon_identifyingcrelatiorjships.

4 - The data shape_definition_identification has been removeditiig wiapped to the attribute identifigr when
it is available in 1ISO 10303-41.

4.2.59.1 shape_description

Theg shape_description specifies a general textual definition of the shape of an object.

4.2.60 Shape_definition_relationship

A Shape_definition_relationship is a specific type of relationship between one Shape_definitionp and another
Shgpe_definition. A Shape_definition_relationship may be“one of the following: an Envelope_reldtionship (see
4.2[17) or a Similarity_relationship (see 4.2.62). It is;possible to have more than one relationship between the
same pair of Shape_definitions. The data assogiated with a Shape_definition_relationship is|relationship_-
desgription.

Thgq relationship_description is a precise definition of the manner in which two Shape_definitions felate to each
other. The description provided will be-defined in a manner that is specific to the type of relationship being
desfribed.

EXAMPLE 30 - An Envelopé_fationship will contain a relationship_description describing the purpose of the
gnvelope.

4.3.61 Shape_tolerance

A Shape_tolerance'is a specification of how precisely a shape feature of a Designed_item shall be maintained
when the itemyis manufactured. The data associated with a Shape_tolerance are the following:

— _telerance_condition;

— tolerance_datum;

— tolerance_type.

50


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

4.2.61.1 tolerance_condition

ISO 10303-207:1999(E)

The tolerance_condition specifies whether the Shape_tolerance applies to a maximum material condition, a
minimum material condition or other similar property.
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vidual dimensional_representation. Each Size_dimension is either a Curve_length_size ¢

tolerance_datum specifies a reference position against which the Shape_tolerance is tobe’cq
be more than one tolerance_datum for a Shape_tolerance.

.61.3 tolerance_type
tolerance_type specifies the kind of Shape_tolerance being applied.

EXAMPLE 31 - The kinds of Shape_tolerance include cylindrical toleranee, perpendicularity toler
blerance, angular tolerance, linear tolerance, and circular tolerance.

.62 Similarity_relationship

milarity_relationship is a type of Shape_definition_relationship (see 4.2.60) that specifies g
veen Shape_definitions that is useful to maintain-a-record of.

EXAMPLE 32 - A Smilarity_relationship only models relationships between Shape_definitions. A S
blationship always is a relationship between shapes. These shapes may or may not be related to |
hey may, for example, be between shapes'of-features. Or they may be between shapes that repres
f two separate Mating_relationships. Orthey may be between shapes that represent the shape of
n assembly for an Assembly_compeneratienship. Or they may be between shapes that describe
f the input to a die with respect to.a die. These uses distinguish Similarity_relationship from Make|
plationship.

.63 Size dimensjon
ize_dimension.isZa type of Dimensional_representation (see 4.2.15) that is a characteristiq

7), a Diameter_size_dimension (see 4.2.9), or a Radius_size_dimension (see 4.2.56).

IOTE\*A chordal length is a measurement of size, although treated as a distance between tw
ircular arc.

mpared. There

ance, runout

ny similarity

imilarity_-
lem_definitions.
ent the interfaces
a component in
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| similar_to_-

of size for an
imension (see

b points on the

EXAMPLE 33 - Characteristics of size for circular arc geometry are radameter, and arc length.
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4.2.64 Solid_representation

©I1SO

A Solid_representation is a type of Representation_element (see 4.2.57) that represents shape in several
possible ways. In constructive solid geometry (CSG) solids are represented in terms of bo

operations on three-dimensional primitive polyhedra.

olean trees of

In boundary representations (B-reps), solids are

represented by the shells that describe the surface of the solid; and these shells consist of one or more surfaces
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are topologically connected to each other. The data associated with a Solid_represe
wing:

L B-rep;
— CSG.

.64.1 B-rep

B-rep specifies a topological construction of base elements fo represent the solid shap
cifically, a B-rep is composed of shells that bound a solid region of space. A shell is comp
es are constructed from base surfaces and bounding loeps. Loops are composed of ed
posed of base curves and bounding vertexes. A vertex.asserts itself based on a specific pa

ore than one B-rep for a Solid_representation.

.64.2 CSG

CSG specifies a solid geometry model composed of a tree structure of boolean operati
itives.

.65 Specified_material trelationship

bpecified_material_relationship is a type of Item_definition_relationship (see 4.2.31) de
tionship between a part’or component and the raw material from which the part or die
nufactured. The data_ associated with a Specified_material_relationship is material_quantil

material_quantity specifies the amount of a raw material to be used in creating a part or d

.66 Start order

A

tart “order is a type of Work_order (see 4.2.74) that initiates new work on a Work_item.

ntation are the

b of an object.
psed of faces.
ges. Edges are
int. There may

bns upon solid

scribing the
component is
y.

ie component.
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4.2.67 Start_request

ISO 10303-207:1999(E)

A Start_request is a type of Work_request (see 4.2.77) that solicits initiation of a part design, die design or a
process plan. The data associated with a Start_request are the following:

— request_description;

4.2

The

— request_justification.

.67.1 request_description

request_description specifies text or a graphical description of the new parf:design, die des

plan that is being requested.

4.2

The

4.2

.67.2 request_justification

request_justification specifies the reason a Start_request.was initiated.

.68 Surface_representation

A Surface_representation is a type of Representation”element (see 4.2.57) that represents s

two
as

4.

N

Thq
whi

dimensional geometry. This two-dimensional geometry is not necessarily planar. The data a
urface_representation are the following:

— surface_direction;

— surface_thickness.

.68.1 surface_direction

surface_directionsspecifies the direction from a Surface_representation of a sheet metal
Ch the material af-the sheet metal part is designed to lie.

EXAMPLE 34.-\Imagine a hemisphere that serves as the Surface_reptieseof a bowl that is to be ma

ne surface_direction would be represented by a direction coincident with a ray whose origin is th
emisphere. If one intends to form a bowl so that the outer surface of the bowl is represented by t

gn, or process

hape in terms of
5sociated with

part design in

e from

heet metal.) If one intends to form a bowl so that the inner surface of the bowl is represented by the hemisphere,

e center of the
ne hemisphere,

B
q
t
I,
t

ne-surface_direction would be oriented oppositely.

4.2.68.2 surface thickness

The surface_thickness specifies the thickness of the metal represented by a Surface_representation.
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4.2.69 Symmetrical_item_relationship
A Symmetrical_item_relationship is a type of Item_definition_relationship (see 4.2.31) between two Item_-

definitions where the two related parts, or two related die components, have shape characteristics that are
related in a defined symmetrical manner.

NOTE - The item_definitions playing the roles of right and left must both be of item_defipition_type
"part_definition", or both of item_definition_type "die_definition".

EXAMPLE 35 - This réationship could indicate the correspondence between a right hand.and left hand part of a
Qroduct.

4.3.70 Tolerance_bound

A Tplerance_bound is a type of Shape_definition (see 4.2.59) that spgecifies all or part of the bpundary of an
areq or volume within which a manufactured shape must exist in orderto comply with its design tolerance.

EXAMPLE 36 - If a cylindrical portion of a designed object has.a cylindricity tolerance, the cylingler must be
manufactured to fit within an imaginary larger cylinder and)an imaginary smaller cylinder. Each of these
inaginary cylinders is a Tolerance_bound.

4.2.71 Tolerance_ value

A talerance_value specifies a length or angle mieasurement that is a bound of a Dimension_tojerance_range.
Theg data associated with a Tolerance_value are the following:

— unit_of _measure;

— value.

EXAMPLE 37 - If a dimension of a designed object is 2 meters plus or minus .1 meters, there are two
Tolerance_values for this dimension. One Tolerance_value has a value of 2.1; the other has a value of 1.9. Both
Tolerance_values have a unit_of _measure of "meter".

4.2.71.1 unif-of _measure

The unit_ef>measure specifies the length units with which a Tolerance_value is to be expressgd.

4.2.71.2 value

The value specifies the quantity with which a Tolerance_value is to be expressed.
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4.2.72 Wireframe_representation

A Wireframe_representation is a type of Rrepresentation_element (see 4.2.57), that represents shape by
mathematically depicting a sketch of the edges of an item. This representation gives a general outline of the

shape of an object, but does not clarify either the exact outer or inner surface of an object or deli
shape portion of an object. In addition to representing aspects of shapes, the Wireframe

neate the solid
representation

inclides information on representing the orientation of objects.

4.2.73 Work_item

A Work_item is an object to which work has been assigned. A Work_item mayrbe '0ne of the
Item (see 4.2.27), an Item_definition (see 4.2.30), or a Part_process_plan (see¥4.2.45). The t
to which work may be assigned includes Part_process plans, Item_versions)and Item_definiti
asspciated with a Work_item is the following:

— applicable_standards;

—+ approval;

—+ completion_date_and_time;

+ order_date_and_time;

—+ preliminary_review_date_and_time;
+ priority;

+ start_date_and_time;

—+ work_description;

-+ work_requirements.
NOTES

1 - IDEF1X occasionally is incapable of modelling category relationships when the candidate gene
gne or mofe of its candidate category entities participate in circular relationships. The IDEF1X term
dategory-correspond to supertype and subtype in EXPRESS terminology. A Work_item is such a car
gntity.as depicted in the ARM diagrams. Therefore it is modelled agignvemich "is" zero or one of each
t

following: an
ypes of objects
bns. The data

ric entity and

s generic and
didate generic
of the

n added to the

hree entities which would have been its category entities. In addition, the note following has bee

ARM diagram to ensure that the Work_item is treated as a generic entity.

2 - An instance of Work_item participates in zero or one of its three non-identifying relationships at a time.

3 - The data work_item_identification has been removed and will be mapped to the attribute identifier when it is
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available in ISO 10303-41.
4.2.73.1 applicable_standards

SO

The applicable_standards specifies the callout of standards and specifications that must or should be used in
carrying out the work described by the Work_item. There may be more than one applicable_standards for a
Work item.

4.2

An

to indicate that the Work_item has met certain requirements from their perspectives: “There may

ong

4.2

Theg
to b

4.2

The

4.2

The

stafus of the work being conducted,

4.2

The

B

4.2

The

.73.2 approval

hpproval specifies all relevant signoffs and signoff dates by respective managementand tech
approval for a Work_item.

.73.3 completion_date _and_time

completion_date_and_time specifies the date and optionally the-time on which the Work_ite
e finished.

.73.4 order_date_and_time
order_date_and_time specifies the date and optionally the time the Work_item was creatg

.73.5 preliminary_review_date_and_time

preliminary_review_date_and_time-gpecifies the date and time that a review will be held tg

.73.6 priority

priority specifies how~much emphasis should be placed upon completing the Work_item.
EXAMPLE 38 - Typiglly, priority is simply stated as high, medium or low.

.73.7 staft_date_and time

startydate_and_time specifies the date that work is expected to commence.

hical personnel
be more than

m is expected

check on the

4.2.73.8 work_description

The work_description specifies a complete listing and definition of the work to be done.
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4.2.73.9 work_requirements

The work_requirements specifies resources needed to carry out the work as described. The work_requirements
need not be specified for a particular Work_item.

—d ()
rnails artd 1ddur.

A Work_order is a directive for work to be done. Each Work_order is either an External_order (see 4.2.19)
or an Internal_order (see 4.2.26). In addition, each Work_order is either a Change_order (3ee 4.2.3) or a
Stalrt_order (see 4.2.66). The work to be done includes part, die design andyprocess planning efforts. The
Wofk_order gives a description of the work to be done and requirements that'the resulting deliverables must
satisfy. The data associated with a Work_order are the following:
+ applicable_standards;

+ approval;

—+ completion_date_and_time;

+ order_date_and_time;

+ preliminary_review_date_and_time;

+ priority;

+ production_volume;

+ start_date_and_time;

+ work_descriptien;

+ work_order-number;

— work=requirements.

4.24.74.1 applicable_standards

The applicable_standards specifies the callout of standards and specifications that must or should be used in
carrying out the work described by the Work_order. There may be more than one applicable_standards for
a Work_order.
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4.2.74.2 approval

©I1SO

An approval specifies all relevant signoffs and signoff dates by respective management and technical personnel
to indicate that the Work_order has met certain requirements from their perspectives. There may be more than
one approval for a Work_order.

4.2

The

4.2

The

4.2

The

.74.3 completion_date _and_time

completion_date_and_time specifies the date on which the Work_order is expected.to be
.74.4 order_date_and_time

order_date_and_time specifies the date the Work_order was created!

.74.5 preliminary_review_date_and_time

preliminary_review_date_and_time specifies the date and-time that a review will be held tg

stafus of the work being conducted.

4.2
The
B
4.2

Theg
with

4.2

Theg
Thdg

4.2

.74.6 priority

priority specifies how much emphasis should:be placed upon completing the Work_order.
EXAMPLE 40 - Typially, priority is simply.stated as high, medium or low.

.74.7 production_volume

production_volume specifies:the intended gquantity of sheet metal parts whose production will
the Work_order.

.74.8 start_date_and_time

start_date @nd_time specifies the date and time that work is expected to commence on th
start_datedand_time need not be specified for a particular Work_order.

.74.9 work_description

finished.

check on the

be associated

e Work_order.

The work_description specifies a complete listing and definition of the work to be done. The work_description
need not be specified for a particular Work_order.
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4.2

The

4.2

.74.10 work_order_number

work_order_number specifies uniquely the Work_order.

.74.11 work_requirements

ISO 10303-207:1999(E)

The
nee

E
4.2

AW

enaple reference by a Work_order to other Work_orders. The data asseciated with a Work_ordé
escription.

isd

The

AW
The

The
par

4.2

AW

d not be specified for a particular Work_order.

work_requirements specifies resources needed to carry out the work as described. The wor

XAMPLE 41 - Work_requirements may describe requirederials and labor.
.75 Work_order_relationship

ork_order_relationship is a relationship between two Work_orders (see4.2.74). Work_order |

description specifies the nature of the Work_order_relatiopship.

XAMPLE 42 - Work_order_#ationships may model the<reguirement that work orders be able to b
ther work orders. For example, a project for the produgtion of a sheet metal part may be ordered

ne production process, designing the in-process shapes of the part, and designing the die shapes to
ne in-process shapes the part will assume duringproduction. Each of these three kinds of work may

rder issued for them. Work_order_relationship models the association of this master Work_order wi
rders covering each of these three portions of the overall project.

.76 Work order_responsibility

ork_order_responsibility is)the specification of the party responsible for carrying out a Wo
data associated with a-Work_order_responsibility is role.

role specifies thé.role played by the Work_order_responsibility. The role need not be s
icular Work_order_responsibility.

.77 Woaork request

ork ‘request is a solicitation for some type of sheet metal work to be done. Each Work_re

K_requirements

relationships
er_relationship

e issued for
by the issuance

f a master Work_order. Different kinds of work may:-be required by this master Work_order, such as planning

correspond with
have a Work_-
th the Work_-

k_order.

becified for a

juest is either

Ao roacuinat fenn 4 2 A\ ar A Start rorninct fenn 4 2 87\ Tha tvnn nf choant matal vwnrle +

acC

gt TCOqU T o (ot ) UIr oo tT_ T CQu T ot (oC T Z~-UT )~ T Ty P UT oTCT T TTIC T VW OTICC

hat may be done

includes part designs, die designs and process planning. The data associated with a Work_request are the
following:
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— date_and_time_of request;
— requestor;

— work_request_identification.

4.2.77.1 date_and _time_of request

Theg date_and_time_of request specifies the date and optionally the time, at which the \WWork_request was
creqted.

4.3.77.2 requestor

Thg requestor specifies the person and organization making or creating-the Work_request.
4.2.77.3 work_request_identification

Thg work_request_identification specifies uniquely a Work sreguest.

4.3 Application assertions

Thig subclause specifies the application assertigns for the sheet metal die planning and desjgn application
protocol. Application assertions specify the relationships between application objects, the carfinality of the

reldtionships, and the rules required for the.integrity and validity of the application objects anl UoFs. The
apglication assertions and their definitions ‘are given below.

4.3.1 Assembly_component’ relationship to Assembly component_relatipnship

Eagh Assembly_component_relationship substitutes for zero, one, or many Assembly_component_relationship
objects. Each Assembly.. component_relationship is substituted for by zero or one Assembly| component_-
relgtionship objects.

4.3.2 Assembly component_relationship to Shape definition

Eagh Assembly component_relationship has as the shape of the component in the assembly zero, one, or many
Shape _definition objects. Each Shape_definition describes the shape of zero or one Assembly component_-
relaItionship objects.

4.3.3 Change_order to Work_item

Each Change_order is based on zero, one, or many Work_item objects. Each Work_item is the subject of zero,
one, or many Change_order objects.
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Each Change_order results in zero, one, or many Work_item objects. Each Work_item is the resultant of zero,
one, or many Change_order objects.

EXAMPLE 43 - When the design of a sheet metal panel is analyzed, it is determined that theilinedel Whis
results in a change_request which, in turn, results in a change_order which, when carried out, results in a (revised)
work_item. The change_order “is based on” is the first work_item and “results in” is the (revised) work_item.
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.4 Coincidence_defaults to Shape_definition

h Coincidence_defaults provides default uncertainties for one or more Shape_definition g
pe_definition has as default uncertainties exactly one Coincidence_defaults object.

.5 Die_definition to Die_definition_constraint

h die_definition is constrained by zero, one, or many Die_definition_constraint objects.
hition_constraint constrains exactly one Die_definition object.

.6 Die_definition to Process_operation

h Die_definition defines the tools for zero, one, or.many Process_operation objects. E:

ration requires as tool the die defined by zero, one;,or many Die_definition objects.

.7 Die_shape_definition to Shapey;tolerance

h Die_shape_definition is associated~with zero, one, or many Shape_tolerance ol
pe_tolerance is called out in zerg; one, or many Die_shape_definition objects.

.8 Dimensional_representation to Dimension_tolerance_range

h Dimensional_representation may vary according to zero, one, or many Dimension_to
BCtS.

Dimensional_représentation objects.

4.3
o
"\

Eaq

.9 Dimension_tolerance_range to Tolerance_value

h-Dimension_tolerance_range has as upper limit zero or one Tolerance_value ol

Each ADimension_tolerance_range describes permissible variation of ong¢

bjects. Each

Each Die_-

hch Process_-

jects. Each

erance_range

Tol

Each Dimension_tolerance_range has as lower limit zero or one Tolerance_value objects.

rance value ic 1innar
Srace—ard

Llimit far one or manyvy Dimonsian talerance ranae aohiects
e-stHppe—HhRiHer-ohRe-o-MaRy-HReRSicoR—toeraicetahRge-0biects:

Tolerance_value is lower limit for one or many Dimension_tolerance_range objects.

. Or many
jects. Each
Each
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4.3.10 Feature to Feature property

Each Feature possesses zero, one, or many Feature_property objects. Each Feature_property belongs to
exactly one Feature object.

4.3.11 Eeature to thpn_dnfinifinn

Eagh Feature has shape defined by zero, one, or many Shape_definition objects. Each Shape_definition defines
the|shape of zero, one, or many Feature objects.

NOTES

1 - The Shape_definitions which define a Feature are subsets of the ShapeCdefinition which characterizes the
Ilfem_definition which includes that Feature.

4 - When the Shape_definition which defines a Feature would be the’ same as the Shape_dgfinition which
dharacterizes the Item_definition which has the Feature, the Featureg)is considered to have shape|defined by zero
$hape_definitions. This is to avoid redundant Shape_definitions:

.3.12 Feature_shape_definition to Shape_tolerance

Eag¢h Feature_shape_definition is associated witlhi~zero, one, or more Shape_tolerance ¢bjects. Each
Shgpe_tolerance is called out in zero, one, or more Feature_shape_definition objects.

4.3.13 Final_part_definition to Part_on_product

Eagh Final_part_definition defines the-RPart on zero, one, or many Part_on_product objects. Epach Part_on_-
profluct defines the Marketable_assembly context of exactly one Final_part_definition object.

4.3.14 Final_part_definition to Part_process_plan

Eagh Final_part_definition has manufacture defined by zero, one, or many Part_process_plan|objects. Each
Part_process_plandefines the manufacture of one or more Final_part_definition objects.

4.3.15 In-process_part_definition to Process_operation

Eagh In__process_part_definition is operated upon by one or more Process_operation objects. Each Process_-
operation operates upon one or more In_process_part_definition objects.
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4.3.16 Input_item_die_relationship to Shape_definition

ISO 10303-207:1999(E)

Each Input_item_die_relationship has input item position within the die described by zero, one, or many
Shape_definition objects. Each Shape_definition describes the input item position within the die of zero or one
Input_item_die_relationship objects.
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.17 Item to Item_classification

h ltem is classified by zero, one, or many Item_classification objects. Each Item_glassification classifies

or more Item objects.

.18 Item to Item_version

h Item is versioned by one or more Item_version objects. Each Iteém_version versions ex
Ct.

IOTE - Items which are not considered versionable have one Itery version, whose item_version_ig
ero.

.19 Item_classification to Item_classification_relationship

h ltem_classification is primary in zero, one, or many Item_classification_relationship objects.
sification_relationship has as primary exactly one Item_classification object.

h Item_classification is secondary in zero, one or many Iltem_classification_relationship o
h_classification_relationship has as(secondary exactly one Item_classification object.

.20 Item_definition towFeature

h Item_definition includes zero, one, or many Feature objects. Each Feature is included
n_definition object.

.21 Item _definition to Item_definition_relationship

h ltem_definition is first in zero, one, or many ltem_definition_relationship objects. Each Item,

relgtionship includes as first exactly one Item_definition object.

Actly one Item

lentification is

Each Item_-

bjects. Each

in exactly one

| definition_-

Ea(lh Itam dafinition—is cacand-in-zara ana —aor manv ltam daefinitionralatinonchin ohiacte
e ottt o o= Or—raty 1t e HtoT— - erettrior ot

ST TUT TTroT—OrcTy T y LB} TP UojCTtor

definition_rzzlationship includes as second exactly one Item_oTefinition o_bject.

ach Item_-
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4.3.22 ltem_definition to Shape_definition
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Each Item_definition has shape characterized by zero, one, or many Shape_definition objects. Each Shape_-
definition characterizes the shape of zero or one Iltem_definition objects.

4.3

23 ltem version to ltem definition

Ead
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Material_definition is the material specification for zero or one Part_definition objects.

N
N

4.3
o
"\

Eag

xactly one Item_version object.

.24 Marketable assembly to Part_on_product

h Marketable_assembly is the product for zero, one, or many Part_on™product objects. H
juct is founded on exactly one Marketable_assembly object.

.25 Material_shape_definition to Shape_tolerance

h Material_shape_definition is associated with zero, “one, or many Shape_tolerance d
pe_tolerance is called out in zero, one, or many Material_shape_definition objects.

.26 Mating_relationship to Shape_definition

h Mating_relationship has as the shape of the interface zero, one, or many Shape_definition
pe_definition describes the shape of zero or one Mating_relationship objects.

.27 Part_definition to Material_definition

h Part_definition has material specified by zero, one, or many Material_definition objg

IOTE - Only Part_defibitions which are also Designed_items are required to participate in this relg

.28 Part on_product to Part_on_product_location

h Rart_on_product is located at zero, one, or many Part_on_product_location objects. E

pro

jtct_location is the location of exactly one Part_on_product object.

4.3.29 Part_on_product to Production_effectivity

h Iltem_version is defined by one or more Item_definition objects. Each Iltem_definition is the definition

ach Part_on_-

bjects. Each

objects. Each

cts. Each

tionship with

faterial_definition_For Part_definitions which are External_item_references, this relationship is ¢ptional.

ach Part_on_-

Each Part_on_product has zero, one, or many Production_effectivity objects. Each Production_effectivity
applies to one or more Part_on_product objects.
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4.3.30 Part_process_plan to Part_process_plan

ISO 10303-207:1999(E)

Each Part_process_plan substitutes for zero, one, or many Part_process_plan objects. Each Part_process_plan
is substituted for by zero or one Part_process_plan objects.

4.3.31 Part process plan to Part process plan version relationship
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h Part_process_plan is the previous part process plan in zero, one, or more Part_process
tionship objects. Each Part_process_plan_version_relationship includes as previous exa
Cess_plan object.

h Part_process_plan is the next part process plan in zero, one, or more_Part_process |

ionship objects. Each Part_process_plan_version_relationship includes as riext exactly one
object.

.32 Part_process_plan to Plant_constraint

h Part_process_plan is constrained by zero, one, or many,Rlant_constraint objects. Each F
Strains one or more Part_process_plan objects.

.33 Part_process_plan to Process_operation

art of exactly one Part_process_plan object.

.34 Part_process_plan_template to Part_process_plan

h Part_process_plan_template is the template for one or many Part_process_plan object
Cess_plan has as a template zero or one Part_process_plan_template objects.

.35 Part_shape “definition to Shape_tolerance

h Part_shapée-definition is associated with zero, one, or many Shape_tolerance o
pe_tolerance is called out in zero, one, or many Part_shape_definition objects.

.36 \Press_definition to Press_definition

| plan_version_-
ctly one Part_-

| plan_version_-
Part_process_-

Plant_constraint

h Part_process_plan defines a series of one’or more Process_operation objects. Each Prlocess_operation

s. Each Part_-

bjects. Each

Each Press_definition is alternate for for zero, one or many Press_definition objects. Each Press_definition
serves alternately for zero or one Press_definition objects.
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4.3.37 Press_definition to Process_operation

Each Press_definition defines a press used for one or more Process_operation objects. Each Process_operation
uses a press defined by zero or one Press_definition objects.

4.3.38 Process operation to Process _operation

Eagh Process_operation is alternate for zero, one, or more Process_operation objects. Each-Process_operation
seryes alternately for zero or one Process_operation objects.

4.3.39 Process_operation to Scrap_definition

Eagh Process_operation produces zero, one, or many Scrap_definition ebjects. Each Scrap_definition is
profluced by exactly one Process_operation object.

Eagh Process_operation uses zero, one, or many Scrap_definition-objects. Each Scrap_defirfition is used by
exalctly one Process_operation object.

4.

(l’

40 Representation_element to Shape_definition

Eagh Representation_element represents zero, one,»0r many Shape_definition objects. Each Shape_definition
is r¢épresented by zero, one, or many Representation_element objects.

4.3.41 Shape_definition to Shape; definition_relationship

Eagh Shape_definition is primary in zerg; one, or many Shape_definition_relationship objects. Each Shape_-
defipition_relationship includes as.primary exactly one Shape_definition object.

Eagh Shape_definition is secondary in zero, one, or many Shape_definition_relationship objects. [Each Shape_-
defipition_relationship includes as secondary exactly one Shape_definition object.

4.3.42 Specified, material_relationship to Specified_material_relationship

Eagh Specified~material_relationship substitutes for zero, one, or many Specified_materia|_relationship
objects. Each/Specified_material_relationship is substituted for by zero or one Specified_materigl_relationship
objects.

4.3743 Tolerance_bound o Shape_tolerance

Each Tolerance_bound bounds one or many Shape_tolerance objects. Each Shape_tolerance is bounded by
zero, one, or many Tolerance_bound objects.
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4.3.44 Work_item to Start_order

Each Work_item is modified or initiated by zero, one, or many Start_order objects. Each Start_order modifies
or initiates one or more Work_item objects.

4345 \l\/nrl(_nrrlnr to \A/nrl(_nrrlnr_rplnfinnchip

Eagh Work_order is primary in zero, one, or many Work_order_relationship objects. Each Work_order_-
relgtionship includes as primary exactly one Work_order object.

Eagh Work_order is secondary in zero, one, or many Work_order_relationship objects. Each Work_order_-
relgtionship includes as secondary exactly one Work_order object.

4.3.46 Work order_responsibility to Work _order

Eag¢h Work_order_responsibility is responsible for one or more Work_order objects. Each Work_order is
carfied out by zero, one, or many Work_order_responsibility objects.

4.3.47 Work_request to Work_order

Eagh Work_request results in zero, one or many Werk' order objects. Each Work_order results from zero or
ong Work_request objects.
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5

Application interpreted model

5.1 Mapping table

SO

This clause contains the mapping table that shows how each UoF and application object of this part of ISO

10

Thg mapping table is organized in five columns. The contents of these five columns are;

Column 1) Application element: Name of an application element as it appears in.the appli
nition in 4.2. Application object names are written in uppercase. Attribute names ‘and assertjons are listed
aftgr the application object to which they belong and are written in lower case;

defi

Co

'IDENTICAL MAPPING', or the term 'PATH'. AIM entities are writter-in fower case. Attribute
AIM entities are referred to as <entity nhame>.<attribute name>. Thé& nmapping of an application
resiilt in several related AIM elements. Each of these AIM elements requires a line of its own in t
term 'IDENTICAL MAPPING' indicates that both application,objects of an application assertior
same AIM element. The term 'PATH' indicates that the application assertion maps to the entire 1

Column 3) Source: For those AIM elements that areinterpreted from the integrated resourg
number of the corresponding part of 1I30B03. For those AIM elements that are created for the
this|part of ISO 10303, this is the number of this-part.

The following AIC references, as defined within annex F, are used within this part of ISO 1030
a) 501 : aic- edge_based wireframe
) 502 ~aic_shell_based_wireframe
¢) 507 : aic_geometrically_bounded_surface
ad) 509 : aic_manifold_surface
€)c-510 : aic_geometrically_bounded_wireframe

68

03 (see clause 4) mans to one or mare AIM resource constricts (cnn annex A)
{ & v st t t &

Ilumn 2) AIM element: Name of an AIM element as it appears inthe AIM (see annex A

INOTE 1- Entities or types that are defined within the integrated resources have an AIC
fleference if the use of the entity or, type for the mapping is within the scope of the AIC.

Cation object

\), the term
names of
element may
ne table. The
map to the
eference path.

es, this is the
burpose of

s the source
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f) 512 : aic_faceted_brep
g 514 : aic_advanced_brep
h) 515 > aic_csg

Colimn 4) Rules: One or more numbers may be given that refer to rules that apply to the current AIM element

or reference path. For rules that are derived from relationships between application objects) the same rule is
refgrred to by the mapping entries of all the involved AIM elements. The expanded names ©f the fules are listed
aftgr the table.

Column 5) Reference path: To describe fully the mapping of an application object, it may be|necessary to
spegify a reference path through several related AIM elements. The reference path column docyiments the role
of gn AIM element relative to the AIM element in the row succeeding it. “Two or more such related AIM
elements define the interpretation of the integrated resources that satisfies the requirement specified by the
application object. For each AIM element that has been created for-use within this part of |[SO 10303, a
refgrence path up to its supertype from an integrated resource is Specified.

For[the expression of reference paths and the relationships/between AIM elements the following notational
conjentions apply:

) [] : multiple AIM elements or sections of the reference path are required to satisfy ar information
requirement;

D) () : multiple AIM elements or seetions of the reference path are identified as alternatives within
the mapping to satisfy aninformation requirement;

¢){} : enclosed section constrains the reference path to satisfy an information requirement;
q) -> : attribute references the entity or select type given in the following row;

¢) <- . entity or_select type is referenced by the attribute in the following row;

M [i] : attribate is an aggregation of which a single member is given in the following row;

@) [n] : attribute is an aggregation of which member n is given in the following row;

T) =5 . entity is a supertype of the entity given in the following row;

i) <= : entity is a subtype of the entity given in the following row;

j) = :the string, select, or enumeration type is constrained to a choice or value;

K)\ : the line continuations for strings that wrap.
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The following rules are referenced in the preceding tables:

1) approval_requires_approval_date_time

2) Jppr Uvai_l cquil cS_appt uvai_pcl SOr_orgat NZzation

3) dardinality_action_method_to_process_plan

4) dardinality_product_definition_process_to_action_resource_requirement
5) dardinality_sm_action_assignment_to_process_plan

6) dardinality_sm_action_assignment_to_product_definition

7) dardinality_sm_action_assignment_to_product_definition_formation
8) dardinality_sm_organization_assignment_to_work_order

9) dardinality_start_order_to_sm_action_assignment
10)|cardinality_work_order_to_sm_contract_assig_or_sm_org_assig
11)[executed_action_requires_approval
12)[executed_action_requires_date_or_date_and_time
13)[executed_action_requires_organization

14)|global_uncertainty _assigned_context_constraint
15)[process_plan_requires_product_definition
16)[product_definition_formation_requires_date_or_date-and_time
17)|product_definition_formation_requires_product. definition
18)[product_requires_product_definition_formation
19)[product_requires_product_type

20)|restrict_assembly _component_usage_substitute
21)|restrict_date_role

22)|restrict_date_time_role

23)|restrict_organization_role
24)|restrict_person_and_organization_role
25)|restrict_person_role

26)|restrict_product_definition~ context
27)|restrict_quantified_assembly _component_usage
28)|same_type_for_relationships
29)|subtype_mandatory_for_shape_representation
30)|subtype_mandatory_work_order
31)|work_reguest_requires_date _or_date_and_time
32)|work_¢equest_requires_person

5.4 ‘AIM EXPRESS short listing

This clause specifies the EXPRESS schema that uses elements from the integrated resources and the AICs and
contains the types, entity specializations, rules, and functions that are specific to this part of ISO 10303. This
clause also specifies modifications to the textual material for constructs that are imported from the integrated
resources and the AICs. The definitions and EXPRESS provided in the integrated resources for constructs
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used in the AIM may include select list items and subtypes which are not imported into the AIM. Requirements
stated in the integrated resources which refer to such items and subtypes apply exclusively to those items which
are imported into the AIM.

*

SCHEMA sheet metal,

FROM aic_advanced_brep;

FROM aic_csg;

FROM aic_edge based_wireframe;

FROM aic_faceted_brep;

FROM aic_geometrically_bounded_surface;
FROM aic_geometrically_bounded_wireframe;
FROM aic_manifold_surface;

FROM aic_shell based wireframe;

FROM application_context_schema

pplication_context,
pplication_protocol_definition,

usS

product_related_product_category,
product_category_relationship,

product_definition,

product_definition_effectivity,

product _definition_formation;
product_definition_formation-with_specified_source,
product_definition_relationship,
product_definition_substitute,
product_definition with’ associated_documents);

usS

USHE FROM-product_property _representation_schema
hapé&>definition_representation,
shape, representation,

shape representation relationship);

USE FROM management_resources_schema
(action_assignment,
approval_assignment,
contract_assignment,
date_assignment,
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date_and_time_assignment,
document_reference,
organization_assignment,
person_and_organization_assignment,
person_assignment,
security_classification_assignment);

©I1SO

USHE FROM action_schema
ction,

ction_method,
ction_relationship,
ction_request_solution,
ction_resource_relationship,
irected_action,
xecuted_action,
ersioned_action_request);

USE FROM approval_schema
pproval,
pproval_date_time,
pproval_person_organization);

USHKE FROM contract_schema
ontract);

USE FROM person_organization_schema
rganization_role,
erson_and_organization_role,
erson_role);

USHKE FROM date_time_schema
lcalendar_date,
date_role,
date_time_role,
ordinal_date,
Wweek of year _and_day_date);

USE FROM effectivity_schema,
|[dated_effectivity,
gerial_numbered_effectivity);

USHK FROM support_resource_schema;

USE FROM measure’ schema
lcontext_dependent_unit,
¢onversionmbased_unit,
derived<unit,
Ilengthtmeasure_with_unit,
Iength, unit,

plane angle measure with unit,

plane_angle_unit,
si_unit);

USE FROM geometry_schema

(direction,
surface);
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USE FROM topology _schema
(face_surface);

USE FROM geometric_model_schema
(geometric_set);

ISO 10303-207:1999(E)

usS

epresentation_relationship_with_transformation);

USE FROM product_structure_schema

ssembly _component_usage_substitute,
ake from_usage_option_group,

FROM product_concept_schema;

FROM configuration_management_schema
onfiguration_design);

FROM material_property definition_schema

usS

usS

imensional_characteristic_representation,
imensional_location_with_path,
imensional_size,
shape_dimension_representation);

usS

us
(action>method_with_associated _documents,
gequential_method);

USE FROM process_property_representation_schema
(action_property_representation,
resource_property_representation);

USE FROM process_property_schema
(action_resource_requirement,
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action_resource_requirement_relationship,
process_product_association,
product_definition_process,
replacement_relationship,
requirement_for_action_resource);

(*
NOTES

- The schemas referenced above may be found in the following parts of ISO 10303:

application_context_schema ISO 10303-41
product_definition_schema ISO 10303-41
product_property_definition_schema 1SO 10303-41
product_property_representation_schema ISO 10303-41
anagement_resources_schema ISO 10303-41
action_schema ISO 10303-41
approval_schema ISO 10303-41

¢ontract_schema ISO 10303-41
person_organization_schema ISO 10303-41
date_time_schema ISO 10303-41

effectivity_schema ISO 10303;41
gupport_resource_schema ISO 10303-41
easure_schema 1IS@10303-41
geometry _schema ISO 10303-42
jopology_schema [S@0303-42
geometric_model_schema ISO 10303-42
epresentation_schema ISO 10303-43

product_structure_schema ISO 10303-44
product_concept_schema ISO 10303-44
¢onfiguration_management<schema ISO 10303-44

aterial_property definition) schema 1SO/DIS 10303-4%:—

qualified_measure_schema ISO/DIS 10303-4%:—
shape_dimension_schema ISO/DIS 10303-47:
shape_toleranceCschema ISO/DIS 10303-47:
ethod_definition_schema ISO/DI®303-49:—Y
process_property_representation_schema ISO/DIS 10303*49:—
process.property _schema ISO/DIS 10303-49:—
aic_edge based_wireframe Annex F
aicshell_based_wireframe Annex F

aic:manifold_sun%ce Annex F
aic_geometrically_bounded_wireframe Annex F

Y To be published.
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aic_faceted brep Annex F
aic_advanced_brep Annex F
aic_csg Annex F

2 - aic_advanced_brep and aic_manifold_surface use the following additional schema:

ellic_topology_bounded_surface Annex F

Iic_faceted_brep Annex F

ic_advanced_brep Annex F

5.4.1 Fundamental concepts and assumptions

Thg ARM is detailed in clause 4. A number of entities in the ARM@re optional, but are mappe
declarations attributes in the AIM. These AIM attributes may bg instantiated as a blank if thei

STH

5.4

5.4

5.4

An
take
exe

EXH

3 - aic_csg uses the following schemas:

RING; or a zero (0) if their base type is INTEGER or NOUMBER or REAL.

.2 Sheet metal types

.2.1 Sheet metal type definitions

.2.1.1 action_assigned_item

hction_assigned_itenis the particular piece of product data upon whichaion has been, is or
n. The types of product datato whickaation may be associated shall be at least one of the
cuted_action process_planproduct_definition, andproduct_definition_formation.

PRESS specification

*)
TYH
(e
pr
pr
pr
ENI

E action_assigned_item = SELECT
ecuted_action;,

pcess_plan)

pduct_definition,
pduct\definition_formation);

d to required
base type is

Will be
following:

D TYPE;

(*

5.2.2.1.2 approval_assigned_item

An approval_assigned_itemis the product data to whi@pproval information is assigned. The types of
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product data that may haapproval information assigned shall be at least one of the folloveirgcuted_ -
action, process_plan product_definition, product_definition_formation, and sheet_metal_action_-
assignment

EXPRESS specification

*

TYIPE approval_assigned_item = SELECT
(executed_action,

process_plan,

product_definition,

product_definition_formation,

sheet_metal_action_assignment);

END_TYPE;

(*
5.4.2.1.3 contract_assigned_item
A contract_assigned_itenis the particular piece of product data) that has associamgct information.

The types of product data that may have associated centractual information shall be at lepst one of the

follgwing: change_order executed_action product_definition_formation_with_specified_source|and
stant_order.

EXIPRESS specification

*

TYRE contract_assigned_item = SELECT
(change_order,
eqecuted_action,

prpduct_definition_formation_with_specified_source,
start_order);

END_TYPE;

(*
5.4.2.1.4 date ,assigned_item
A date_assigned<itenis the product data that has associdsdinformation. The types of product data that
may have assaciatedte information shall be at least one of the followiagecuted_action process_plan

progluct_concept product_definition, product_definition_formation, versioned_action_requestor sheet_-
me[lal_action_assig nment

EXPRESS specification

*

TYPE date_assigned_item = SELECT
(executed_action,
process_plan,
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(*
5

A

typ
follg
defi

EXH

product_concept,
product_definition,
product_definition_formation,
sheet_metal_action_assignment,
versioned_action_request);
END_TYPE;

ISO 10303-207:1999(E)

Is
4

d

.2.1.5 date_and_time_assigned_item

pte _and_time_assigned_iteris the product data that has associatgd and_timejnformation.
ps of product data that may have associdédd and_time information shall be.at least ong
wing: executed_action  process_plan product_concept product_definition, produ
hition_formation, versioned_action_requestor sheet_metal_action_assigoment

PRESS specification

*

TYH
(e

ENI

(*
5

A

dat
exe

E

pr
pr
pr
pr
sh
Ve

Is
4

d

X

E date_and_time_assigned_item = SELECT
ecuted_action,

pcess_plan,

pduct_concept,

pduct_definition,

pduct_definition_formation,
eet_metal_action_assignment,
rsioned_action_request);

D TYPE;

.2.1.6 document_referenced item
pcument_referenced_items théproduct data that makes reference tmeument The types of pi
b that may reference a document shall be at least one of the follastiog: resource_requirem
cuted_action process ‘plan product_definition, or sheet_metal_action_assignment

PRESS specification

)

TYH
(ac

(S
P
P

E document_ referenced_item = SELECT
tion_resQurce_requirement,

ecuted action,

pcesSs’ plan,

pduct _definition,

The
b of the
ct_-

oduct
bt

st

eetmetat_action_asSigrent);

END_TYPE;

(*

5.2.2.1.7 organization_assigned_item
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An organization_assigned_itenis the product data that has associated information abauganization.
The types have product data that may have assocajadization information shall be at least one of the

follo

EXIPRESS specification

wing: change_order contract, executed_actionproduct_definition, andstart_order.

*

TYH
(ch
cd
e

prpduct_definition,
start_order);
END_TYPE;

(*
5.4

ApQ

person_and_organization The types of product data thatimay have assogiersdn_and_organiz

info

EXIPRESS specification

E organization_assigned_item = SELECT
ange_order,

ntract,

ecuted_action,

.2.1.8 person_and_organization_assigned_item
erson_and_organization_assigned_itens the product datathat has associated informatig

rmation shall be at least one of the followingange_order process_plan andproduct_definitio

*

TYH
(ch

prpcess_plan,
prpduct_definition);
END_TYPE;

(*
5.4

A person_assignedcitenis the product data that has associated information alpgmrsan The typ
profuct data thatunay have associgietson_and_organizationinformation shall be at least ong

follg

EXH

E person_and_organization_assigned_item= SELECT
ange_order,

.2.1.9 person_assigned_item

wing: change:_order contract, product_definition, versioned_action_requestandshape_aspe

PRESS specification

*

n about a
ation
n.

es of
b of the
ct

TYPE person_assigned_item = SELECT
(change_order,
contract,
product_definition,
shape_aspect,
versioned_action_request);
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END_TYPE;

(*

5.2.2.1.10 security classification_assigned_item

info

at 16

EXH

past one of the followingroduct_definition or process_plan

PRESS specification

)
TYH

ENI
(*

5.4

5.4

The

E security classification_assigned_item = SELECT

(p;rcess_plan,
"

oduct_definition);
D_TYPE;

.2.2 Die planning and design imported type modifications

.2.2.1 characterized_definition

base definition of the typeharacterized_definition is given in ISO 10303-41. The fo

modlifications apply to this part of ISO 10303.

The

5.4

The
tot

The

par
hav

5.4

select list has been pruned. The list etfigracterized_objecthas been removed.

.2.2.2 measure_value

base definition of the typmeasure_values given in ISO 10303-41 The following modificatior]
nis part of ISO 10303.

select list has beenpruned. All list entries exceptdent_measure, length_measure, mass_m

hmeter_value,«plane_angle_measure, positive_length_measuamdpositive_plane_angle_me
e been removed.

.3 Sheet _metal entities

ISO 10303-207:1999(E)

jeation

all be

lowing

s apply

easure,
asure

5.26ﬂ.—3heet—mefal—eﬂfﬁy—de. : ) finittons

5.2.3.1.1 change_order

A change_orderis the formal notification that authority has been given to perforacaon. This is the
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same as work_order except that the/ork_order is for changing something for which a prior version exists.

EXPRESS specification

*

EN

SUBTYPE OF (work_order);
END_ENTITY;

(*

5.4.3.1.2 die_definition_constraint_relationship

A dje_definition_constraint_relationship relates the design of a die to a description of the items
congtraints upon the design of the die. Tiés definition_constraint_relationship'specifically points 9
desjgns of dies that meet or incorporate defined constraints.

EXIPRESS specification

[ITY change_ order

)

ENTITY die_definition_constraint_relationship
SUBTYPE OF (product_definition_relationship);
WHERE

W

W

W

END_ENTITY;

Formal propositions

felated_product_definition.frame_of reference.
life_cycle_stage = 'as design constrained’;

R1: SELF\product_definition_relationship.

R2: product_type_ of product
SELF.relating_product_definition.formation.of product, product_type)
name IN [dieT;

R3: product_type of product
SELF.related_product_definition.fofmation.of_product, product_type)
name IN [dieT;

WR1: Thedie_definition:_constraint_relationship.related_product_definitionrepresents the descrij
constrains of-a.die and thus shall have the definitional viewpoint of "as design constrained’|.

the

that place
ut the

ption of

WRZ2: For each instance of thaie_definition_constraint_relationship entity, theproduct_type of thedie_

defipition;:constraint_relationship.relating_product_definition shall be "die".

definition_constraint_relationshﬁ).reIated:product_dgfinition shall be "die".
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5.2.3.1.3 input_item_die_relationship

ISO 10303-207:1999(E)

An input_item_die_relationship relates the description of a part or material to a description of a die. The
relationship specifically describes how a part or material is placed within a die for the purpose of processing

the

part or material in a product stamping operation.

EXH

PRESS specification

)
ENT
sy
WH
W

\W
ENI
(*

Attr

Jhame ='die’;

[ITY input_item_die_relationship

BTYPE OF (product_definition_relationship);

FRE

R1: product_type of product
SELF.relating_product_definition.formation.of product, product_type)

R2: product_type of product

SELF.related_product_definition.formation.of _product, product_type)
.name IN ['material’, 'part];

D _ENTITY;

bute definitions

SE

SE

For

| F.relating_product_definition: the design or description of a die.
| F.related_product_definition: the design ordescription of a part or material.

mal propositions

WR
die]

WR
die]

5.2

1: For each instance of thiaput,_item_die_relationship entity, theproduct_type of theinput_ite
 relationship.relating_product:definition shall be "die".

2: For each instance-of‘thieput_item_die_relationship entity, theproduct_type of theinput_ite
 relationship.related-product_definitionshall be either "part” or "material”.

.3.1.4 physically_modelled_product_definition

m -

m -

ADp
mo
mo

hysically.wnodelled_product_definitionis the design or description of a product in terms off

a "hard"

odel

el as\opposed to an electronic model. "Hard" models are things such as wood models, pIas;Fr models, clay

els,and other such models of a product. phigsically_modelled_product_definitionis the "hard"

des

Cription of & product:
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EXPRESS specification

*

ENTITY physically_modelled_product_definition
SUBTYPE OF (product_definition);

©I1SO

WHERE

WR+-SHE-Rproduci—definitor-frame—of—reference:

life_cycle_stage = 'as physically modelled’;

WIR2: SIZEOF( USEDIN (SELF, 'SHEET_METAL." +
'PRODUCT_DEFINITION_RELATIONSHIP." +
'RELATED_PRODUCT_DEFINITIONY)) > 0;

END_ENTITY;
(*
Formal propositions

WR
phy,

WR
pro

5.4

Ap
cas
pro
for

or g

EXH

1: Thephysically_modelled_product_definitionshall be defined from/the’life cycle point of vie
sically modelled".

2: Thephysically_modelled_product_definitionshall be related to another design or descript
Huct.

.3.1.5 process_plan

focess_planis the description of a manufacturing:process for producing a discrete sheet meta
e a discrete sheet metal part is a productinade of sheet metal that is not the result of an g
cess. The sheet metal part produced:by the described manufacturing process can be ong
Ise in an assemblage of parts or one-that will be further refined in a subsequent set of proces
lter sheet metal material.

PRESS specification

)
ENT

Sy
ENI

(*

Asg

[ITY process_plan
BTYPE OF (action),
D_ENTITY;

ociated.global rules

The

follewing global rules are associated with this entity and restrict its use or its relationshif

v of "as

on of the

part. In this

ssembly type of
that is intended
5es that remove

DS with other

enti

les:

cardinality_action_method_to_process_plan The cardinality_action_method_to_process_planrule
specifies thaaction_methods with name attributes equal to “part porcess plan template” shall be referenced
by at least onprocess_plan This rule enforces the ARM requirement for part_process_plan_templates to
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be used by no fewer than goert_process_plan

cardinality_sm_action_assignment_to_process_plafhecardinality_sm_action_assignment_to_process_-

plan rule specifies that sheet _metal_action_assignmersthall correspond to no more than pnecess_plan

through its items attribute. This rule enforces the requirement in the ARM that a work_item be a supertype
of gpartprocess_plarm, and therefore associated wittronty zero or one of thermmat a time:

progess_plan_requires_product_definition Theprocess_plan_requires_product_definitiorrule-spegifies
thaf each instance offmocess_planshall be related to exactly one instance ofptfoeluct_definition entity
tha{ describes the sheet metal part that the manufacturing process produces.

5.4.3.1.6 product_type
A product_type is aproduct_related product_categorythat categorizes grodict as being a "part",|"die",

"m4terial" or an "unspecified" item. Tlpeoduct type is used to categorize all product items wjithin the
donpain of this part of ISO 10303.

EXIPRESS specification

*

ENTITY product_type

SUBTYPE OF (product_related_product_category);
WHERE

WR1: SIZEOF (USEDIN (SELF,'SHEET_METAL.PRODUCT_CATEGORY_RELATIONSHIP.
+ 'RELATING_PRODUCT_CATEGORY ') #+USEDIN (SELF,
'SHEET_METAL.PRODUCT_CATEGORY_RELATIONSHIP.' +
'RELATED_PRODUCT_CATEGORY\)) = 0;

WR2: SELF.name IN [ 'die', 'part’, 'material’, ‘unspecified?;
END_ENTITY;

Formal propositions

WR1: A product_type.is-used to classify the base types of products in this part of ISO 10303 gnd shall not
be instantiated withinjaroduct_category_relationshipentity.

WR2: The allowableproduct_category.name for a product_type are "part”, "die", "materiall' and

"ungpecified™
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Associated global rules

ISO

The following global rules are associated with this entity and restrict its use or its relationships with other

entities:

ance of
es the

idd_ -

_Usage

Il be of the same base product type.

restrict_die_definition_constraint_relationship: Therestrict_die_definition/constraint_relationship
constrains each instance of ttlie_definition_constraint_relationshipyentity such that botiprodul
defipitions referenced in each of the instances are for a "die" pfaduct.

restrict_input_item_die_relationship: Therestrict_input_item :die_relationship rule constrains thieap
itenp_die_relationship.relating_product_definition describes a "die" product while thmput_item_d
relgtionship.related_product_definition describes a "part" or "material” product.

rule
ct_-

it -
o

restrict_quantified_assembly _component_usagéherestrict_quantified_assembly _component_usageile

sperifies that thproducts that are related by eaghantified_assembly _component_usagentity shall
corfespond to the same type of product;

same_type_for_relationshipsThesame_type_for_relationshipsule specifies that theroducts thg
related by eacproduct_definition_relationship entity representing a mating or symmetrical relation
each correspond to the same type of product.

4.3.1.7 sequenced_product_definition_relationship

equenced_product_definition_relationshiprelates twoproduct_definitions representing pric
ltant definitions in the context of an exchange. @oeduct_definition exists prior to the exchang
othempreduct_definition is the resultant form of the priproduct_definition after it has been exch

each

t are
5hip shall

r and
je of it.
anged.

reside in a

d transmitted

to a different location where it resides in a f|Ie on a hard drive. A sequenced product_definition reIatlonsh|p may
be used to show the relationship between these two product_definitions, that are not identical to each other.

EXPRESS specification
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*

ENTITY sequenced_product_definition_relationship
SUBTYPE OF (product_definition_relationship);
WHERE
WR1: ((SHEET_METAL." +

'PRODUCT_DEFINITION_WITH_ASSOCIATED_DOCUMENTS') IN (TYPEOF (
SELF\product_definition_relationship.

ISO 10303-207:1999(E)

ENI
(*

Attr

relating_product_definition) AND (SHEET_METAL. +
'PRODUCT_DEFINITION_WITH_ASSOCIATED_DOCUMENTS")) IN TYPEOF (
SELF\product_definition_relationship.related_product_definition);

D _ENTITY;

bute definitions

SE
des

SE
exc

For

| F\product_definition_relationship.relating_product_definition: the product_definition that i
gn organization's definition and identification of the product.

| F\product_definition_relationship.related_product_definition; the product_definition that ig

hanged definition and identification of the product.

mal propositions

WR
hav

5.7
As
acti

dat

EXH

1: Theproduct_definitions referenced by theequenced_product_definition_relationshigentity
e associated documentation.

.3.1.8 sheet_metal action_assignment

heet_metal_action_assignmeris anrassociation of attion with product data. The associati
pn with product data indicates.a“process that has been or will be carried out with respect
.

PRESS specification

*)
ENT
Sy
ite
WH
W

ENI

[ITY sheet_metal action_assignment

BTYPE OF (aetion_assignment);

ms : SET [1:2} OF action_assigned_item;

FRE

R1: 'SHEET METAL.EXECUTED_ACTION' IN
TYPEOF (SELF\action_assignment.assigned_action);
D ENTITY;

(*

5 the

5 the

shall

bn of an
o the product

Attr

ibute definitions

items: a set ofaction_assigned_iters that identify the particular pieces of product data to whichdtien

is a

ssociated.
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Formal propositions

©I1SO

WR1: The type ofaction assigned by theheet_metal_action_assignmer#thall be arexecuted_actiorto

indicate that the only types of actions associated with product data are those that have been or
carried out.

actually will be

Asdociated global rule

Thgq following global rule is associated with this entity and restrict its use or its relationships with g
cardlinality_sm_action_assignment_to_process_plamhecardinality_sm_action_assignment_to_proq
plan rule specifies that sheet_metal_action_assignmerghall correspond to no more-than pnecess |
thrqugh its items attribute. This rule enforces the requirement in the ARM\that a work_item be
of g part_process_plan, and therefore associated with only zero or ong of them at a time.

cardlinality_sm_action_assignment_to_product_definition Thecardinality_sm_action_assignment
progluct_definition rule specifies that sheet _metal_action_assignmershall correspond to no more t
profuct_definition through its items attribute. This rule enferces the requirement in the Al
worK_item be a supertype of an item_definition, and therefore associated with only zero or on
time.

carglinality_sm_action_assignment_to_product_definition_formation The cardinality_sm_acti
assignment_to_product_definition_formationrul@ specifies that aheet_metal_action_assignmen
corfiespond to no more than gmweduct_definition formation through its items attribute. This rule
the requirement in the ARM that a work_item-be a supertype of an item_version, and therefore a
zero or one of them at a time.

Thgcardinality_start_order_to_sm_action_assignmentule specifies that astart_order shall corres
to no fewer than oneheet_metal~action_assignmetitrough its assigned_action attribute. This rule
therequirement in the ARM_that a work_order has one or more work_items.

progess_plan_require$. product_definition Theprocess_plan_requires_product_definitiorrule spe)
thaf each instanceofpaiocess_planshall be related to exactly one instance ofptteeluct_definition e
by means of aheet_metal_action_assignmentThis rule enforces the requirement that gaolcess |
be {he process'‘for manufacturing exactly jprasluct.

5.4.371!9 sheet_metal _approval assignment

ther entities:

ess_-
plan
P a supertype

| to_-

han one

RM that a

b of them at a

bn_-
thall

nforces
ssociated with

spond
enforces

cifies
ntity
plan

A sheet_metal_approval_assignmerassociates aspproval to product data. This association points out

what type of approval has been given to product data.
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EXPRESS specification

*

ENTITY sheet_metal _approval_assignment
SUBTYPE OF (approval_assignment);
items : SET [1:?] OF approval_assigned_item;

EN
(*

Attr

AL

ISO 10303-207:1999(E)

PN,

bute definitions

iten
info

Asg

rmation associated.

ociated global rules

Thq
enti

exel
inst
the
an

5.4

As
tha

EXH

following global rules are associated with this entity and restrict its use or its relationshif
ties:

cuted_action_requires_approval The executed_action_.requires_approvarule specifies tha
ance of aexecuted_actiorshall be related to one or more instances ofipeoval entity by mea

Sheet_metal_approval_assignmemntity. This rule specifies the need for evexgcuted_actiorto
hssociated approval of approval or approvals.

.3.1.10 sheet_metal contract_assignment

neet_metal_contract_assignmentlates aontract to product data. This relationship outlineg
acontract plays with respect to(product data.

PRESS specification

[ITY sheet_metal_centract_assignment
BTYPE OF (contract“assignment);

ms : SET [1:?] ©F-contract_assigned_item;
D _ENTITY;

butedefinitions

Ns: a set ofapproval_assigned_itera that identify the pieces of product data that‘may bapepval

DS with other

each
NS of
have

the role
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Associated global rule

The following global rule is associated with this entity and restricts its use or its relationships with other
entities:

congract_assigned_itenor anorganization_assigned_item This rule enforces the requirement for every
work_order to be external, which is equivalent to it being the subjectsbeat _metal _contract_assigriment
or imternal, which is equivalent to it being the subject sifieet_metal_organization_asSighment

5.4.3.1.11 sheet_metal date and_time_assignment
A gheet_metal_date_and_time_assignmemelatesdate_and_time information to product data| The

assjgnment of date_and_timeto product data are an indication of wher something occurred of will occur
relgtive to the specific piece or pieces of product data.

EXIPRESS specification

*

ENTITY sheet_metal date_and_time_assignment

SUBTYPE OF (date_and_time_assignment);

items : SET [1:?] OF date_and_time_assigned_item;
WHERE

WIR1: sheet_metal_date_correlation (SELF);
END_ENTITY;

(*

Attribute definitions

itenps: a set oflate_and_time_.assigned_itemthat identify the particular pieces of product data to which the
date¢ is assigned.

Formal propositions

WR1: Thesheetimetal date_correlatiorfunction, that correlates the roles that dates may play [relative to
the various.types of product data, shall be satisfied.

Asdogciated global rules

The following global rules are associated with this entity and restrict its use or its relationships with other
entities:

executed_action_requires_date_or_date_and_tim&heexecuted_action_requires_date_or_date_and_-

178


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO ISO 10303-207:1999(E)

time rule specifies that each instanceerécuted_actiorshall be related to exactly one instance ofite
entity by means of theheet_metal_date_assignmermntity, or exactly one instance of tthete _and_time
entity by means of theheet_metal_date_and_time_assignmeattity. This rule specifies the need for every
executed_actiorto have exactly one associated date, and optionally exactly one associated time.
product deflnltlon formatlon reqwres date or_date_ and _time The product deflnltlon formatlon -
' f ' : ' shall
y, or
nment
ociated

worK_request_requires_date_or_date_and_timeThework_request_requires_ date_or_date_and| time

rulg specifies that each instancevefsioned_action_requesshall be related to.exactly one instange of the
date entity by means of thesheet metal_date_assignmenentity, or.‘exactly one instance |of the
dat¢_and_timeentity by means of theheet_metal_date_and_time_assignmeaitity. This rule spécifies

the heed for everyersioned_action_requesto have exactly one assaciated date, and optionally gxactly one

progluct data are an indication of when something dccurred or will occur relative to the specific plece or pieces
of groduct data.

EXIPRESS specification

*

ENTITY sheet_metal date_assignment

SUBTYPE OF (date_assignment);

items : SET [1:?] OF date_assigned_item;
WHERE

WIR1: sheet_metal_date (correlation (SELF);
END_ENTITY;

(*

Attrjbute definitions

items: asset ofdate_assigned_item that identify the particular pieces of product data to which the date is
assjgned.

Formal propositions

WR1: Thesheet_metal_date_correlatiorfunction, that correlates the roles that dates may play relative to
the various types of product data, shall be satisfied.
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Associated global rules

ISO

The following global rules are associated with this entity and restrict its use or its relationships with other

entities:

exe
timg
enti
enti
exe

cuted_action_requires_date_or_date_and_tim&heexecuted_action_requires_date_or_date'|
 rule specifies that each instanceerécuted_actiorshall be related to exactly one instance of

[y by means of theheet_metal_date_and_time_assignmeahtity. This rule specifies the need f
cuted_actiorto have exactly one associated date, and optionally exactly one‘associated tin

juct_definition_formation_requires_date_or_date_and_time The product. definition_formatig
lires_date_or_date_and_timeule specifies that each instanceufduct )definition_formation

elated to exactly one instance ofdhte entity by means of theheet, metal_date_assignmentit
tly one instance of titkate_and_timeentity by means of theheet (metal_date_and_time_assig

__request_requires_date_or_date_and_timeThework. request_requires_date_or_date_and
specifies that each instancevefsioned_action_requesshall be related to exactly one instan
entity by means of theheet metal_date .assignmenentity, or exactly one instance
_and_timeentity by means of theheet_metalodate _and_time_assignmeaitity. This rule spg
the heed for everyersioned_action_requesto-have exactly one associated date, and optionally €
asspciated time.

5.4.3.1.13 sheet_metal _doeument_reference

A gheet_metal_document_referenceelates adocument to a particular piece of product data.

relgtionship indicates a document reference from a specific piece of product data.

EXIPRESS specification

*)

ENT
Sy
ite

[ITY sheet~metal_document_reference
BTYPE-OF (document_reference);

ms ; SET [1:?] OF document_referenced_item;
FRE

land_-
dite

ty by means of theheet_metal_date_assignmemntity, or exactly one instance of tti@e-and_time

Dr every
e.

n_-
shalll

, Or
nment
ociated

| time

ce of the
of the
beifies
xactly one

This

RT_sheet_metal document correlation (SELF);

“ENTITY,

Attribute definitions
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items: a set oflocument_referenced_itera that identify the particular pieces of product data that
thedocument

Formal propositions

WRtThesteet metat_document_torretationurction, that correfates the types of documents th

asspciated with_specifi_c pieces of_product data, shall be satisfied.

5.4.3.1.14 sheet_metal _organization_assignment

A sheet_metal_organization_assignmerassociates aorganization with product data. This assg
shows the role that arganization plays relative to the product data.

EXIPRESS specification

*

ENTITY sheet_metal_organization_assignment

SUBTYPE OF (organization_assignment);

items : SET [1:?] OF organization_assigned_item;
WHERE

WIR1: sheet_metal_organization_correlation (SELF);
END_ENTITY;

(*

Attribute definitions

itenps: a set oforganization_assigned_item that identify the particular pieces of product data in
orgg@nization plays a role.

Formal propositions

WRL1: Thesheet _metal_organization_correlatiorfunction that correlates roles of organizations to
of groduct data shall be satisfied.

Asdociated globalrules

Tha following global rules are associated with this entity and restrict its use or its relationshif
entities:

reference

At may be

ciation

which an

elements

DS with other

contract_gssig__or_sm__ o?g_a_ssigjle s_pecifie_s that Each_instancewﬂrk_orde? shall be ac_ont_ract:-

m -

assigned_itenor anorganization_assigned_item This rule enforces the requirement for ewgoyk _order
to be external, which is equivalent to it being the subjectsbieat_metal _contract_assignmenbr internal,

which is equivalent to it being the subject effeeet_metal_organization_assignment
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cardinality_sm_organization_assignment_to_work_order  The cardinality_sm_organization_-
assignment_to_work_orderrule specifies that sheet_metal_organization_assignmemsthall correspond to

no fewer than onaork_order through its items attribute. This rule enforces the requirement in the ARM that
awork_order_responsibility is responsible for one or mon@rk_orders.

executed_action_requires_organizatianThe executed_action_requires_organizatiomule specifies that
each instance @fxecuted_actiorshall be related to one or more instances obtbanization entity-by means
of thesheet_metal _organization_assignmermntity. This rule specifies the need for evexgcuted_action
to have an associated organization or organization or organizations.

5.4.3.1.15 sheet_metal person_and_organization_assignment

A sheet_metal_person_and_organization_assignmerglates gerson_and- erganizationto product|data.
Thi$ association shows the role thadesison_and_organizationplays relative to the product data.

EXIPRESS specification

*
)
ENTITY sheet_metal_person_and_organization_assignment
SUBTYPE OF (person_and_organization_assignment);
items : SET [1:?] OF person_and_organization_assigned_item;
WHERE
WIR1: sheet_metal_person_and_organization_certelation (SELF);
END_ENTITY;

(*

Attribute definitions

itenps: a set operson_and_organization_assigned_itesrthat identify the particular pieces of product data
to which theperson_and_organizationis assigned.

Formal propositions

WRL1: Thesheet_metal_person_and_organization_correlatiofunction that correlates roles of perqons and
organizations te-elements of product data shall be satisfied.

5.4.3.1716 sheet _metal person_assignment

A sheetmetal_person_assignmentiates gersorTto product data. T s assocation stiows theTole that a
personplays relative to the product data.

EXPRESS specification
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*

ENTITY sheet_metal_person_assignment

SUBTYPE OF (person_assignment);

items : SET [1:?] OF person_assigned_item;
WHERE

WRZ1: sheet_metal_person_correlation (SELF);
END_ENTITY;

(*

Attribute definitions

itenps: a set operson_assigned_itemthat identify the pieces of product data to which the’person is assigned.

Formal propositions

WRL1: Thesheet_metal_person_correlatiorfiunction that correlates roles of persons to elements pf product
datq shall be satisfied.

Asdociated global rule

Thgq following global rule is associated with this entity and restrict its use or its relationships with gther entities:

woltlk_request_requires_person Thework_request_requires_persorrule specifies that each instance of
versioned_action_requesshall be related to one.@r more instances op#rson entity by means |of the
shept_metal_person_assignmeentity. This rule.Specifies the need for eveeysioned_action_requesto
have an individual or individuals who is the work requestor.

5.4.3.1.17 sheet_metal _security classification_assignment

A sheet_metal_security_classification_assignmerglates aecurity _classificationto a particular pigece of
profluct data. This particular telationship indicates security information relative to the product data to which
thesecurity_classificationis ‘assigned.

EXIPRESS specification

*
)
ENTITY sheet~metal_security_classification_assignment
SUBTYPE OF (security_classification_assignment);
items ; SET [1:?] OF security_classification_assigned_item;
END_ENTITY;

(*

Attribute definitions

items: a set ofsecurity_classification_assigned_itemthat identify the particular pieces of product data to
which the security classification is assigned.
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5.2.3.1.18 start_order

©I1SO

A start_order is the formal notification that authority has been given to perforaction. This is the same
as awork_order except that it is only for creating something for which no prior version exists.

EXH

PRESS specification

)

ENT
Sy

ENI

(*

Asg

[ITY start_order
BTYPE OF (work_order);
D ENTITY;

ociated global rule

The
car
ass

acti
aw

5.4

AW

as arexecuted_actiorexcept that uniqueness is enforced on the value of the name attribute.

EXH

following global rule is associated with this entity and restrict its use.0or its relationships with g
linality _start_order_to_sm_action_assignment  The cardinality_start_order_to_sm_acti
ignment rule specifies that atart_order shall correspond’ to no fewer than osleeet _me

bn_assignmenthrough its assigned_action attribute. This rule enforces the requirement in th
prk_order has one or moneork_items.

.3.1.19 work_order

ork_order is the formal notification that authority has been given to perforacton. This is the

PRESS specification

)
ENT
SU
SU
UNI
UR
ENI

(*

Attr

[ITY work_order

PERTYPE OF (ONEQF(change_order, start_order))
BTYPE OF (executed,-action);

QUE

1:name,

D_ENTITY;

butetdefinitions

ther entities:
bn_ -

tal -
e ARM that

same

SELRaetion-namera—unigue-identifierfor- therork—order-
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Formal propositions

WR1: The value assigned to the inherited name attributeodf order shall be unigue among all instances

of work_order.

Asgociatedgiobat Tule

Thae following global rule is associated with this entity and restricts its use or its relationship
entities:

carglinality_sm_organization_assignment_to_work_order The cardinality.‘Ssn_organizati
ass|gnment_to_work_orderrule specifies that sheet_metal_organization_assignmersthall corresp
no fewer than onaork_order through its items attribute. This rule enforces therequirement in the
awoprk_order_responsibility is responsible for one or monerk_orders.

cardlinality_work_order_to_sm_contract_assig_or_sm_org_assigThecardinality_work_order_to_§
ract_assig_or_sm_org_assigule specifies that each instancewark_order shall be acontrg
gned_itenor anorganization_assigned_item This rule enfarces the requirement for ewgoyk_of
external, which is equivalent to it being the subjectsbieat_metal_contract_assignmenbr inte
ich is equivalent to it being the subject affeeet_metal “erganization_assignment

sublype_mandatory_work_order. Thesubtype_mandatory_work_orderrule specifies that each if
of work_order shall be an instance change_orderor start_order. The rule enforces the requiren
work orders must be for starting a new item-.or changing an existing one.

.3.1.20 work_order_relationship

s with other

DN_-
bnd to
ARM that

m_-
ct_-
der
rnal,

stance
ent that

A work_order_relationship is a type obction_relationship that is further constrained so that the aetions

rel

ted thereby are each eitlibange_ordes orstart_orders.

EXIPRESS specification

*

ENTITY work_order-relationship
SUBTYPE OFE\(action_relationship);

WHERE
WR1:((GHANGE_ORDER' IN (TYPEOF(SELR\action_relationship.
rejating ‘action) OR 'START_ORDER")) IN TYPEOF(SELF\
adgtion, relationship. relatmg act|on)) AND ((CHANGE ORDER

I (T/DEAOEL(SELEL

\I T I'I:\JI_\QI:LI_\Q\.'LIUII ICIQI.IUI IDIII'J ICIGLCU QL;LIUII ) ur\
'START_ORDER)) IN TYPEOF (SELF\action_relationship.
related_action ));

END_ENTITY;

(*
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Formal propositions

SO

WR1: The types of the twactions related by this relationship shall each be eithange_ordes orstart_-
orders.

5.9

5.4

The
I1SQ

The

The

The

The

modlifications apply to this part of ISO 10303.

The

5.2

+ dependent_instantiation_for_action (see 5.2.4.12).

3.2 Die pfanning and design imported entity modifications
.3.2.1 action

base definition of trection is given in ISO 10303-41. The following modifications'apply to th
10303.

following global rules defined in this part of ISO 10303 apply to the-action entity:

.3.2.2 action_method

following global rules defined in this part of SO 10303 apply t@a¢kien_methodentity:
— cardinality_action_method_to_process_plan (see 5.2.4.4).
.3.2.3 action_request_solution

base definition of thaction request_solutionentity is given in 1ISO 10303-41. The fog

following global.rules defined in this part of ISO 10303 apply tattien_request_solutionentif

— dependentinstantiation_for_action_request_solution (see 5.2.4.13).

.3.2.4action_resource_requirement

s part of

base definition of trection_methodentity is given in IS©.10303-41. The following modifications apply
to this part of ISO 10303.

llowing

VA

The

modifications apply to this part of ISO 10303.

llowing

The following global rules defined in this part of ISO 10303 apply tatktien_resource_requiremententity:
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— cardinality_product_definition_process_to_action_resource_requirement (see 5.2.4.5).

5.2

.3.2.5 application_context

ISO 10303-207:1999(E)

The base definition of tregplication_contextentity is given in ISO 10303-41. The following modifications

apg

The

o1
N

The
par

The

o1
N

The
appg

The

5.4

The

modifications ‘apply to this part of ISO 10303.

The

1+ dependent_instantiation_for_application_context (see 5.2.4.14).

+ approval_requires_approval_date_time (see 5.2.4'2).

+ approval_requires_approval_person_organization (see 5.2.4.3).

ly to this part of ISO 10303.

following global rules defined in this part of ISO 10303 apply t@pipiication_context entity:

.3.2.6 approval

base definition of tregproval entity is given in ISO 10303-41. The following modifications app
of ISO 10303.

following global rules defined in this part of ISO 10303 apply taypipeoval entity:

.3.2.7 approval_date_time

base definition of trepproval_date_timeentity is given in ISO 10303-41. The following modif
ly to this part of ISO 10303.

following global rules defined'in this part of ISO 10303 apply tapipeoval_date_timeentity:
— approval_requires_approval_date_time (see 5.2.4.2).
.3.2.8 approval_person_organization

base definition of thepproval_person_organizationentity is given in ISO 10303-41. The fo

following global rules defined in this part of ISO 10303 apply t@gpipeoval person organiz

entity:

— approval_requires_approval_person_organization (see 5.2.4.3).

ly to this

cations

llowing

Ation
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5.2

.3.2.9 contract

©I1SO

The base definition of trentract entity is given in ISO 10303-41. The following maodifications apply to this

part

of ISO 10303.

The

5.4

Thdg
this

The

The

following global rules defined in this part of ISO 10303 apply tadhnéract entity:

+ dependent_instantiation_for_contract (see 5.2.4.15).

.3.2.10 date role

base definition of thaate_role entity is given in ISO 10303-41. The following modifications
part of ISO 10303.

following global rules defined in this part of ISO 10303 apply tal#te role entity:

+ dependent_instantiation_for_date _role (see 5.2.4.16),

+ restrict_date_role (see 5.2.4.36).

.3.2.11 date_time_role

base definition of thdate_time_roleentity is given in ISO 10303-41. The following modificatio

to this part of ISO 10303.

The

The

following global rules defined in"this part of ISO 10303 apply taldée time_roleentity:

+ dependent_instantiation_for _date_time_role (see 5.2.4.17).

+ restrict_date_timecrole (see 5.2.4.37).

.3.2.12 derived _unit

base definition of thaerived_unit entity is given in ISO 10303-41. The following modificatio

to this part:ef1SO 10303.

The

apply to

ns apply

ns apply

fallowing global rules defined in this part of ISO 10303 apply tal¢eed unit entity:

— dependent_instantiation_for_derived_unit (see 5.2.4.18).

5.2.3.2.13 document_reference
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The base definition of trdlocument_referenceentity is given in ISO 10303-41. The following modifications
apply to this part of ISO 10303.

The following global rules defined in this part of ISO 10303 apply talttement_referenceentity:

+ dependent_instantiation_for_document_reference (see 5.2.4.19).

5.4.3.2.14 executed_action

The base definition of trexecuted_actiorentity is given in ISO 10303-41. The following modifications apply
to this part of ISO 10303.

The following global rules defined in this part of ISO 10303 apply texkeuted_actiorentity:
+- executed_action_requires_approval (see 5.2.4.26).
+— executed_action_requires_date_or_date_and_time (see'5.2.4.27).

+— executed_action_requires_organization (see 5.2.4.28).

5.4.3.2.15 functionally defined_transformation

Thg base definition of thinctionally _defined_transformation entity is given in ISO 10303-41. The
follgwing modifications apply to this partief ISO 10303.

Thg following global rules. defined in this part of ISO 10303 apply |[to the
fungtionally _defined_transformation entity:

+ dependent_instantiation_for_functionally_defined_transformation (see 5.2.4.20).
5.4.3.2.16 global uncertainty assigned_context

Theg base definition of thglobal _uncertainty _assigned_contexentity is given in ISO 10303-41. The
follgwing modifications apply to this part of ISO 10303.

Thg CHollowing global rules defined in this part of ISO 10303 apply |[to the
global_uncertainty_assignedcontext entity:

— global_uncertainty_assigned_context_constraint (see 5.2.4.29).
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5.2

.3.2.17 item_defined_transformation

SO

The base definition of thkem_defined_transformation entity is given in ISO 10303-41. The following
modifications apply to this part of ISO 10303.

The

The

apgly to this part of ISO 10303.

The

5.4

The

modlifications apply to this part of ISO 10303.

The

entify:

5.4

The

to this.part of ISO 10303.

+ dependent_instantiation_for_item_defined_transformation (see 5.2.4.21).

+ dependent_instantiation_for_organization_role (see 5.2.4:22).

+ restrict_organization_role (see 5.2.4.38).

+ dependent_instantiation-for_person_and_organization_role (see 5.2.4.23).

+ restrict_person.‘and_organization_role (see 5.2.4.40).

following global rules defined in this part of ISO 10303 apply tat¢he defined_transformation.entity:

.3.2.18 organization_role

base definition of therganization_role entity is given in ISO 10303-41. The following modifjcations

following global rules defined in this part of ISO 10303 apply t@tganization_role entity:

.3.2.19 person_and_organization_role

base definition of thgerson_and_organization_roleentity is given in ISO 10303-41. The fo

following global rules defined in this part of ISO 10303 apply tgéneon_and_organization

.3.2.20 person_role

base-definition of theerson_roleentity is given in ISO 10303-41. The following modificatio

llowing

| role

ns apply

The following global rules defined in this part of ISO 10303 apply tpdnson_roleentity:

— dependent_instantiation_for_person_role (see 5.2.4.24).

— restrict_person_role (see 5.2.4.39).

190


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

5.2.3.2.21 product

ISO 10303-207:1999(E)

The base definition of thgroduct entity is given in ISO 10303-41. The following modifications apply to this
part of ISO 10303.

The

o1
N

The
appg

The

The

Inst
cate

following global rules defined in this part of ISO 10303 apply tptbeuct entity:
— product_requires_product_definition_formation (see 5.2.4.33).

— product_requires_product_type (see 5.2.4.34).

.3.2.22 product_definition

base definition of theroduct_definition entity is given in ISO 10303=41. The following modifi
ly to this part of ISO 10303.

following global rules defined in this part of ISO 10303 apply tprtbeuct_definition entity :
— cardinality_sm_action_assignment_to_product cdefinition (see 5.2.4.7).

— product_definition_formation_requires_product_definition (see 5.2.4.32).

following additional informal propositions apply:

ances ogbproduct_definition which arepointed to by one or more instancgzroduct_related_prody
gorywhich are also instances of fii@duct_related_product_categorysubtypeproduct_type, V

thafproduct_related_product_catégoryhas a name attribute with the value of either 'die’, ‘mate

1

or

(

Inspecified' shall always-meet one of the four following conditions:
— if the value of theirassociatedoduct_related_product_categoryname attribute is 'part’, thq

f the subtyp@roduct_type, and which has a name attribute with the value of 'part_definitic

— if the'value of their associat@tdoduct_related_product_categoryname attribute is 'die’, thg
also, he-an instance pfoduct_definition_with_associated_documentsand also have an inst

cations

ct -
vhen
ial', 'part’,

ey shall

also have an instancebduct_related_product_categorypointing to them which is not an ipstance

n;

y shall
hnce of

not an instance of the

subtype

— if the value of their associat@tdoduct_related_product_categoryname attribute is 'material’, they
shall also be an instancebduct_definition_with_associated_documentsand also have an instance
of product_related_product_category pointing to them which is not an instance of the subtype
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product_type, and which has a name attribute with the value of 'material definition' or 'scrap definition’;
— if the value of their associatpdbduct related_product_categoryname attribute is 'unspecified’, they

shall also be an instancembduct_definition_with_associated_documentsand also have an instance
of product_related_product_category pointing to them which is not an instance of the subtype

product_type, and which hias a name auribute with the vatue of ‘scrap defmiton |
5.4.3.2.23 product_definition_context

Theg base definition of th@roduct_definition_context is given in ISO 10303-41. The following modifications
apgly to this part of ISO 10303.

Thg following global rules defined in this part of ISO 10303 apply tptbéuct 'definition_context entity:

+ restrict_product_definition_context (see 5.2.4.41).

5.4.3.2.24 product_definition_formation

Thg base definition of th@roduct definition_formation..is* given in ISO 10303-41. The following
modlifications apply to this part of ISO 10303.

Thg following global rules defined in this part of ISO©310303 apply tptbduct definition_formation entity:
+ cardinality_sm_action_assignment_.t6) product_definition_formation (see 5.2.4.8).
+ product_definition_formation_séquires_date_or_date_and_time (see 5.2.4.31).
+ product_requires_produet. definition_formation (see 5.2.4.33).

+ product_definition Aformation_requires_product_definition (see 5.2.4.32).

5.4.3.2.25 product_definition_process

N

Theg base definition of thproduct_definition_processentity is given in ISO 10303-41. The following
modificatiensvapply to this part of ISO 10303.

Thg following global rules defined in this part of ISO 10303 apply tanthéuct_definition_processerptity:

— cardinality_product_definition_process_to_action_resource_requirement (see 5.2.4.5).

5.2.3.2.26 product_definition_relationship
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The base definition of thgroduct_definition_relationship entity is given in ISO 10303-41. The following
modifications apply to this part of ISO 10303.

The following global rules defined in this part of ISO 10303 apply tetbduct_definition_relationship
entity:

+ same_type_for_relationships (see 5.2.4.43).
The following additional informal propositions apply:

If thie product_definition_relationship is a mating relationship, then it shall have af’mostsbape_agpect
that specifies the shape of the mating area.

5.4.3.2.27 shape_representation

Theg base definition of trghape_representatiorentity is given in ISO 10303-41. The following modifjcations
apgly to this part of ISO 10303.

The following global rules defined in this part of ISO 10303 apply tslhpe representatiorentity:
+ subtype_mandatory_for_shape_representation: (see 5.2.4.44).
5.4.3.2.28 tolerance value

The base definition of thelerance_valueentity is given in ISO 10303-47. The following modifications apply
to this part of ISO 10303.

The following global rules defined in this part of ISO 10303 apply téclleeance_valueentity:
+ dependent_instantiation_for_tolerance_value (see 5.2.4.25).
5.4.3.2.29 versioned_action_request

Theg base definition of theersioned_action_requestentity is given in ISO 10303-41. The following
modificatiensvapply to this part of ISO 10303.

Thg following global rules defined in this part of ISO 10303 apply te¢ngioned_action_requesentity:

— work_request_requires_date_or_date_and_time (see 5.2.4.46).

— work_request_requires_person (see 5.2.4.47).
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5.2.3.2.30 item_defined_transformation

©I1SO

The base definition of thétem_defined_transformation entity is given in ISO 10303-43. The following
modifications apply to this part of ISO 10303.

The

5.4

The

following global rules defined in this part of ISO 10303 apply tat¢he defined_transformation.entity:

— dependent_instantiation_for_item_defined_transformation (see 5.2.4.21).

.3.2.31 assembly _component_usage

base definition of the entiBssembly_component_usagie given in ISO ©0303-44. The fo

modlifications apply to this part of ISO 10303.

The
higl
ren

5.2

The
follg

The
usa

5.2

The
follg

The

supertype clause has been pruned. The list empiesassembly cusage occurren@ndspecifi
ner_usage_occurrencethe keyword ONEOF, and the brackets 'surrounding the ONEOF list
oved.

.3.2.32 assembly _component_usage substitute

base definition of thessembly _component_usage_substituatity is given in ISO 10303-44.

wing modifications apply to this part of ISO10303.

following global rules defined in this’ part of ISO 10303 apply toassembly compon
ge_substituteentity:

— restrict_assembly_component_usage_substitute (see 5.2.4.35).
.3.2.33 quantified_assembly component_usage

base definition,of thguantified _assembly component_usagentity is given in ISO 10303-44
wing modifications apply to this part of ISO 10303.

following ‘global rules defined in this part of ISO 10303 apply to dimntified_assem

conponent_usagentity:

lowing

ed_-
have been

The

ent_-

. The

ply -

—Testrict _quantified assembly component usage (see 5.2.4.42).

5.2.3.2.34 datum_reference
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The base definition of the entitlatum_referenceis given in ISO 10303-47. The following modifications
apply to this part of ISO 10303.

The supertype clause has been removed.

5.7

The
appg

The
ON

5.4

The

modlifications apply to this part of ISO 10303.

The

5.4

The
tot

The

5.4

The

modlifications apply to.this part of ISO 10303.

The

-3.2.35 geometric_tolerance

base definition of the entifypometric_toleranceis given in ISO 10303-47. The following modif
ly to this part of ISO 10303.

supertype clause has been pruned. The listgetryetric_tolerance_with_defined_unitthe key
FOF, and the brackets surrounding the ONEOF list have been removed-

.3.2.36 shape_dimension_representation

base definition of the entighape_dimension_representatiors given in ISO 10303-47. The fo

supertype clause has been removed.

.3.2.37 tolerance_value

base definition of the entiiylerance_valueis given in ISO 10303-47. The following modificatior
nis part of ISO 10303.

supertype clause has been remoyed.

.3.2.38 tolerance_zane definition

base definition of the’ entitplerance_zone_definitionis given in ISO 10303-47. The fo

supertype €lause has been removed.

.3.2.89 action_method_with_associated documents

cations

word

lowing

s apply

lowing

The foIIowmg modifications apply to this part of ISO 10303

Y To be published.
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The supertype clause has been removed.
5.2.4 Sheet metal rule definitions

5.2.4.1 application context requires ap definition

The application_context_requires_ap_definitionrule specifies that each instanceapplication..context
shall be referenced by exactly a@plication_protocol_definition that specifies this part of 1SO 10303.

EXIPRESS specification

*
)
RULE application_context_requires_ap_definition FOR
lapplication_context, application_protocol_definition);
WHERE
VR1: SIZEOF (QUERY (ac <* application_context |
NOT (SIZEOF (QUERY (apd <* application_protocol_definition |

¢ :=: apd.application)
ND

pd.application_interpreted_model_schema_name =
sheet_metal))) =1))) =0;
END_RULE;

Argument definitions

application_context: identifies the set of allinstances of t#pplication_contextentity.

application_protocol_definition: identifies the set of all instances of #pplication_protocol_defintion
entify.

Formal propositions

WR1: For each instanee @pplication_context there shall be exactly one instanceapplication_-
protocol_definition that references the instanceapiplication_contextas itsapplication with a value of
‘shget_metal’ as-itapplication_interpreted_model_schema_name

5.4.4.2 approval _requires_approval_date time

Thgapproval_requires_approval_date_timerule specifies that each instanceapproval shall be referenced
by exactly on@pproval_date_time This rule enforces the requirement for every approval to have a date on
which the approval obtained its specified status.
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EXPRESS specification

*

RULE approval_requires_approval_date time FOR
(approval, approval_date_time);
HERE

SIZE 00 (OLIEDN, (o X

W

END_RULE;

(*

Argument definitions

1 PN
OO (Yo (& appPTrovan

1
NOT (SIZEOF (QUERY (adt <* approval_date_time |
a :=: adt.dated_approval )) =1))) =0;

app

app

For

roval: identifies the set of all instancesagproval entities.
roval_date_time:identifies the set of all instances of #ygproval_date timeentity.

mal propositions

WR
the

5.4

Theg
be

apg

EXH

1: For each instance approval, there shall be exactly one jinstanceygbroval_date_timethat cor
instance ofipproval as itsdated_approvalattribute.

4.3 approval_requires_approval_person_organization

approval_requires_approval_person_organizatiorrule specifies that each instanceapproval
referenced by at least amgproval_person _organization This rule enforces the requiremer
roval to be authorized by one or more people within an organization.

PRESS specification

)
RUI

(approval, approval_persoen “erganization);

WH
W

ENI
(*

Arg

LE approval_requires_appraval_person_organization FOR

FRE

R1: SIZEOF (QUERY-(a <* approval |

NOT (SIZEOF (QUERY (apo <* approval_person_organization |
a :=: apo.autherized_approval )) >=1))) = 0;

D_RULE;

ument definitions

ISO 10303-207:1999(E)

tains

shalll
t for an

app

roval: identifies the set of all instances of Hmproval entity.

approval_person_organization: identifies the set of all instances of @ygproval_person_organization
entity.

197


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©l

Formal propositions

SO

WR1: For each instance approval, there shall be one or more instanceapgroval _person_organization
which contain the instance approval as itsauthorized_approval attribute.

5.4
Theg
equ

AR

EXH

4 4 cardinality_action_method _t0_process_plan

cardinality_action_method_to_process_plamule specifies thadction_methods with name-attr
al to “part process plan template” shall be referenced by at legsboass_plan This rule ‘enforc
VI requirement for part_process_plan_templates to be used by no fewer tipantopecess_plg

PRESS specification

)

RULL

(ac
WH
w

ENI
(*

Arg

E cardinality_action_method_to_process_plan FOR
tion_method, process_plan);

FRE

R1: SIZEOF (QUERY (am <* action_method |
m.name = 'part process plan template’) AND

NOT (SIZEOF (QUERY (pp <* process plan |

: pp.chosen_method )) = 1)))) =

) RULE

Lment definitions

acti

pro

For

pn_method: identifies the set of all instances of #wion_methodentity.
cess_plan:identifies the set of all instances of firecess_planentity.

mal propositions

WR
it.

5.4.

The
pro

1: For each instance @ttion_method there shall be at least one instancprotess_planthat refer

4.5 cardinality product_definition _process to_action_resource_require

cardinality_product_definition_process_to_action_resource_requirementrule specifies t
Huct\. definition_processshall be the operation of no more than ackon_resource_requirement

butes
es the
n

eNces

ment

hat a
This

rulg
defi

enforces the requirement in the ARM tharacess_operatiorhave no more than opeess_defin

ned for it.

EXPRESS specification

)
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RULE cardinality_product_definition_process_to_action_resource_requirement
FOR (product_definition_process, action_resource_requirement);
WHERE
WR1: SIZEOF (QUERY (pdp <* product_definition_process |
NOT (SIZEOF (QUERY (arr <* action_resource_requirement |
pdp :=: arr.operations)) <= 1))) = 0;
END_RULE;
(*

Argument definitions

actipn_resource_requirementidentifies the set of all instances of #Hetion_resource_reguiremententity.
pro@luct_definition_process:identifies the set of all instances of gireduct_definition_processentity.

Formal propositions

WR1: For each instance giroduct_definition_process there shailybe no more than one ingtance of
actipn_resource_requirementpointing to it via its operation attribudte.

5.4.4.6 cardinality_sm_action_assignment,_to: process_plan

The cardinality_sm_action_assignment_to_process{planule specifies that asheet _metal_action_-
ass|gnmentshall correspond to no more than pnecess_planthrough its items attribute. This rule enforces
the requirement in the ARM thatrork _item be a stipertype off@art_process_plan and therefore asspciated
with) only zero or one of them at a time.

EXIPRESS specification

*

RULE cardinality_sm_action_asSignment_to_process_plan

OR (sheet_metal_action (assignment, process_plan);

WHERE

R1: SIZEOF (QUERY:(pp <* process_plan |
NOT (SIZEOF (QUERY (smaa <* sheet_metal_action_assignment |
pp IN smaa.items)) <=1))) = 0;

END_RULE;

(*

=L

Argument.definitions

pro_« - i 1 coca nlananting
u _ . U\'JJ_'JIUI o1 II.ILy .

sheet_metal_action_assignmentdentifies the set of all instances of #ieet_metal_action_assignment
entity.
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Formal propositions

WR1: For each instance sheet_metal_action_assignmenthere shall be no more than one instance of
process_planin its set of items.

5.2.477 cardinality_sm_action_assignment_to_product_definition

Thgcardinality_sm_action_assignment_to_product_definitiomule specifies that aheet_metal_acﬂ:on_-
assjgnmentshall correspond to no more than gneduct_definition through its items attribute. This rule
enforces the requirement in the ARM thatark_item be a supertype of atem_definition, and thefefore

asspciated with only zero or one of them at a time.

EXIPRESS specification

*

RULE cardinality_sm_action_assignment_to_product_definition

OR (sheet_metal_action_assignment, product_definition);

WHERE

R1: SIZEOF (QUERY (pd <* product_definition |
NOT (SIZEOF (QUERY (smaa <* sheet_metal_action_assignment |
pd IN smaa.items)) <=1))) = 0;

END_RULE;

(*

=L

Argument definitions

profluct_definition: identifies the set of allinstances of fhreduct_definition entity.

shelet_metal_action_assignmentdentifies the set of all instances of #ieeet_metal_action_assighment
entify.

Formal propositions

WR1: For each instance sheet_metal_action_assignmenthere shall be no more than one ingtance of
pro@luct_definition\in its set of items.

5.4.4.8 cardinality_sm_action_assignment_to_product_definition_formatipn

The cardinality_sm_action_assignment_to_product_definition_formationrule specifies that aheet-
_m dl_d .'-L 0'""'1\.'- OorresSpona to nNo maore than enecdu 0'".'."'-.' roOu
items attribute. This rule enforces the requirement in the ARM tiadrk item be a supertype of an
item_version and therefore associated with only zero or one of them at a time.
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EXPRESS specification

*

RULE cardinality_sm_action_assignment_to_product_definition_formation
FOR (sheet_metal_action_assignment, product_definition_formation);

ISO 10303-207:1999(E)

WHERE
W T \pUI < [JIUUU(..l defimtion IUHIIdlIUII|
NOT (SIZEOF (QUERY (smaa <* sheet_metal_action_assignment |
pdf IN smaa.items)) <=1))) = 0;
END_RULE;

(*

Arg

Lment definitions

pro

she
enti

For

et_metal_action_assignmentdentifies the set of all instances of, 8ieeet_metal_action_assig
y.

mal propositions

WR
pro

5.4.

The
_or
Thi
mof

EXH

1: For each instance sheet_metal_action_assignmenthere shall be no more than one ins
juct_definition_formation in its set of items.

4.9 cardinality_sm_organization-cassignment_to_work_order

panization_assignmenshall correspond to no fewer than anerk_order through its items att
5 rule enforces the requirement in‘the ARM thatoak_order_responsibility is responsible for
ework_orders.

PRESS specification

*

RULL

n

WH

"-Zg

ENI

E cardinality _sm)organization_assignment_to_work_order
OR (sheet_metal_organization_assignment, work_order);
FRE

R1: SIZEQOF (QUERY (wo <* work_order |

OT (SIZEOF (QUERY (smoa <* sheet_metal_organization_assignment |
bffector' = smoa.role) AND (wo IN smoa.items))) >=1))) = 0;

D (RULE;

juct_definition_formation: identifies the set of all instances of fhreduct_definition_formation entity.

nment

tance of

cardinality_sm_organization_assignment_to_work_order rule specifies that asheet netal-

ibute.
bne or

(*

201


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©ISO

Arg

ument definitions

work_order: identifies the set of all instances of therk_order entity.

sheet_metal_organization_assignmenidentifies the set of all instances of gfeet_metal_organization-

_as
For

TgQTIMETTETtity:
mal propositions

WK
wor

5.4
The
ton

the

EXH

k_order in its set of items.

.4.10 cardinality_start_order_to_sm_action_assignment
cardinality_start_order_to_sm_action_assignmentule specifies that'atart_order shall corres
o fewer than ongheet_metal_action_assignmettihrough its assigned, action attribute. This rule)
requirement in the ARM thatvweork_order has one or moreork_items.

PRESS specification

*

RUI

n

WH

=

ENI
(*

Arg

LE cardinality_start_order_to_sm_action_assignment

OR (sheet_metal_action_assignment, start_order);

FRE

R1: SIZEOF (QUERY (so <* start_order |
NOT (SIZEOF (QUERY (smaa <* sheet_metal_action_assignment |
S0 :=:smaa.assigned_action)) >=1))) = 0,

D RULE;

Lment definitions

she
enti

starft_order: identifies the set of all instancesstért_order entity.

For

et_metal_action_assignmentdentifies the set of all instances of 8feeet_metal_action_assig
y.

mal propositions

1: For each instance gheet_metal_organization_assignmenthere shall be at least one instance of

spond
enforces

nment
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5.2.4.11 cardinality_work_order_to_sm_contract_assig_or_sm_org_assig

Thecardinality_work_order_to_sm_contract_assig_or_sm_org_assigile specifies that each instance of
work_order shall be acontract_assigned_itenor anorganization_assigned_item This rule enforces the
requirement for everyrork_order to be external, which is equivalent to it being the subjectsbeat_metal_-

con
ass

EXH

gnment

PRESS specification

*)
RUI
(w
sh
WH
W

\
ENI

(*

Arg

LE cardinality_work_order_to_sm_contract_assig_or_sm_org_assig FOR
brk_order, sheet_metal_contract_assignment,
eet_metal_organization_assignment);

FRE

R1: SIZEOF (QUERY (wo <* work_order |

NOT (SIZEOF (QUERY (smca <* sheet_metal_contract_assignmenty|
wo IN smca.items)) = 1)

OR

SIZEOF (QUERY (smoa <* sheet_metal_organization_assignment |
vo IN smoa.items)) = 1) )) = 0;

D_RULE;

Lment definitions

\Wel(

she|
enti

she|
ass

For

k_order: identifies the set of all instances of therk_order entity.

Pt _metal_contract_assignmenidentifies the set of all instances of gieet_metal_contract_assig
y.

gnmententity.

mal propositions

WK
con

5.4

1: Every instance oWork _order shall be used exclusively by exactly one of eitbleeet _me
fract_assignmentor sheet_metal_organization_assignment

A.12 dependent_instantiation_for_action

fract_assignmentor internal, which is equivalent to it being the subject siieet_metal_organization_-

hment

pt_metal_organization_assignmentdentifies the set of all instances of 8teeet_metal_organization_-

tal_-

This rule enforces the requirement that the emtityon, that is not directly instantiable, but that is not an

inte

rmediate supertype, shall not be allowed to be directly instantiated.

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
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inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2.

Thedependent_instantiation_for_actionrule specifies that each instanceacfion shall be referenced by at
least one instance of an entity.

EXI'\I_\I_C‘(" B i fioua
NLOJ OJUTUITICAUIVUTT

*
)
RULE dependent_instantiation_for_action FOR (action);
WHERE

WR1: SIZEOF (QUERY (a <* action |
NOT (SIZEOF (USEDIN (a, ")) >=1))) = 0;
END_RULE;

(*

Argument definitions

actipn: identifies the set of all instancesadaftion.

Formal propositions

WR1: For each instance attion there shall be at least.one instance of an entity that refeistiey

5.4.4.13 dependent_instantiation_for.action_request_solution

Thig rule enforces the requirement that the eatition_request_solution that is not directly instantiable, but
that is not an intermediate supertype, shall not be allowed to be directly instantiated.

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
inclusion of these entities in thet\EXPRESS "USE FROM" declarations that are found at the beginijing of 5.2.

Theg dependent_instantiation/for_action_request_solutiormule specifies that each instanceaotipn_-
reqiest_solutionshall be-referenced by at least one instance of an entity.

EXIPRESS specification

*

RULE dependent_instantiation_for_action_request_solution
FOR.(aetion_request_solution);
WHERE
WRILSIZEOF (QUERY (ars <* action_request_solution |
NOT (SIZEOF (USEDIN (ars, ")) >=1))) =0;
END_RULE;
(*

204


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

Arg

ument definitions

action_request_solutionidentifies the set of all instancesauaition_request_solution

For

mal propositions

WR
refg

5.4

Thig
isn

)
i

ISO 10303-207:1999(E)

rencesction_request_solution

4.14 dependent_instantiation_for_application_context

pt an intermediate supertype, shall not be allowed to be directly instantiated.

IOTE - The correlative requirement that intermediate supertypes not be ditectly instantiated is enforc
hclusion of these entities in the EXPRESS "USE FROM" declarations'that are found at the begin

Thg dependent_instantiation_for_application_contextrule spgcifies that each instanceapplicatic
congext shall be referenced by at least one instance of anentity.
EXPRESS specification
%)
RULE dependent_instantiation_for_application_context
HOR (application_context);
WHERE
WIR1: SIZEOF (QUERY (ac <* applicatiof,'context |
NOT (SIZEOF (USEDIN (ac, ")) >2'1Y))) = 0;
END_RULE;
(*
Argument definitions
appllication_context identifies the set of all instancesagiplication_context
Forfmal propositions
WRL1: Foreach instance application_contextthere shall be at least one instance of an entity that
application_context

1: For each instance aiction_request_solutionthere shall be at least one instance of an“¢ntity that

b rule enforces the requirement that the eafipylication_context that is not directly instantiable, put that

ed by the non-
ing of 5.2.

n -

references

5.2.4.15 dependent_instantiation_for_contract

This rule enforces the requirement that the entitytract, that is not directly instantiable, but that is not an

inte

rmediate supertype, shall not be allowed to be directly instantiated.

205


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E)

©I1SO

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2.

Thedependent_instantiation_for_contractrule specifies that each instancecohtract shall be referenced
by at least one instance of an entity.

EXH

PRESS specification

)
RUI
F
WH
W

ENI
(*

Arg

L[E dependent_instantiation_for_contract
OR (contract);

FRE

R1: SIZEOF (QUERY (c <* contract |

NOT (SIZEOF (USEDIN (c, M) >=1))) =0;
D RULE;

Lment definitions

con

For

tract: identifies the set of all instancesanmntract.

mal propositions

WR

5.4

Thig
inte)

)
i

The

.4.16 dependent_instantiation_for_date role

b rule enforces the requirement that.the edttly role that is not directly instantiable, but that i
Fmediate supertype, shall not be.allowed to be directly instantiated.

IOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforc
nclusion of these entities inythe EXPRESS "USE FROM" declarations that are found at the beginr

dependent_instantiation_for_date_rolerule specifies that each instancedafe_role shall be refer

by at least one ingtance of an entity.

EXH

PRESS specification

)
RUI

| E-dependent_instantiation_for_date role

A

1: For each instance obntract there shall be ateast one instance of an entity that refemtéact.

5 not an

ed by the non-
ing of 5.2.

enced

OR' (date role):

WHERE
WR1: SIZEOF (QUERY (dr <* date_role |

NOT (SIZEOF (USEDIN (dr, ")) >= 1))) = 0;

END_RULE;

(*

Argument definitions
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date_role identifies the set of all instancesdzite_role

Formal propositions

WR

5.4

Thig
not

)
i

.4.17 dependent_instantiation_for_date time_role

b rule enforces the requirement that the edtite _time_role that is not directly instantiable, bu
an intermediate supertype, shall not be allowed to be directly instantiated.

IOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforc
nclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginr

Thgdependent_instantiation_for_date_time_rolerule specifies that each instancealafe_time_role
be feferenced by at least one instance of an entity.
EXPRESS specification
*
RULE dependent_instantiation_for_date _time_role
HOR (date_time_role);
WHERE
WIR1: SIZEOF (QUERY (dtr <* date_time_role |
NOT (SIZEOF (USEDIN (dtr, ")) >= 1 ))) =0;
END_ RULE;
(*
Argument definitions
dat¢_time_role identifies the set of all instancesdzfte _time_role
Formal propositions
WR1: For eachvinstance ofate_time_rolethere shall be at least one instance of an entity that
datg¢_time_role

5.4

4718 dependent_instantiation_for_derived_unit

ISO 10303-207:1999(E)

sole

that is

ed by the non-
ing of 5.2.

shalll

references

This rule enforces the requirement that the edgtyved unit, that is not directly instantiable, but that is not

ani

ntermediate supertype, shall not be allowed to be directly instantiated.

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2.
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The dependent_instantiation_for_derived_unitrule specifies that each instancedefived_unit shall be
referenced by at least one instance of an entity.

EXPRESS specification

*

RUI
A
WH

W

ENI
(*

Arg

L[E dependent_instantiation_for_derived_unit
OR (derived_unit);

FRE

R1: SIZEOF (QUERY (du <* derived_unit |
NOT (SIZEOF (USEDIN (du, ")) >=1))) =0;
D RULE;

Lment definitions

der

For

ved_unit: identifies the set of all instancesd#frived_unit.

mal propositions

WR
der

5.4

Thig
isn

)
i

Thdg
refg

EXH

1: For each instance aferived_unit there shall be at-least one instance of an entity that
ved_unit.

4.19 dependent_instantiation _for” document_reference

b rule enforces the requirement that the edéitument_reference that is not directly instantiable,
pt an intermediate supertype, shallknot be allowed to be directly instantiated.

IOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforg
nclusion of these entities in(the EXPRESS "USE FROM" declarations that are found at the beginr

dependent_instantiation_for_document_referenceule specifies that each instancedafcume
renceshall be referenced by at least one instance of an entity.

PRESS specification

*

RUI
A

L[E depéendent_instantiation_for_document_reference
OR (document_reference);

references

put that

ed by the non-
ing of 5.2.

nt_-

WH

RE

WR1: SIZEOF (QUERY (dr <* document_reference |

NOT (SIZEOF (USEDIN (dr, ")) >= 1))) = 0;

END_RULE;

(*

Arg

ument definitions
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document_referenceidentifies the set of all instancesdacument_reference

Formal propositions

WR
dog

5.4

Thi
inst

)
i

Theg
fung

EXH

_ s " e | ot : : -

ument_reference

.4.20 dependent_instantiation_for_functionally defined_transfarmatior

b rule enforces the requirement that the efitgtionally_defined_transformation,-that is not di
antiable, but that is not an intermediate supertype, shall not be allowed to’be directly instal

IOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforc
nclusion of these entities in the EXPRESS "USE FROM" declarations‘that are found at the beginr

dependent_instantiation_for_functionally _defined_transformationrule specifies that each inst
tionally_defined_transformation shall be referenced by ableast one instance of an entity.

PRESS specification

*

RUI
A
WH

W

ENI
(*

Arg

L[E dependent_instantiation_for_functionally _defined_transformation
OR (functionally_defined_transformation);

FRE

R1: SIZEOF (QUERY (fdt <* functionally, defined_transformation |
NOT (SIZEOF (USEDIN (fdt, ")) >=1 ))=0;

D_RULE;

Lment definitions

fun
tran

For

ctionally _defined_transformation: identifies the set of all instances dfinctionally defing
sformation.

mal propositions

WR
enti

1: Farteach instance d@inctionally_defined_transformation there shall be at least one instar]
ty that referencdsinctionally _defined_transformation.

ISO 10303-207:1999(E)

references

—4

rectly
ntiated.

ed by the non-
ing of 5.2.

ance of

bd_-

ce of an

5.2.4.21 dependent_instantiation_for_item_defined_transformation

This rule enforces the requirement that the emjtyhat is not directly instantiable, but that is not an

inte

rmediate supertype, shall not be allowed to be directly instantiated.
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NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2.

Thedependent_instantiation_for_item_defined_transformatiorrule specifies that each instancetem_-

defi

EXH

ned_transformation shall be referenced by at least one instance of an entity.

PRESS specification

)
RUI
F
WH

W

ENI
(*

Arg

L[E dependent_instantiation_for_item_defined_transformation
OR (item_defined_transformation);

FRE

R1: SIZEOF (QUERY (idt <* item_defined_transformation |
NOT (SIZEOF (USEDIN (idt, ")) >=1))) = 0;

D RULE;

Lment definitions

itenp_defined_transformatiorn identifies the set of all instancesitgim_defined_transformation

For

mal propositions

WR
refg

5.2

Thig
isn

)
i

The

sha|l be referenced by at least one instance of an entity.

EXH

1: For each instance i¢m_defined_transformationthere shall be at least one instance of an ¢
rencetem_defined_transformation

.4.22 dependent_instantiation- for_organization_role

b rule enforces the requirement that the eptiganization_role, that is not directly instantiable,
pt an intermediate supertype;.shall not be allowed to be directly instantiated.

IOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforc
nclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginr

dependent_instantiation_for_organization_rolerule specifies that each instancegjanization |

PRES S-specification

)

pntity that

put that

ed by the non-
ing of 5.2.

role

IL==A <l PR + rodt £ H 41 Il
RULI: UCTPTTIUTTIL_TriStaritaturi_1uT_uryaimZatlurn_Tuic

FOR (organization_role);
WHERE
WR1: SIZEOF (QUERY (o_r <* organization_role |

NOT (SIZEOF (USEDIN (0_r, ")) >=1))) = 0;

END_RULE;

(*
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Argument definitions

organization_role: identifies the set of all instancesarfyanization_role.

ISO 10303-207:1999(E)

For

Tat propositions

WR
org

5.4

Thi
inst

)
i

1: For each instance ofganization_role there shall be at least one instance of an entity-that
hnization_role.

4.23 dependent_instantiation_for_person_and_organization _role

5 rule enforces the requirement that the emiityson_and_organization \role that is not di
antiable, but that is not an intermediate supertype, shall not be allewed to be directly instal

IOTE - The correlative requirement that intermediate supertypes not bexdirectly instantiated is enforg
nclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginr

The dependent_instantiation_for_person_and_organization. roleule specifies that each instj
person_and_organization_roleshall be referenced by at’least one instance of an entity.
EXIPRESS specification
)
RULE dependent_instantiation_for_person_and’ organization_role
HOR (person_and_organization_role);

WHERE

WIR1: SIZEOF (QUERY (paor <* persom’ and_organization_role |

NOT (SIZEOF (USEDIN (paor, ").>=1))) = 0;

END_RULE;
(*
Argument definitions
person_and_organization_roleidentifies the set of all instancesp#rson_and_organization_role
Forjmal propositions
WRL: For'each instance person_and_organization_rolehere shall be at least one instance of an §
refgrenceperson_and_organization_role

references

rectly
ntiated.

ed by the non-
ing of 5.2.

hnce of

bntity that

5.2.4.24 dependent_instantiation_for_person_role

This rule enforces the requirement that the eptitygon_role that is not directly instantiable, but that is not

ani

ntermediate supertype, shall not be allowed to be directly instantiated.
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NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non-
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2.

The dependent_instantiation_for_person_rolerule specifies that each instancepefson_role shall be

refeg

rancad-bv.at laacst ana inctanca aof an antitv
LB~ orrerrotTer oo ety

EXH

ToCTT oy o TcTtot T TocT

PRESS specification

)
RUI
F
WH

W

ENI
(*

Arg

L[E dependent_instantiation_for_person_role
OR (person_role);

FRE

R1: SIZEOF (QUERY (pr <* person_role |
NOT (SIZEOF (USEDIN (pr, ") >=1))) =0;
D RULE;

Lment definitions

per

For

5on_role identifies the set of all instancespaErson_role

mal propositions

WR
per

5.4

Thig
not

N
Theg
be

EXH

1: For each instance gferson_role there shall be at least one instance of an entity that
5on_role

4.25 dependent_instantiation_for_tolerance value

b rule enforces the requirement that the emmitgrance_value that is not directly instantiable, bu
an intermediate supertypg,yshall not be allowed to be directly instantiated.

IOTE - The correlative regquirement that intermediate supertypes not be directly instantiated is enforc
hclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginr

dependent_instantiation_for_tolerance_valueule specifies that each instancealérance_value
eferenced\by at least one instance of an entity.

PRESS specification

references

that is

ed by the non-
ing of 5.2.

shalll

*

RULE dependent_instantiation_for_tolerance_value
FOR (tolerance_value);
WHERE
WR1: SIZEOF (QUERY (tr <* tolerance_value |

NOT (SIZEOF (USEDIN (tr, ")) >=1))) = 0;

END_RULE;
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(*

Arg

ument definitions

tole

rance_value identifies the set of all instancestoferance_value

ISO 10303-207:1999(E)

For

mal propositions

WR
tole

5.7
The
to g

Thi

EXH

1: For each instance tiflerance_valuethere shall be at least one instance of an entity that
rance_value

.4.26 executed_action_requires_approval
executed_action_requires_approvalule specifies that each instanceegécuted_actiorshall be re

5 rule specifies the need for evesecuted_actiorto have an an associated approval(s).

PRESS specification

*)
RUI
(e
WH
W

ENI

Arg

L[E executed_action_requires_approval FOR
ecuted_action, sheet_metal_approval_assignment),
FRE

R1: SIZEOF (QUERY (ea <* executed_action |

NOT (SIZEOF (QUERY (smaa <*
sheet_metal_approval_assignment |

ea IN smaa.items)) >=1))) = 0;

D_RULE;

Lment definitions

exe

she|
enti

For

cuted_actionidentifies-the set of all instancesesfecuted_actiorentities.

Pt _metal_approvab assignmentdentifies the set of all instancessbfeet_metal_approval_assig
fies.

mal propositions

WR

1 For each instance ekecuted_actionone or more related instances ofsheet_metal_appro

references

plated

ne or more instances of #yeproval entity by means of theheet_metal’ approval_assignmersntity.

hment

val_-

ass

gnmemntentity stattexist:

5.2.4.27 executed_action_requires_date_or_date_and_time

Theexecuted_action_requires_date_or_date_and_timele specifies that each instanceerécuted_action
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shall be related to exactly one instance ofitlie entity by means of theheet_metal_date_assignmeeintity,

or exactly one instance of tbate_and_timeentity by means of theheet_metal_date_and_time_assignment
entity. This rule specifies the need for everecuted actionto have exactly one associated date, and
optionally exactly one associated time.

EXIPRESS specification

*

RULE executed_action_requires_date_or_date_and_time FOR
(executed_action, sheet_metal_date assignment,
sheet_metal_date_and_time_assignment);

WHERE
WIR1: SIZEOF (QUERY (ea <* executed_action |

NOT (SIZEOF (QUERY (smda <* sheet_metal_date_assignment |

ba IN smda.items)) +

(SIZEOF (QUERY (smdata <* sheet_metal_date_and_time_assignment |

ba IN smdata.items))) =1))) = 0;

END_RULE;

Argument definitions

exefcuted_actionidentifies the set of all instancesexfecuted_actiorentities.
sheet_metal_date_assignmenidentifies the set of all instancesstfeet_metal_date assignmemntities.

shept_metal_date_and_time_assignmerittentifies the set of all instancesstfeet_metal_date_and_time_-
assjgnmententities

Formal propositions

WRJ1: For each instance ekeclted_actionexactly one instance of the relagdtbet _metal_date _assighment
entity or exactly one instanee of the relatbdet_metal_date_and_time_assignmeantity shall exisf .

5.4.4.28 executed action_requires_organization

Thg executed saction_requires_organizatiomule specifies that each instanceegécuted_actionshall be
reldted to eng or more instances of dinganization entity by means of theheet_metal_organization_-
assjgnment-entity. This rule specifies the need for evexyecuted actionto have an assgciated
organization(s).

214


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

EXPRESS specification

*

RULE executed_action_requires_organization FOR
(executed_action, sheet_metal_organization_assignment);
WHERE

W

1-_ 170 Iﬁl |l AVANF2VN

ENI

Arg

X P~ 0
A S ) pan mm W | A"A4 =LAV I\ e UI\U\JUI.U\.I (A\JLIUII'

NOT (SIZEOF (QUERY (smoa <*
sheet_metal_organization_assignment |
ea IN smoa.items)) >=1))) = 0;
D_RULE;

Lment definitions

exe

she
ass

For

cuted_actionidentifies the set of all instanceseofecuted_actiorentities:

gnmententities.

mal propositions

WR
ass

5.4

The
unc
ang
eler

EXH

gnmententity shall reference it.
4.29 global uncertainty _assigned: context_constraint

global_uncertainty _assigned_context, constraintule enforces the requirement that the ety
prtainty_assigned_contexbe associated with information concerning the maximum linear and
ular distance between two elements in a product_definition_shape or shape_aspect und
hents may still be considered, to be coincident.

PRESS specification

)

RUL

FO
WH
W

W

E global_uncertainty assigned_context_constraint

R (global_unceftainty _assigned_context);

FRE

R1: SIZEOE\(QUERY (guac <* global_uncertainty _assigned_context |
NOT (SIZEOF (guac.uncertainty)=2)))=0;

R2: SIZEOF (QUERY (guac <* global_uncertainty_assigned_context |
NOT ((SIZEOF (QUERY (x <* guac.uncertainty |

ISO 10303-207:1999(E)

et _metal_organization_assignmenidentifies the set of all instances siieet_metal_organization_-

1: For each instance ekecuted_actionone or more related instances ofsheet_metal_organization_-

al_-
maximum
er which those

'SHEET_METAL.LENGTH_UNIT' IN TYPEOF (x.unit_component)))=1) AND

(QI 2N /AL I/

|
OIZLUT (JULINT )\ yuav. UIILCILGUIIL

'SHEET_METAL.PLANE_ANGLE UNIT' IN TYPEOF (x.unit_component)))=1)
))=0;

END_RULE;

(*
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Argument definitions

©I1SO

global_uncertainty_assigned_contextthe set of all instances of thbal_uncertainty _assigned_context
entity.

For

Tt propositions

WR

WR
plar

5.4

Theg
refe
enti

EXH

1: Eachglobal_uncertainty_assigned_contexshall have exactly two elements in its semts.

2: Eachglobal_uncertainty _assigned_contexshall have exactly onkength_unithiand exactl
e_angle_unitin its set of unit_components via its set of uncertainties.

.4.30 process_plan_requires_product_definition

rence to at least one instance optieeluct_definition entity through theheet_metal_action_assig
y.

PRESS specification

*

RUI

L[E process_plan_requires_product_definition FOR

(pnocess_plan, sheet_metal_action_assignment);

WH
W

ENI
(*

Arg

FRE

R1: SIZEOF (QUERY (pp <* process_plan }

NOT (SIZEOF (QUERY ( smaa <* sheet “metal_action_assignment |
(smaa\action_assignment.assigned_aetion :=: pp\action) AND
(SIZEOF (QUERY (i <* smaa.items|\SHEET_METAL.' +
'PRODUCT_DEFINITION' IN TYPEOF(i))) >=1))) = 1))) = 0;
D_RULE;

Lment definitions

pro

she|

For

cess_plan:identifies the set of all instancespybcess_planentities.
Pt _metal_action_assignmenidentifies the set of all instancessbfeet_metal_action_assignmernt

mal propositions

y one

process_plan_requires_product_definitiorrule specifies that each.jnstanceguodcess_planshall make

nment

ties.

WRZ%Foreactrinstance process_planrthere stattbeat feast one mstancepftatuct _definitiomentity

that relates to it by means of thigeet_metal_action_assignmermntity.

5.2.4.31 product_definition_formation_requires_date_or_date_and_time
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Theproduct_definition_formation_requires_date_or_date_and_timerule specifies that each instance of
product_definition_formation shall be related to at exactly one instance otlétte entity by means of the
sheet_metal _date_assignmermntity, or exactly one instance of tiigte _and_timeentity by means of the
sheet_metal_date_and_time_assignmeaitity. This rule specifies the need for evergduct_definition_-
formation to have exactly one associated date, and optionally exactly one associated time.

EXH

PRESS specification

*

RUI

L[E product_definition_formation_requires_date_or_date_and_time FOR

(product_definition_formation, sheet_metal_date_assignment,

WH
W

sheet_metal _date_and_time_assignment);
FRE
R1: SIZEOF (QUERY (pdf <* product_definition_formation |
NOT (SIZEOF (QUERY (smda <* sheet_metal_date_assignment |
pdf IN smda.items)) +
(SIZEOF (QUERY (smdata <* sheet_metal_date_and_time_assignment |
bdf IN smdata.items))) =1))) = 0;

ties.

ties.

tal_-
htity

ince of

END_RULE;

(*

Argument definitions

progluct_definition_formation: identifies the set of alkinstancespybduct_definition_formation ent
sheet_metal_date_assignmenidentifies the set.@f all instancesstfeet_metal_date_assignmeenti
shept_metal_date_and_time_assignmerittentifies the set of all instancesstfeet_metal_date_and_time_-
assjgnmententities

Forjmal propositions

WRJ1: For each instance pfoduct_definition_formation exactly one related instance of #ieet_me
dat¢_assignmengentity or exactly one instance of the relasbdet_metal_date_and_time_assignmes
sha]l exist .

5.4.4.32 preduct_definition_formation_requires_product_definition

Theg product_definition_formation_requires_product_definition rule specifies that each inst3
progluct “definition_formation shall be referenced by at least one instangeaaiuct_definition. This

rule

f, nnnnn tha racn nramannt £Ar Ay Arict Aafinitians favnatian o hhovsin A Ay ey Aafia iAo
en UrevCco UiIc i Cqull CIrrreTrit 1ul CV(F‘I}JUU\.;L ucImnmaunt TUTTTIAUTVUTT TU TTIAVO UINTC UT 1TT1IUTC UcTITiniiaurlio.

EXPRESS specification

*

RULE product_definition_formation_requires_product_definition FOR
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(product_definition_formation, product_definition);
WHERE
WR1: SIZEOF (QUERY (pdf <* product_definition_formation |
NOT (SIZEOF (QUERY (pd <* product_definition |
pdf :=: pd.formation )) >=1))) = 0;
END_RULE;
(*

Argument definitions

progluct_definition_formation: identifies the set of all instancespybduct_definition_formation entjties.
profluct_definition: identifies the set of all instancesprbduct_definition entities.

Formal propositions

WRJ: For each instance pfoduct_definition_formation, there shall be.ong or more instancegrofiuct_-
defipition that contains &ormation attribute value equal to that instanceuaiduct_definition_formatjon .

5.4.4.33 product_requires_product_definition “formation
Thegproduct_requires_product_definition_formation rule,specifies that each instancepadduct shall be
refdrenced by at least one instancprofduct_definition‘formation. This rule enforces the requirement for

evely product to have one or more versions.

EXIPRESS specification

*

RULE product_requires_product_definition_formation FOR
(product, product_definition_formation);
WHERE
WIR1: SIZEOF (QUERY (p <*product |
NOT (SIZEOF (QUERY (pdf <* product_definition_formation |
p :=: pdf.of_product ))>="1))) =0;
END_RULE;

Argument definitions

profluct; sidentifies the set of all instancesprbduct entities.

ities.

pro¢

Formal propositions

WR1: For each instance pfoduct, there shall be one or more instancegrofiuct_definition_formation
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that contains anf_product attribute value equal to that instancepadduct.

5.2.4.34 product_requires_product_type

Theproduct_requires_product_type rule specifies that afiroducts shall be associated with exactly one
instance of th@roduct_type entity.

EXIPRESS specification

*
)
RULE product_requires_product_type FOR (product, product_type);
WHERE
WIR1: SIZEOF (QUERY (p <* product |
NOT (SIZEOF (QUERY (pt <* product_type |
SIZEOF (p IN
pt\product_related_product_category.products) = 1))
=1))=0;
END_RULE;

Argument definitions

profluct: identifies the set of all instancesprbduct entities.
profluct_type: identifies the set of all instancesmrbduct_type entities.

Formal propositions

WR1: For each instance pfoduct, there shall be exactly one instancemfduct_type.

5.4.4.35 restrict_assembly _component_usage _substitute

Therestrict_assembly _component_usage_substitutale specifies that the twassembly _component_jsage
instiinces that are related shall be of the qyamtified_assembly _component_usagend theproduct_types
in thebaseandsubstjtdte assembly _component_usageshall have the same name.

EXIPRESS specification

*
)
RUL Erestrict_assembly _component_usage_substitute FOR
assembly component usage substitute product type).
WHERE
WR1: SIZEOF (QUERY (acus <* assembly _component_usage_substitute |
NOT ((SHEET_METAL.QUANTIFIED_ASSEMBLY_COMPONENT_USAGE'
IN TYPEOF (acus.base)) AND
('SHEET_METAL.QUANTIFIED_ASSEMBLY_COMPONENT_USAGE'
IN TYPEOF (acus.substitute))))) = O;
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WR2: SIZEOF (QUERY (acus <* assembly _component_usage_substitute |
product_type_of product
(acus.base.relating_product_definition.formation.of product,

product_type)

.name = product_type_of product
(acus.substitute.relating_product_definition.formation.of product,
product_type)

ENI
(*

Arg

name ));
D RULE;

Lment definitions

ass
sub

pro

For

embly _component_usage_substitutigtentifies the set of all instancesagfsembly. ‘component_ug
Stitute entities.

juct_type: identifies the set of all instances of theoduct_type entity:

mal propositions

WR
ass

WR
ass

5.4

Theg
for

"

EXH

completion date", "order date*,“'preliminary review date", "start date" or "request date".

1: For each instance of thassembly component_usage. substitutity, thebase andsubst
embly _component_usageshall be of the typguantified.assembly _component_usage

2: For each instance of thassembly component_usage_substituatity, thebase andsubst
Embly _component_usageshall have the sarpeoduct_type.name

.4.36 restrict_date_role

restrict_date_role rule specifies the permitted roles ftate entities. This rule enforces the req

non "non

the roles ofdate entities to be "creation date", "revision date", "review date", "production Y

PRESS specification

*

RUL
(dé
WH
w

LE restrict_date \role FOR

ite_role);

FRE

R1: SIZEOF (QUERY (dr <* date_role |

NOT{(dr.name IN ['creation date', 'revision date', 'review date',
‘production year date', '‘completion date’, ‘order date’,

SO

age_-

tute

tute

lirement
ear date",

‘preliminary review date', 'start date’, 'request date'))) = 0;

EN
(*

Arg

RULE;

ument definitions
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date_role: identifies the set of all instancesdzte_role entities.

Formal propositions

WR1: For each instance of thdate_role thename attribute shall have a value of "™creation date", "revision

dat¢*“review date*; " ‘comptetiondate”,order date”,“pretminary Teview date”,~“productionmyear flate”, "start
dat¢", or "request date".

Attribute value definitions

creation date: identifies the date when either a definition of a design or process plan comes int¢ existence.
revision date: identifies the date when the definition of a design is revised.

review date: identifies the date that a process plan has gone through.a-review.
completion date:identifies the date when a piece of work is scheduled to be completed.
order date: identifies the date when work is ordered.

prelminary review date: identifies the date when a piece of work has undergone or is scheduled to undergo
a rgview that is designed to monitor progress on work that is not yet complete.

progluction year date: identifies the year in which a product goes into production.
starft date: identifies the date when work.is scheduled to begin.

regliest date:identifies the date that work was requested.

5.4.4.37 restrict_date’ time_role

Therestrict_date_time-rolerule specifies the permitted roles ftate_and_timeentities. This rule enforces

the requirement for the roles déte_and_timeentities to be "creation date", "revision date", "revigw date",

"praoduction yearidate", "completion date", "order date", "preliminary review date", "start date"| or "request
date".

EXIPRESS specification

*

RULE restrict_date time_role FOR
(date_time_role);
WHERE
WR1: SIZEOF (QUERY (dtr <* date_time_role |
NOT (dtr.name IN ['creation date’, 'revision date’,
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‘review date’, 'completion date’, 'order date’,
‘preliminary review date', 'start date’, 'request date'))) = 0;

END_RULE;

(*

Arg

ument definitions

©I1SO

date¢_time_role:identifies the set of all instancesdzite_time_roleentities.

For

mal propositions

WR1: For each instance of thdate_time_role thename attribute shall have a value of "creatio

n

re

n

Attr

non non non non non

bute value definitions

cregtion date: identifies the date when either a definition of a design or process plan comes int

revi

revi

sion date: identifies the date when the definition of a design is revised.

ew date: identifies the date that a process plan has’gone through a review.

completion date:identifies the date when a piecesof work is scheduled to be completed.

ord

br date: identifies the date when work is-ordered.

preliminary review date: identifies the date when a piece of work has undergone or is schedule
a rgview that is designed to monitor progress on work that is not yet complete.

starft date: identifies the date when work is scheduled to begin.

req

lest date:identifieS.the date that work was requested.

5.4.4.38 restrict_organization_role

Thgrestriet:organization_role rule specifies the permitted roles fimganization entities. This rule en

the

Source—

Fegquirement for the rolesaiganization entities to be "design supplier", "effector", "implementor

non

n date",

ision date", "review date", "completion date", "order date", "preliminary.feview date", "start date", or
request date".

D existence.

] to undergo

forces

[T

, "order

nlant" _and "sunplier"
10 T P
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EXPRESS specification

*

RULE restrict_organization_role FOR
(organization_role);

ISO 10303-207:1999(E)

WHERE
W \1 S:ZEC:_ IQUER\I/ (U r = urgunil__'uuull IU:C i
NOT (o_r.name IN ['design suppller effector 'implementor’,
order source’, ‘plant’, 'supplier’]))) =
END RULE;
|
Argument definitions
orgg@nization_role: identifies the set of all instancesarfjanization_role entities.
Formal propositions
WRJ1: For each instance of tharganization_role, thename attributeshall have a value of "design s
"implementor", "supplier", "order source", or "effector".
Attrjbute value definitions
desjgn supplier:identifies the organization responsible for supplying a design.
impJementor: identifies the organization responsible for implementing a change order.
supplier: identifies the organization responsible for supplying work based on a contract or internal
order source: identifies the internal organization that created a work order.
effeictor: identifies the organization responsible for making sure that a work order is carried out.
5.4.4.39 restrictperson_role
Tha restrict_person_role rule specifies the permitted roles fperson entities. This rule enforg

reglirement £0r the roles personentities to be "designer",

EXH

implementor”, "purchaser” or "work r¢g

PRESS specification

Lipplier”,

work order.

es the
guestor".

*

RULE restrict_person_role FOR
(person_role);

WHERE
WR1: SIZEOF (QUERY (pr <* person_role |
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NOT (pr.name IN ['designer’, 'implementor’, ‘purchaser’,

‘work requestor))) = 0;

END_RULE

(*

Argument definitions

©I1SO

per

For

son_role: identifies the set of all instancesp#rson_roleentities.

mal propositions

WR

1: For each instance of thgerson_role the name attribute shall have a‘value of "de

non

"implementor”, "purchaser" or "work requestor".

Attr

bute value definitions

des
imp
pur
wor
5.4

The

igner: identifies the person responsible for creating a design.
ementor: identifies the person responsible for implementing a change order.
chaser: identifies the person responsible for procuring-services of a supplier.

k requestor: identifies the person that makes a request for work to be done.

.4.40 restrict_person_and_organization_role

restrict_person_and_organization_relerule specifies the permitted roles figrson_and_organiz

entities. This rule enforces the requirement for the rolgeigon_and_organizationentities to be

owr|

EXH

er', "planner” or "implementor”.

PRESS specification

)
RUI

LE restrict_persen -and_organization_role FOR

(person_and_organization_role);

WH
W

ENI

FRE

R1: SIZEOF (QUERY (paor <* person_and_organization_role |
NOT (paoer.name IN ['data owner’, 'planner’,

'implementor’))) = 0;

D RULE;

signer”,

ation
"data

(*

Arg

ument definitions

person_and_organization_roleidentifies the set of all instancespErson_and_organization_roleentities.
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For

mal propositions

ISO 10303-207:1999(E)

WRZ1: For each instance of theerson_and_organization_role thename attribute shall have a value of

"data owner", "planner” or "implementor".

Attr

fhute-vatuedefimitions

dat@ owner: identifies the person within an organization who owns design or process plafnning

planer: identifies the person within an organization who is responsible for creatingjaprocess

imp
5.2

The
pro

EXH

ementor: identifies the person within an organization who is responsible for implementing a c

4.41 restrict_product_definition_context

restrict_product_definition_context rule specifies the permittedvalues for lifee_cycle_stage
juct_definition_context.

PRESS specification

*

RUI

(product_definition_context);

WH
W

LE restrict_product_definition_context FOR

FRE

R1: SIZEOF (QUERY (pdc <* product_definition_context |
NOT ((pdc.life_cycle_stage = 'design’) OR
(pdc.life_cycle_stage = 'in process’) OR
(pdc.life_cycle_stage = "as physically:modelled’) OR
(pdc.life_cycle_stage = 'as design‘censtrained'))) = 0;

nformation.
plan.

hange order.

of a

| value

I(E*N[)_RULE;

Argument definitions

profluct_definition_cemtext: identifies the set of all instancesprbduct_definition_context entities.
Formal propositions

WRJ1: Eoreach instance of theroduct_definition_context, thelife_cycle_stageattribute shall have &
of "design","in process","as physically modelled", or "as design constrained".

Attribute value definitions

design: design of an item in the final form it will take before any assembly operations
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in process:design of an item in any form it takes prior to the final pre-assembled form

as physically modelleddesign of an item as represented by a physical object

SO

as design constraineddesign of an item after accounting for constraints imposed by designs of other items

5.2

The
are

\
g

EXH

.4.42 restrict_guantified_assembly _component_usage

restrict_quantified_assembly _component_usagelle specifies that the twaroduct_definitions

IOTE - A part can only substutite for another part, a die component can ortljuseltigr_another die comg
t cetera.

PRESS specification

*
RUI

(au
WH
W

(qa
(qa
ENIL
(*

Arg

LE restrict_quantified_assembly _component_usage FOR
antified_assembly _component_usage, product_type);

FRE

R1: SIZEOF (QUERY (gacu <* quantified_assembly _component_usage |
product_type_of product
cu.relating_product_definition.formation.of productyproduct_type).name =
product_type of product
cu.related_product_definition.formation.of_product, product_type).name ));
D_RULE;

Lment definitions

qua

component_usageentities.

pro

For

ntified_assembly_component:usageidentifies the set of all instances qbiantified_assem

juct_type: identifies:the set of all instances of tpeoduct_type entity.

mal propositions

WK
cor

1. For<each instance of theguantified_assembly_component_usagentity, the product ty
esponding to the two relatptbduct_definitions shall have the same name.

that

related by thguantified _assembly _component_usagentity shall be of the sanpeoduct_type.name

onent,

ply -

pes

5.2

A AD 4 £ | los
A.40 odIlle _type 10U TeldUUTISTITPS

The same_type_for_relationshipsrule specifies that twproduct_definitions taking part in an assembly
component, mating or symmetrical relationship by means girduict_definition_relationship entity shall
be of the samproduct_type.name
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EXPRESS specification

*

RULE same_type_for_relationships FOR

(pr

oduct_definition_relationship, product_type);

WHERE

1. Cl7Z N\ (LI DN, (ol X nradl o

W

WL, JILU1T \\(UI_I\ T \'JUI |J|uuuut_ucfinitiun_rclatiunohip i
NOT ((pdr.name <> 'assembly component'

AND pdr.name <> 'mating’ AND pdr.name <> 'symmetrical’)

OR (pdr.name IN ['assembly component’, ‘mating’, 'symmetrical’]
AND (product_type_of product
(pdr.relating_product_definition.formation.of product,
product_type).name =

broduct_type_of product
(pdr.related_product_definition.formation.of _product,
product_type).name ))))) = 0;

END RULE

(*

Argument definitions

profuct_definition_relationship: identifies the set of all instances pifoduct_definition_relation
entities.

profluct_type: identifies the set of all instances of tpeoduct_type entity.

Formal propositions

WRJ1: For each instance of theoduct_definition_relationship entity that represents a mating or syn
reldtionship, the@roduct_types corresponding to the two relatgduct _definitions shall have the
name.

5.4.4.44 subtype mandatory for shape representation

Thg subtype_mandatory for_shape representation rule specifies that each instan
shgpe_representatiorshall be an instance of one of its subtypelsranced_brep_shape_represen
faceted_brep_shape’ representatioesg_shape_representatigrgeometrically _bounded_surface_sh
repfesentation edge_based_wireframe_shape_representation shell_based_wireframe_sh
repfesentation/geometrically_bounded_wireframe_shape_representatioror manifold_surface_shd

repfesentation This rule enforces the ARM requirement that shape_representations K
catgégorizations of their subtypes.

ISO 10303-207:1999(E)

5hip

metrical
same

ce of
lation

ape_-

ape_-

\pe_-

e complete

EXPRESS specification

*

RULE subtype mandatory for_shape_representation FOR (shape_representation);
WHERE
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WR1: SIZEOF ( QUERY (sr <* shape_representation |

END_

(*

Arg

NOT ( SIZEOF ( [SHEET_METAL.ADVANCED_BREP_SHAPE_REPRESENTATION,
'SHEET_METAL.FACETED_BREP_SHAPE_REPRESENTATION/,
'SHEET_METAL.CSG_SHAPE_REPRESENTATION!,
'SHEET_METAL.GEOMETRICALLY_BOUNDED_SURFACE_SHAPE_REPRESENTATION!,
'SHEET_METAL.EDGE_BASED_ WIREFRAME_SHAPE_REPRESENTATION',

'SHEET METAL.SHELL BASED WIREFRAME_SHAPE REPRESENTATION!,

©I1SO

SHEET METAL.GEOMETRICALLY BOUNDED_ WIREFRAME SHAPE REPRESENTATION,
SHEET_METAL. MANIFOLD SURFACE_SHAPE_REPRESENTATIONT)
*(TYPEOF(sr))-l)))

RUL

Lment definitions

shape_representationidentifies the set of all instancessbfape_representatiorentities.

For

mal propositions

WR1: Each instance afhape_representationshall be an instafce of eithadvanced_brep_sh
repfesentation faceted_brep_shape_representatioiesg_shapelsepresentatigrgeometrically _bound
surface_shape_representatigredge_based_wireframe_shape_representatioshell_based_wirefral
shape_representationgeometrically_bounded_wireframe_shape_representatiomor manifold_surfal
shape_representation

5.4.4.45 subtype mandatory work: order

Thgsubtype_mandatory_work_orderrule'specifies that each instancenafrk_order shall be an in:

ofc
new

EXH

hange_orderor start_order. This-rule enforces the requirement that work orders must be fo
item or changing an existing one.

PRESS specification

)

RUL

WH
W

ENI
(*

E subtype_mandatery_work_order FOR (work_order);

FRE

R1: SIZEOF ((QUERY (wo <* work_order |

NOT ('SHEET METAL.CHANGE_ORDER' IN TYPEOF (wo0)) AND
NOT (‘SHEET_METAL.START_ORDER' IN TYPEOF (w0))))) = 0;

D _RULE:

hpe_-
ed_-

me_-
Ce -

stance
I starting a

Arg

ment defimtions

work_order: identifies the set of all instanceswbrk_order entities.

For

mal propositions
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WRZ1: Each instance afiork_order shall be an instance of eithgvange_orderor start_order.

5.2.4.46 work request_requires_date or date and time

ISO 10303-207:1999(E)

Thework _request_requires_date_or_date_and_timeule specifies that each instancevefsioned_action_-

req
ass
time
dat

EXH

gnment or exactly one instance of tHate_and_timeentity by means of theheet_metal_date
assignment This rule specifies the need for eveeysioned_action_requesto have exactly ohe
p, and optionally exactly one request time, specified.

PRESS specification

*

RUI
(ve
sh
WH
W

ENI

Arg

L[E work_request_requires_date_or_date_and_time FOR
rsioned_action_request, sheet_metal_date_assignment,
eet_metal_date_and_time_assignment);

FRE

R1: SIZEOF (QUERY (varqg <* versioned_action_request |

NOT (SIZEOF (QUERY (smda <* sheet_metal_date_assignmeént |

arg IN smda.items)) +

SIZEOF (QUERY (smdata <* sheet_metal _date_and_timexassignment |
barg IN smdata.items)) =1))) = 0;

D_RULE;

Lment definitions

ver

she

she|
ass

For

bioned_action_requestidentifies the set of all instanceswarsioned_action_requesentities.

et_metal_date_assignmenidentifies the set of all instancessabfeet_metal_date_assignmeinti

gnmententities

mal propositions

WR
ass
exis

1: For eachsinstance wérsioned_action_requestexactly one related instance of gieet_metal_d
gnmententity or exactly one related instance ofgheet_metal_date_and_time_assignmeantity
t.

liest shall be related to exactly one instance ofdae entity by means of theheet_metal_dFte_-

nd_-
equest

ties.

et_metal_date_and_time-assignmeiittentifies the set of all instancesstfeet_metal_date_and_time_-

ate -
shall

5.24 47 work retquest_reqtires—_person

Thework_request_requires_persorrule specifies that each instancerefsioned_action_requesshall be
related to one or more instances offiaesonentity by means of theheet_metal_person_assignmeentity.
This rule specifies the need for evergrsioned_action_requesto have an individual(s) who is the work
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requestor. The meaning of work requestor is found ipéhgon_assignment

EXPRESS specification

*

RU

SO

(ve

WHERE
WIR1: SIZEOF (QUERY (varg <* versioned_action_request |

END_RULE;

Arg

E work request requires person FOR
rsioned_action_request, sheet_metal_person_assignment);

NOT (SIZEOF (QUERY (smpa <* sheet_metal_person_assignment |
varg IN smpa.items)) >=1))) = 0;

Lment definitions

ver

she
enti

For

Sioned_action_requestidentifies the set of all instanceswarsioned..action_requesentities.

et_metal_person_assignmentdentifies the set of all instancCes sifieet_metal_person_assig
fies.

mal propositions

WR
per

5.2
5.4

Thq
inst]

EXH

1: For each instance @Ersioned_action_requestoene or more related instances of sheet_mg
Eon_assignmenentity shall exist.

.5 Sheet Metal function definitions

.5.1 product_type of preduct

product_type_of product function determines thproduct_type instance associated with
ance of th@roduct entity:

PRESS specification

*

FUN

RE

ICTION proeduct_type_of product
(prod.product ; types : SET [1:?] OF product_type )
. preduct_type;

nment

tal_-

b given

PEAT i := 1 TO HIINDEX (types);

IFprod TN types[i[\product_related_product_category.proaucts
THEN RETURN (types]i]);

E

ND_IF;

END_REPEAT;

END_FUNCTION,;

(*
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Argument definitions

prod: identifies the inpuproduct instance for which thproduct_type will be determined.

types: identifies the set of all instances pfoduct_type entities.

5.

Thgsheet_metal_date_correlatiomboolean function returns true if thame attribute value-of. thdate |

entity is coordinated with the type of entity selected iritdras of thesheet_metal_date ‘assignmeetptity.

EXIPRESS specification

4.5.2 sheet_metal _date correlation

EXAMPLE 45 - If the role of alate is 'creation’ then all of thtems in thesheet _metal) date_assignmer
Reproduct_definition or process_planentities.

")

FUNCTION sheet_metal date correlation
(e sheet_metal_date_assignment ) : BOOLEAN;
LQCAL

END_LOCAL;
dt [role := e\date_assignment.role.name;
CASE dt_role OF

di_role : label;

dreation' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF('SHEET_METAI() +
'PRODUCT_DEFINITIQN",
'SHEET_METAL.PROCESS_PLANT *
TYPEOF (x)) = 1))
THEN RETURN: (FALSE);
END_IF;
revision' . IF SIZEOF (e.items) <>
SIZEOF(QUERY (x <* e.items |
'SHEET, METAL.' +
'PRODUCT_DEFINITION'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
review' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PROCESS_PLAN'
IN TYPEOF (x)))

ISO 10303-207:1999(E)

role

shall

THEN RETURN (FALSE);

END_IF;

'‘production year' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PRODUCT_CONCEPT'

IN TYPEOF (x)))
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THEN RETURN (FALSE);
END_IF;

‘completion’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

drder' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

greliminary review' : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

gtart' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

request’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'VERSIONED_ACTION: REQUEST'
IN TYPEOF (x)))

THEN RETURN. (FALSE);

END_IF;

JTHERWISE : RETURN (TRUE);

END_CASE;

END_FUNCTION;

(*

Argument definitions

e: identifies thelinpusheet_metal_date_assignmemb be checked.

5.4.5:3" sheet_metal _document_correlation

The sheet_metal_document_correlatiorboolean function returns true if theoduct_data_type attribute
value of thedocument_typeentity is coordinated with the type of entity selected iritdms of thesheet_-
metal_document_referenceentity.
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EXAMPLE 46 - If the type of @locumentis 'die layout' then all of thigems in thesheet_metal_document_-
referenceshall beproduct_definition entities.

EXPRESS specification

*
)
FUNCTION sheet_metal _document_correlation
(e | sheet_metal_document_reference ) : BOOLEAN;
LQCAL
dpc_type : label;
END_LOCAL;
dof_type := e\document_reference.assigned_document.kind.product_data_type;
CASE doc_type OF
die layout' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PRODUCT_DEFINITION'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
die structure' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PRODUCT_DEFINITION'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
dattern casting' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.itemsd
'SHEET_METAL.' +
'PRODUCT_DEFINITION!
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
dress' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PRODUCT_DEFINITION'
IN TYPEOF (x)))
THENRETURN (FALSE);
ENDVTF;
enerating systemyirformation' : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PROCESS_PLAN'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
pplinnhln standards' . |E SIZEQE (n irnmc) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;

(o]
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OTHERWISE : RETURN (TRUE);
END_CASE;
END_FUNCTION,;

(*

Argument definitions

©I1SO

of the
tal_-

ptal -

e: identifies the inpusheet_metal_document_referencem be checked.
5.4.5.4 sheet_metal_organization_correlation
Thgsheet_metal_organization_correlatiorboolean function returns true if thameattribute value
orgpnization_role entity is coordinated with the type of entity selected initdras of thesheet_mg
orgg@nization_assignmenientity.
EXAMPLE 47 - If the role of arorganization is 'design supplier' then all-of tlitlems in thesheet_me
gQrganization_assignmenshall beproduct_definition entities.
EXIPRESS specification
)
FUNCTION sheet_metal_organization_correlation
(e | sheet_metal_organization_assignment ) : BOOLEAN;
LQCAL
o] role : label,
END_LOCAL;
0_[ole := e\organization_assignment.role.name;
CASE o _role OF
‘design supplier' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (X&* e.items |
'SHEET_METAL."+
'PRODUCT_DEFINITION'
IN TYPEOF{(X)))
THEN RETURN (FALSE);
END_IE;
'implementor’ IR SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL."' +
'EXECUTED_ACTION'
IN TYPEOF (X)))
THEN RETURN (FALSE);
END_IF;
'qupplier . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF ([SHEET_METAL." +
CONTRACT, SHEET_METAL. +
'EXECUTED_ACTION" *
TYPEOF (x))=1))
THEN RETURN (FALSE);
END_IF;
‘order source' . IF SIZEOF (e.items) <>
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'SHEET_METAL.' +

'EXECUTED_ACTION'

IN TYPEOF (x)))

THEN RETURN (FALSE);
END_IF;

‘effector’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SHEET_METAL. +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

JTHERWISE : RETURN (TRUE);
END_CASE;

END_FUNCTION;

(*

Argument definitions

e: identifies the inpusheet_metal_organization_assignmenb be checked.

5.4.5.5 sheet_metal person_correlation
Thgsheet_metal _person_correlatiofoolean function returns true if thame attribute value of thperspn_-
rolel entity is coordinated with the type of entity selected iritémas of thesheet_metal_person_assignment

entify.

EXAMPLE 48 - If the role of gersonis 'designer’ then all of theems in thesheet_metal_person_assignment
ghall beproduct_definition entities.

I

EXIPRESS specification

*

FUNCTION sheet_metal person-correlation
(e | sheet_metal_person_assignment ) : BOOLEAN,;
LQCAL

p| role : label;

END_LOCAL;

p_fole := e\persofassignment.role.name;

CASE p_role GF

designer' . IF SIZEOF (e.items) <>

SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PRODUCT_DEFINITION'

IN TYPEOF (x)))

THEN RETURN (FALSE);

END_IF;

'implementor’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'
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IN TYPEOF ()))
THEN RETURN (FALSE);
END_IF;

'purchaser' . IF SIZEOF (e.items) <>

SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'CONTRACT'

©I1SO

G
EN
ENI

(*
Arg

IN TYPEOF (X))
THEN RETURN (FALSE);
END_IF;
ork requestor' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'VERSIONED_ACTION_REQUEST'
IN TYPEOF (x)))
THEN RETURN (FALSE);
END_IF;
THERWISE : RETURN (TRUE);
D_CASE;
D_FUNCTION;

Lment definitions

el g

5.4

Theg
valy
of t

B
f

EXH

entifies the inpusheet_metal_person_assignmeid bechecked.

5.6 sheet_metal _person_and_organization_correlation
sheet_metal_person_and_organization_correlationoolean function returns true if thame attr
e of theperson_and_organization_roleentity is coordinated with the type of entity selected int
hesheet_metal_person_and_organization_assignmegntity.

EXAMPLE 49 - If the role of gersen ‘and_organizationis 'data owner' then all of thtems in thesheet_mg
erson_and_organization_assighmerghall either b@roduct_definition or process_planentities.

PRESS specification

*)
FUN
(e
LQ

p
EN

p_prg_role := e\person_and_organization_assignment.role.name;

CA

ICTION sheetymetal _person_and_organization_correlation
sheet_metaliperson_and_organization_assignment ) : BOOLEAN;
CAL

| org_ralesabel;

D_LOEAL;

bute
Hras

ptal -

SE)p org role OF

a

ata owner' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF ([[SHEET_METAL.' +
'PRODUCT_DEFINITION',
'SHEET_METAL.PROCESS_PLAN1 *
TYPEOF (x)) = 1))
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THEN RETURN (FALSE);
END_IF;

‘planner’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'PROCESS_PLAN'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

implementor’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'SHEET_METAL.' +
'EXECUTED_ACTION'

IN TYPEOF (x)))
THEN RETURN (FALSE);

END_IF;

JTHERWISE : RETURN (TRUE);

END_CASE;

END_FUNCTION;

(*

Argument definitions

e: identifies the inpusheet_metal_person_and_organization. assignmetat be checked.

%)
END_SCHEMA; -- sheet _metal
(*
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6 Conformance requirements

©I1SO

Conformance to this part of ISO 10303 includes satisfying the requirements stated in this part, the requirements
of the implementation method(s)ported, and the relevant requirements of the normative references.

An

Req

The
opt

N
]

Thig
opti
Cor
by ¢
clag
Suq

The

mplementation shall support at least one of the tollowing iImplementatidioaset
— ISO 10303-21;
— ISO 10303-22.

uirements with respect to implementation methods are specified in annex 'C.

ons that may be included in the implementation. The PICS proforma is provided in annex

0303-32:—2 describes the conformance assessment process.

b part of ISO 10303 provides for a number of options that maypgmoded by an implementation.
pns have been grouped into the following conformangée classes. Fourteen conformance class
formance to this part of ISO 10303 requires, as @ minimum, conformance to class 1. Optio
lasses 2 through 14 and may be selected by @n implementation. Conformance to a particuld
S requires that all AIM entities, types and associated constraints defined as part of that clas
port for a particular conformance class-tequires support of all the options specified in this
conformance classes are characterized as follows:

— Class 1: Product management (PM) and identification information without shape;

— Class 2: Class 1 dnd sheet metal part process plan data without shape;

— Class 3: Class-1 and shapes represented by topologically bounded wireframe models;

— Class 4:,Class 1 and shapes represented by geometrically bounded wireframe and surfg

— Class 5: Class 1 and shapes represented by manifold surface models with topology;

Protocol Information Conformance Statement (PICS) proforma lists the options or the combinations of

D.

IOTE - ISO/TR 10303-307:2- defines the abstract test suite to-bé used in the assessment of conformance. 1SO

These

ses are defined.
ns are defined
r conformance
5 be supported.
class.

hce models;

— Class 6: Class 1 and shapes represented by faceted boundary representation;

Yo be published.
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— Class 7: Class 1 and shapes represented by advanced boundary representation;

— Class 8: Class 1 and shapes represented by constructive solid geometry;

— Class 9: Class 2 and shapes represented by topologically bounded wireframe models;

ISO 10303-207:1999(E)

Cla
14,
imp
Con
inT|
that

— Class 10: Class 2 and shapes represented by geometrically bounded wireframe and-sur]
— Class 11: Class 2 and shapes represented by manifold surface models with topology;

— Class 12: Class 2 and shapes represented by faceted boundary representation;

— Class 13: Class 2 and shapes represented by advanced boundary representation;

— Class 14: Class 2 and shapes represented by constructive solid’geometry.

5s 1 is a prerequisite for classes 2 through 14. If an impleméntation conforms to any of cla
ementation conforms to any of classes 9 through 14,-then it shall also conform to class 2.
formance classes 3 through 14 are defined in terms of required AIM shape representation

able 14. Each shape representation subtype specifies in its local domain rules all of the A
define the corresponding conformance class.

Table 14, --Conformance options

face models;

5ses 2 through

then it shall also conform to class 1. Class 2 is a-prerequisite for classes 9 through 14. If an

subtypes listed
IM constructs

Shape representation subtype Class Class Clasp Class Clags
3or9 | 40r10| 5o0r11] 60rl1l2] 7o0rl3 8o

Claps
14

b

advanced_ X

Fep_shape_representation

c

5g_shape_representation

e

=

dge  based< X
ireframesshape_representation

A

g

—h

\ceted~brep_shape_representatign X

g

pometrically bounded X

surface_shape_representation

geometrically_ bounded_ - X
wireframe_shape_representation
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manifold__ - X
surface_shape_representation

shell_based_wireframe X
6.1 Conformance class membership

An implementation of any of the 14 conformance classes of this part of ISO 10303 shall support entities and
relgted constructs marked with an X in the table 15.

Table 15 - Conformance class membership

AIM element So- Conformance classes in which AIM element is_feund
urce

part | 2|3 | 4l5| 6| 7| &P ol 100 11 12| 13 14

adtion 41 X X X XX | X [ X]|X |X |[X [X [X X |]X
adtion_assigned_item (select 207 X X % X X XX X X X X
type)

adtion_assignment 41 A X X X X X X X X X X X X
adtion_direcrive 41 X] X X X| X X X X | X X X X X X
adtion_method 41 XI X} X| X X X| X| X| X| X[ X | X X1 X
adtion_method_relationship 41 X X K X X X| X| X| X|] X|] X X X
adtion_method_with_- 49 X X| X|I ¥ X| X| X]| X]| X| X[ X | X X1| X

agsociated_documents

adtion_property 49 x| x| x| xx [x |x |x [x |Ix [x |x [x [|x

adtion_property_- 49 XI x| X] x| x |x |[x |x |[x |x [|x X ||IX
representation

adtion_relationship 41 XI X] 4 X| X| X| X| X| X]| X | X Xl X
adgtion) request_solution 41 X X X X| X| X| X| X| X| X Xl X
action_resource 41 N X X A X X X X X X X X X X
action_resource_relationship 41 K X b X X X X X X] X| X| X X| X
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action_resource_requiremen\i 49 A X X X
action_resource_- 49 H X X A X X X X X X X X X
requirement_relationship

Table 15 - Conformance class membership (continued)
AlM element o- Conformance classes in which AIM element is found
urce
part 1 | 2|3 |4a|l5|6| 7| 8] ol 10 ‘11 12 3 14
adtion_resource_type X X XI X| X| X| XJX] X| X X

advanced_- 514 X| X X
brep_shape_representation
advanced_face 511 X X X Xl X X
ahlead_or_behind 41 A X X XlaX] X| X| X]| X| X[ X X
(ehumeration type)
argle_relator (enumeration 47 ) XM X X X X| X| X|] X X
type)
arjgular_location 47 XI ¥ X| X]| X X| X| X| X ]| X X
afplication_context 41 XXl X| X X| X| X| X X| X| X | X X
afplication_context_element 41 X X K X X X| X| X| X|] X]| X X
afplication_protocol_- 11 X X X] X [ X | X | X |[X |X |X X
ddfinition
agproval 41 X| X X X| X X X X X X X X
afproval_assigned_item 41 X X K X] X| X| X| X| X| X]| X X
(sglect type)
afproval® assignment 41 X X X X X X X X X X X
approval_date_time 41 A XI X A X| X| X| X| X]| X[ X| X X
approval_person_organizatio" 41 K X X X X Xl X X X X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found
urce
part " 1 213 lalslal z1 8l ol 10 11 121 13 14
=

agproval_role 41 X| X X| X X X X X1 X X X X X X
approval_status 41 X x| x| A x| x| x| x| x| x| x}'\x xX|[| X
agsembly_component_usage 44 X K K |X b X X X K| X
agsembly_component_usagel|- 44 X K K | X A X X X K| X
sybstitute

aqisl_placement 42 X XX X| X X| X
axqis2_placement (select typell 42 XX | XApX | X [ X | X | X [|X X X
axqis2_placement_2d 42 K X X| X
axqis2_placement_3d 42 X X | X | X | X | X [X |X [X X [IX

b [spline_curve 42 Xl XY X X| X| X]| X| X X|| X

b [spline_curve_form 42 X A X X Xl X X X X X
(ehumeration type)

b [spline_curve_with_knots 42 X X X| X| X| X| X X X

b [spline_surface 42 X X| X X| X X| X

b [spline_surface_form 42 X X] X Xl X X X
(ehumeration type)

b [spline_surfaceé- with_knots 42 X X X X Xl X X
bgzier, curve 42 Xl ¥ X X X X| X | X X[ X
bezter—strface 42 v/ S A Ay Ay Ay Ay X X
block 42 X X
boolean_operand (select typew 42 K X
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Table 15 - Conformance class membership (continued)
AIM element So- Conformance classes in which AIM element is found
urce

part "1 2 lalals 6 Z al g 10 11 12 13 14

I_I=

bqolean_operator 42 X X
(ehumeration type)

bqolean_result 42 X X
bqundary_curve 42 A X

bqunded_curve 42 XI X X X XJLX]| X| X X[] X
bqunded_surface 42 X X X X| X X X
bgx_domain 42 X X
bgxed_half_space 42 X X
brep_with_voids 42 X X X X X X
cdlendar_date 41 A XX A X| X]| X| X X| X| X]| X X[] X
cgrtesian_point 42 X AX | X | X | X | X |X |X [X X [IX
cgrtesian_transformation_- 42 A X X X X X

oflerator

cqrtesian_transformation_- 42 b X X X X X

oferator_3d

change_order 207 A X] XI A X| X| X| X X| X| X]| X X[] X
cHaracterized. action_- 49 X X X X X X
ddfinition (select type)

cHaracterized_defition 45 XX [ X | X]|X | X X |X |X |X |X [X X [IX
(skleet type)

characterized_product_- 41 X X X | X | X | X | X [X |X [X X IX

definition (select type)
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 213 lalslal z1 8l ol 10 11 121 13 14

=

characterized_resource_- 49 A A X X X
ddfinition (select type)
cifcle 42 X X| X X X X X X X X
clpsed_shell 42 X X| X| X X\| X X[] X
cgmposite_curve 42 X
cgmposite_curve_on_surface 42 X
cdmposite_curve_segment 42 X
cgnfiguration_design 44 X X| X|] A X&IX | X | X | X | X X [X X [IX
cgnfiguration_item 44 X|] X X1 X X X X X | X X X X X X
cgnic 42 X Xl X X X X X X
cgnical_surface 42 A X X| X X| X X X
cdnnected_edge_set 42 A
cdnnected_face_set 42 A X X X Xl X X
cdgntext_dependent_unit 41 X X X | X | X | X | X [X |X [X X X
cqgntract 41 X| X X X| X X X X X X X X X X
cgntract_assigned_item 207 A A K X X X| X| X| X]|] X| X X X
(skelect type)
cgntract._assignment 41 X X X X X X X X X X X X
contract_type 41 X[ x| x| x| x| x| x| x| x| x|x]|x X | x
conversion_based_unit 41 X X X | X | X | X | X [X |X [X X IX
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AIM element So- Conformance classes in which AIM element is found
urce
part " 1 a4l 5 ol 10l 19 12| 13 14

I_I=
cdordinated_universal_time_ 41 K X X X
offset
cqunt_measure (type) 41 X Xl X| "X| X X|| X
cgg_primitive (select type) 42 X
c9g_select (select type) 42 X
c9g_shape_representation 5115 A
cgg_solid 42 X
cyrve 42 X| X X X X
cyrve_bounded_surface 42 X X X
cyrve_on_surface (select typd) 42 X
cyrve_replica 42 X X X X X
cylindrical_surface 42 H X X\| X X|| X
dgte 41 X| X X X X X
dgte_and_time 41 H X X|] X| X | X X
dgte_and_time_assigned_itefjn 207 X A X X X K| X
(sglect type)
dgte_and<timé_assignment 41 X X X X X X
dgte_assigned_item (select 207 X X X X X X
type)
date_assignment 41 X X| X| X[ X X1 X
date_role 41 X|] X X | X | X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 213 lalslal z1 8l ol 10 11 121 13 14

=

dgte_time_role 41 X X| X| X X| X| X| X| X[ X | X | X X1] X
dgte_time_select (select type 41 X X A X X X X X\ X X
dgted_effectivity 41 XI X| X X X X | X | X | X | XX [|X X || X
dgtum 47 X Xl X X X X X X X X X X
dgtum_reference a7 X Xl X X|. X4 X| X]| X| X X[] X
dgtum_target 47 X A X X X X X X X X X X
dgy_in_month_number (type) 41 X X X [ X | X | X [ X |IX [X X [ IX
dgy_in_week_number (type) 41 X X XX | X | X [ X |[X |[X [X X X
dgy_in_year_number (type) 41 X X X | X | X | X | X [X |X [X X [IX
ddfinitional_representation 43 K X X| X
ddgenerate_pcurve 42 X X X X
dggenerate_toroidal_surface 42 X b X X X
dgrived_unit 41 X] X X X] X X X X X X X X X X
dgrived_unit_element 41 A X X A X X X X X X X X X X
dgscriptive_representation_- 45 K X A X X X X X X] X| X| X X X
itgm
dig_definition_constraint_- 207 A XI X A X [ X | X | X |[X |X |X [X X [IX
rejationship
dimension_count (type) 42 A X X X X| X X| X| X| X]| X[ X X
dimensional_characteristic 47 X X X| X] X| X|] X| X| X| X X1l X
(select type)
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Table 15 - Conformance class membership (continued)
AIM element So- Conformance classes in which AIM element is found
urce
part " 1 2l a3 lals ]l el 71 a8l ol 10f 11 12| 13 14
I_I=
dimensional_characteristic_- 47 A K X X X X X] X| X| X X X
representation
dimensional_exponents 41 X X X| X] X| X| X| X| 'X| X X1 X
dimensional_location 47 XI A X| X| X| X| XEX] X| X X|| X
dimensional_location_with_- a7 X Xl X X| XJ X| X]|] X| X X[] X
path
dimensional_size 47 X A X X X X| X X X X X X
difected_action 41 X X| X| X X[ Xy X X X | X | X | X X|] X
difection 42 X X| X X X X X X X
dqcument 41 X|] X X X X X X X X X X X X X
dqcument_reference 41 Xy X X X] X X| X| X| X]| X X|| X
dqcument_referenced_item 207 K X X X X X X X|] X| X X X
(sglect type)
dgcument_type 4] X x| x| ¥4 x| x| x| x| x| x| x| x X || X
edge 42 X X X X X X X X
edge_based_wireframe’ modgl 42 K
edge_based_wireframe_- 501
representation
edge’ curve 42 X X x| X| X X X[ X
edge_loop 42 X X X1 X X X X 1| X
effectivity 41 X1 X X X1 X X X X X X X X X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found
urce

part "1 2 lalals 6 Z al g 10 11 12 13 14

elementary_surface 42 K X] X| X| X X| X| X X X
ellipse 42 X X| X X X X X X X X
ealuated_degenerate_pcurvig 42 X K K K
executed_action 41 N X] XI A X| X| X| X XY X| X ]| X X[] X
eqtruded_area_solid 42 X X
fage 42 X X X X X X X X
fage_bound 42 XX X1 X X\| X X|| X
fage_outer_bound 42 X| X] X| X Xl X X X
fape_surface 42 X| X| X| X X| X X X
fapeted_brep 42 X X X X
fapeted_brep_model 512 X X X X
fuhctionally_defined_- 43 x| ¥ x| x| x| x| x| x| x| x X || x
transformation

ggdometric_curve_set 42 K X
gdometric_represefitation_- 42 K A x4 Kk X X X x x| x| x| x X
cgntext

gqgometricrepresentation_- 42 X X X X X X X X] X X X
itgm

geometric—set 42 > %

geometric_set_select (select 42 K |X

type)
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 a4l 5 ol 10l 19 12| 13 14

I_I=

gqometric_tolerance 47 Xl X| X X XI| X
gqgometric_tolerance_with_- 47 K X X| X|\vX X| X
dgtum_reference
gqometrically_bounded_- 507 K X
syrface_representation
gqometrically_bounded_- 510 K X
wireframe_representation
glpbal_uncertainty_assigned |} 43 XX X X X
cdntext
hglf_space_solid 42 X
hqur_in_day (type) 41 X X X X X
hyperbola 42 X| X X | X | X X
identifier (type) 41 X|] X X | X X X
input_item_die_relationship 207 X X X X
infersection_curve 42 X] X
itgm_defined_transformation 43 K X| X| X| X X| X
krlot_type (enumeration type) 42 X X X| X X X
lapel (type) 41 X| X X | X | X |X X
lepgth_measure (type) 41 X X| X| X X[ X
length_measure_with_unit 41 X X X X
length_unit 41 X| X X X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part 1 2l alalslel 7zl al ol 10l 11 12 3 14
limit_condition (enumeration 47 XN X XI A X | X | X | X | X | X |X [|X X [ IX
type)
limits_and_fits 47 X XX | X | X | X [ X | X [X /X X X
line 42 X | X| X X I X | X FXO1X X [IX
logal_time 41 X X X| X X | X [ X | X_ X |X |X [X X || X
lopp 42 X X | X | X X |X X | X X [IX
mke_from_usage_option 44 X X K X] XN X|I X|I X| X| X]| X X| X
mpke_from_usage_option_- 44 X X K Ko X X X X| X X| X XNl X
grpup
manifold_solid_brep 42 X X X X X X
manifold_surface_shape_- 509 A

representation

mapped_item 43 X X X| X| X X X[] X
mAss_measure (type) 41 A b K X X X X| X| X]|] X| X X X
material_property 45 X X| X| X X| X| X| X| X[ X | X | X X|] X
measure_representation_iten 47 K | X b A X X K| X
measure_value(select type) 41 X X A X X X X X X X
measure with_unit 41 X X X A X X X X X X X X X X
mirtte—in—hott—{type) 4% MK HH—H— P ———x x— | X
modified_geometric_tolerancn 47 A X X X X X X] X| X| X X| X
month_in_year_number (type" 41 X X K X X X X X X X X X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 213 lalslal z1 8l ol 10 11 121 13 14

=

ngmed_unit 41 X] X X X| X X X X X X X X X X
offset_curve_3d 42 X ¥ X X| X| X
offset_surface 42 H X XN~ X
ogen_shell 42 X X
orflinal_date 41 X|] X X X| X X X X X X X X X X
orpanization 41 X|] X X1 X] X X X X | X X X X X X
orpanization_assigned_item 207 K X X X X X X X] X|] X X X
(sglect type)
orpanization_assignment 41 X X K X X X X X X X X X X
orpanization_role 41 X X Xl X X X X X X X X X X X
orlented_closed_shell 42 X X X X X
orlented_edge 42 X X Xl X| X X X[ X
orlented_face 42 Xl X| X| X X1 X X[] X
orlented_open_shell 42 X X
orlented_path 42 X X
oyter_boundaryt_curve 42 K X
pgrabala 42 X1 X X X|] X| X | X | X X1l X
parameter_value (type) 42 X K X[ X X
parametric_representation_- 43 X b A
context
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Table 15 - Conformance class membership (continued)
AIM element So- Conformance classes in which AIM element is found
urce
part " 1 5 10 11 12 13 14
I_I=
path 42 X X X
pdurve 42 X X X
pqurve_or_surface (select 42 X X X
type)
pdrson 41 X X X
pgrson_and_organization 41 K X X
pgrson_and_organization_- 207 (X X
agsigned_item (select type)
pgrson_and_organization_- 41 X X X
agsignment
pgarson_and_organization_rolg 41 XX X
pgrson_assigned_item (seled 207 X X X X K| X
type)
pgrson_assignment 41 X| X| X Xl X
pgrson_organization_select 41 X X X| X X X
(type)
pgrson_role 41 X X X X X
physically_modelled_- 207 X| X1 X X
prpduct_definition
placement 42 X X X X X
plane 42 X X X X
plane_angle_measure (type) 41 X X X X X| X
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Table 15 - Conformance class membership (continued)
AIM element So- Conformance classes in which AIM element is found
urce
part "1 a4l 5 ol 10l 19 12| 13 14
I_I=
plane_angle_measure_with_ 41 X X X X X X
unjit (entity)
plis_minus_tolerance 47 X X[ "X| X X[ X
pqint 42 X| X X X
pqint_on_curve 42 X X X1 X| X
pqint_on_surface 42 Xl X
pqint_replica 42 X X X
pqly_loop 42 X X
palyline 42 X X X | X
pgsitive_length_measure 41 K X X
(type)
pgsitive_plane_angle_- 41 X X
measure (type)
preferred_surface_curve_- 42 X X X
representation (enumeration
type)
prpcess_plan 207 X| X| X| X X X
prpcess_product.association 49 X X X X X X
prpduct 41 X| X X | X
product category 41 X] X1 X1 X X
product_category_reIationshi“ 41 K X| X|] X|] X Xl X
product_concept || 44 H X X|] X| X | X X
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AIM element So- Conformance classes in which AIM element is found

urce

part " 1 10l 11l 10 13 14

I_I=

prpduct_concept_context 41 X X X X X
prpduct_context 41 X | XC| X X|] X
prpduct_definition 41 XX X X [IX
prpduct_definition_context 41 X |X |X X [IX
prpduct_definition_effectivity 41 X X |X X [IX
prpduct_definition_formation 41 X X |X X [IX
prpduct_definition_- 41 X X |X X [ IX
fofmation_with_specified_-
sdurce
prpduct_definitio_process 49 X |X X X [IX
prpduct_definition_- 41 X X |X X [IX
rejationship
prpduct_definition_shape 41 X X |X X [IX
prpduct_definition_substitute 41 X |X |X X [IX
prpduct_definitio_usage 44 X X X X [IX
prpduct_definition_with/ - 41 X X |X X [IX
agsociated_documents
prpduct_related_product_- 41 X |X X X X
cdtegory:
product_type 207 X1 X 1 X X1| X
promissory_usage_occurrenclf 44 XN X X X X
property_definition || 41 X X X X X
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Table 15 - Conformance class membership (continued)

AIM element So-
urce

Conformance classes in which AIM element is found

part "1 2 lalals 6 Z al g 10 11 12 13 14

prpperty_definition_- 41 X|] X X1 X| X X X X | X X X X X X
representation
gyantified_assembly_- 44 A X X X X| X]| X| X| X[ ‘X X X[ X

cdmponent_usage

gyasi_uniform_curve 42 X A X X Xl X X X X X
gyasi_uniform_surface 42 X X X X| X X X
rafional_b_spline_curve 42 X X X X| X|] X| X X| X
rafional_b_spline_surface 42 X X X X X| X X
reptangular_composite_- 42 X X

syrface

rectangular_trimmed_surface| 42 X A
reparametrised_composite_- 42 X

curve_segment

replacement_relationship 49 X X X X X X| X X X X X X
representation 43 X A X X X X X X X X X X
representation_context 43 X K X X X X X]| X| X|] X x| X
representation_item 43 X X X| X| X| X| X| X|] X X X
representation’ map 43 X K X x| x| x| x| x| x| x X| x
representation_relationship 43 X X X X X X X] X|] X X X
representation_relationship_ 43 X X X X X X X X] X Xl X

with_transformation
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AIM element So- Conformance classes in which AIM element is found

urce

part " 1 5 10 11 12 13 14

I_I=

refuirement_for_action_- 41 X X X X
resource
resource_property 49 X | "X X X|| X
regource_property_- 49 X1 X| X X[ X
representation
resource_requirement_type 49 A X X K X
rejolved_area_solid 42 X
right_angular_wedge 42 X
right_circular_cone 42 X
right_circular_cylinder 42 X
sdam_curve 42 X| X
sqcond_in_minute 41 X X X
sqcurity_classification 41 X X]| X1 X XI| X
sqcurity_classification_- 207 X X1 X X|| X
agsigned_item (select type)
sqcurity_classification.- 41 X X| X X[ X
agsignment
sqcurity_classification_level 41 X1 X| X X|] X
sqqueneed_product_- 207 K X X [IX
definition_relationship
sequential_method 49 X X| X Xl X
serial_action_method 49 X X| X Xl X
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Table 15 - Conformance class membership (continued)
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AIM element So- Conformance classes in which AIM element is found

urce

part " 1 a4l 5 ol 10l 19 12| 13 14

I_I=

sqrial_numbered_effectivity 41 X X X
shape_aspect 41 Xl X X| X X[ X
shape_aspect_relationship 41 X X XK~ X X X
shape_definition (select type 41 (X X X
shape_definition_- 41 X X X X
representation
shape_dimension_- 47 X X| X| X X1 X
representation
shape_representation 41 X X X| X| X X X
shape_representation_- 41 X X X| X| X X X
rejationship
sheet_metal_action_- 207 Xl X| X| X X1 X
agsignment
sheet_metal_approval_- 207 K X| X|] X| X X X
agsignment
sheet_metal_contract_- 207 K X| X|] X|] X X X
agsignment
sheet_metal_dateand_time || 2071 X A X X X K| X
agsignment
sheet_metal* date_assignmefjt 20 X X X X X
sheefmetal_document_- 207 X X| X|] X| X X X
reference
sheet_metal_organization_- 207 X X| X|] X| X X|] X
assignment
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Table 15 - Conformance class membership (continued)
AIM element So- Conformance classes in which AIM element is found
urce
part "1 10l 11l 10 13 14
|
sheet_metal_person_and._- 20;| X [ IX
orpanization_assignment
sheet_metal_person_- 207 X| "X X X X
agsignment
sheet_metal_security_- 207 Xl X| X X| X
clgssification_assignment
shell (select type) 42 X
shell_based_surface_model 42
shell_based_wireframe_- 42
mpdel
shell_based_wireframe_- 502
representation
si| prefix (enumeration type) 41 X X X X X
sif unit 41 X
si] unit_name (enumeration 4% X X| X X X
type)
sdlid_model 42 X X|| X
sqlid_replica 42 X
squrce (enumeration type) 41 Xl X| X X X
sghere 42 X
spherical_surface 42 Xl X Xl X
start_order 207 X1 X X X | X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 213 lalslal z1 8l ol 10 11 121 13 14

=

sypported_item (select type) 41 X | X | X |X X [ X
syrface 42 X] X| X| X | X X | XC|X X[l X
syrface_curve 42 A X X~ X
syrface_of_linear_extrusion 42 K X X X X X X
syrface_of_revolution 42 X X, X X| X Xl X
syrface_patch 42 X
syrface_replica 42 A X X| X
swept_area_solid 42 X X
swept_surface 42 X Xl X Xl X X[ X
tekt (type) 41 X xPx| x| x| x| x| x[|x |x [x |X X || x
tolerance_method_deftion 47 XX [ X [ XX [ X [ X | X | X | X |X [X X [IX
(sglect type)
tolerance_value 4y X A X X X X X X X X X X
tolerance_zone 47 X X X X X X X X X X X
tolerance_zone_definjtion 47 X X X X X X X X X X X
tolerance_zone( form 47 X X X X X X X X X X X
topological”_representation_- 42 A X X X X X X X X X
itgn
toroidal_surface 42 H X Xl X X1 X X1 X
torus 42 X X
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Table 15 - Conformance class membership (continued)

AIM element So- Conformance classes in which AIM element is found

urce
part "1 2 lalals 6 Z al g 10 11 12 13 14

transformation (select type) 43 A K X] X X| X| X| X]|] X| X X X
transition_code (enumeration 42 X b

type)

trimmed_curve 42 X X

trimming_preference 42 X

(ehumeration type)

trimming_select (select type) 42 A K X X
urjcertainty_measure_with_- 43 A X X X X X X] X| X| X X X
unit

urjiform_curve 42 X1 XN X X X1 X X X X X
unjiform_surface 42 H X X| X X\| X X[] X
unjit (select type) 41 X X1 X X X| X| X X]| X | X | X | X X1] X
vector 42 X1 X| X XX | X | X |X X [l X
vdctor_or_direction (select 42 X X
type)

Table 15 - Conformance class membership (concluded)

AIM element So- Conformance classes in which AIM element is found
urce

part 9 | 2|3 | 4l5| 6| 7| 8| 9| 100 121 12| 13 14

versioned_action_request 41 K X b XK X X X X X] X| X| X X| X

vertex 42 X X X X X X X X
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Table 15 - Conformance class membership (concluded)

AIM element So- Conformance classes in which AIM element is found

urce

part " 1 213 lalslal z1 8l ol 10 11 121 13 14

=

vdrtex_loop 42 X X X X1l X X X X
vdrtex_point 42 X X X X | X X X X
vdrtex_shell 42 X X X X
week_in_year_number (type 41 X X KX | X | X [ X [ XX |X |X X [IX
week_of year_and_day_dat 41 X
wire_shell 42 X X
work_order 207 X X X X X N X X[ XX X |X |X X [ X
work_order_relationship 207 N X X| A-X]| X| X| X| X]| X X| X X[l X
ydar_number (type) 41 H X Xhr 3 X X X X X X X X X X

NOTE - ISO/TR 10303-307:2- defines-the abstract test suite to be used in the assessment of conformance. 1SO
10303-32:—2 describes the conformance assessment process.

Yo be published.
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Annex A
(normative)

AIM EXPRESS m(lnr—mdprl IiQting

The following EXPRESS is the expanded form of the short form schema given in 5.2 .In the
disgrepancy between the short form and this expanded listing, the expanded listing,shall be us

*

SCHEMA sheet_metal,

TY|PE action_assigned_item = SELECT
(executed_action,

grocess_plan,

groduct_definition,
groduct_definition_formation);
END_TYPE,; -- action_assigned_item

TY|PE ahead_or_behind = ENUMERATION OF
(ahead,

Rehind);

END TYPE; -- ahead_or_behind

TY|PE angle_relator = ENUMERATION OF
(equal,

large,

gmall);

END_TYPE,; -- angle_relator

TY|PE approval_assigned_item = SELECT
(executed_action,

grocess_plan,

groduct_definition,
groduct_definition_formation,
gheet_metal_action_assignment);
END_TYPE; -- approval“assigned_item

TY|PE axis2_placement = SELECT
(axis2_placemént_2d,
gxis2_placement_3d);
END_TYRE;¥- axis2_placement

TY|PE b. spline_curve_form = ENUMERATION OF

(gircular_arc,
elliptic_arc,
hyperbolic_arc,
parabolic_arc,
polyline_form,
unspecified);
END_TYPE,; -- b_spline_curve_form
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TYPE b_spline_surface_form = ENUMERATION OF
(plane_surf,
conical_surf,
cylindrical_surf,
generalised_cone,
quadric_surf,
ruled_surf,
pherical_surf,
urf_of linear_extrusion,
urf_of revolution,
proidal_surf,
nspecified);
END_TYPE,; -- b_spline_surface_form

. — (n (N (N

TY|PE boolean_operand = SELECT
(hoolean_result,

dsg_primitive,

half_space_solid,

golid_model);

END_TYPE; -- boolean_operand

TY|PE boolean_operator = ENUMERATION OF
(difference,

ihtersection,

ynion);

END_TYPE; -- boolean_operator

TY|PE characterized_action_definition = SELECT
(action,

dction_method,

ction_method_relationship,
ction_relationship);

END_TYPE; -- characterized_action_definition

Q. Q) o

TY|PE characterized_definition = SELECT
(¢haracterized_product_definition,
ghape_definition);

END_TYPE; -- characterized_definition

TY|PE characterized_product-definition = SELECT
(product_definition,
groduct_definition_relationship);

END_TYPE,; -- charaCterized_product_definition

TY|PE characterized_resource_definition = SELECT
(action_resource,

gction_resource_relationship,
ction{resource_requirement,

ction, resource_requirement_relationship);
ENDZTYPE,; -- characterized resource_definition

Q. Q) o

TYPE contract_assigned_item = SELECT
(change_order,
executed_action,
product_definition_formation_with_specified_source,
start_order);
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END_TYPE; -- contract_assigned_item

TYPE count_measure = NUMBER;
END_TYPE; -- count_measure

TYPE csg_primitive = SELECT
(block,

©I1SO

rjght_angular_wedge,
rjght_circular_cone,
rjght_circular_cylinder,
9phere,

tprus);

END_TYPE; -- csg_primitive

TY|PE csg_select = SELECT
(hoolean_result,
dsg_primitive);
END_TYPE,; -- csg_select

TY|PE curve_on_surface = SELECT
(¢omposite_curve_on_surface,
dcurve,

qurface_curve);

END_TYPE; -- curve_on_surface

TY|PE date_and_time_assigned_item = SELECT

(executed_action,

Qrocess_plan,

groduct_concept,
groduct_definition,
groduct_definition_formation,
gheet_metal_action_assignment,
Jersioned_action_request);

END_TYPE; -- date_and_time_assignedcCitem

TY|PE date_assigned_item = SELECT
(executed_action,

grocess_plan,

groduct_concept,

groduct_definition,
groduct_definition_formation,
gheet_metal_action assignment,
versioned_action-reguest);
END_TYPE,; -- date/ assigned_item

TY|PE date dime_select = SELECT
(date,

date_and time,

Ipcal“time);

ENDZTYPE,; -- date_time_select

TYPE day_in_month_number = INTEGER,

END_TYPE,; -- day_in_month_number

TYPE day_in_week number = INTEGER;

WHERE
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WR1: (1 <= SELF) AND (SELF <=7);
END_TYPE; -- day_in_week number

TYPE day_in_year_number = INTEGER,;
END_TYPE; -- day_in_year_number

TYPE dimension_count = INTEGER;

ISO 10303-207:1999(E)

WIHERE
WR1: SELF > 0;
END_TYPE; -- dimension_count

TY
(c
C
EN

TY
(2
[
¢
¢

g

EN
™

i
EN
TV
W

W
EN

™
EN

TY
(f
[«
U
U
EN

™
EN

™

PE dimensional_characteristic = SELECT
imensional_location,

imensional_size);

D_TYPE; -- dimensional_characteristic

PE document_referenced_item = SELECT
\ction_resource_requirement,
xecuted_action,

rocess_plan,

roduct_definition,
heet_metal_action_assignment);
D_TYPE; -- document_referenced_item

PE geometric_set_select = SELECT
urve,

oint,

urface);

D_TYPE; -- geometric_set_select

PE hour_in_day = INTEGER;

HERE

R1: (0 <= SELF) AND (SELF < 24);
D_TYPE; -- hour_in_day

PE identifier = STRING;
D_TYPE; -- identifier

PE knot_type = ENUMERATION OF
iecewise_bezier_knots;
uasi_uniform_knots;

niform_knots,

nspecified);

D_TYPE; -- knot/type

PE label =STRING;
D_TYRE; ¥ label

PElength_measure = REAL;

EN

DZ_TYPE; -- length measure

TYPE limit_condition = ENUMERATION OF
(least_material_condition,
maximum_material_condition,
regardless_of feature_size);

END_TYPE; -- limit_condition
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TYPE list_of reversible_topology_item = LIST [0:?] OF

reversible_topology_item;

END_TYPE,; -- list_of_reversible_topology_item

TYPE mass_measure = REAL,;
END_TYPE; -- mass_measure

©I1SO

T
(a

I
M
{
{
{
{
N

m

T
W

W
EN

T
W

W
EN

TY
(c
Q
€

{

g

EN

™
EN

TY
(f

g

EN

TY
(c
{

{
EN

™

PE measure_value = SELECT
ount_measure,
bngth_measure,
nass_measure,
arameter_value,
lane_angle_measure,
ositive_length_measure,
ositive_plane_angle_measure);
D_TYPE; -- measure_value

PE minute_in_hour = INTEGER;
HERE

R1: (0 <= SELF) AND (SELF <= 59);
D_TYPE; -- minute_in_hour

PE month_in_year_number = INTEGER,;
HERE

R1: (1 <= SELF) AND (SELF <= 12);
D_TYPE; -- month_in_year_number

PE organization_assigned_item = SELECT
hange_order,

ontract,

xecuted_action,

roduct_definition,

tart_order);

D_TYPE; -- organization_assigned_item

PE parameter_value = REAL;

D_TYPE; -- parameter_value

PE pcurve_or_surface = SELECT
curve,

urface);

D_TYPE; -- pcurve\or_surface

hange_order,

rocess_pfan,

roduct=definition);

D_TYPE; -- person_and_organization_assigned_item

PE person assigned item = SELECT

PE person_and\.organization_assigned_item = SELECT

(change_order,

contract,

product_definition,

shape_aspect,

versioned_action_request);
END_TYPE,; -- person_assigned_item
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TYPE person_organization_select = SELECT
(organization,
person,
person_and_organization);

END_TYPE,; -- person_organization_select

TYPE plane_angle measure = REAL,;

ISO 10303-207:1999(E)

EN
™
W

W
EN
T
W

W
EN
™

D_TYPE, - plane_angle_measure

PE positive_length_measure = length_measure;
HERE

R1: SELF > 0;

D_TYPE; -- positive_length_measure

PE positive_plane_angle_measure = plane_angle_measure;
HERE

R1: SELF > 0;

D_TYPE; -- positive_plane_angle_measure

PE preferred_surface_curve_representation = ENUMERATION OF
urve 3d,

curve_sl,

curve_s2);

D_TYPE; -- preferred_surface_curve_representation

PE reversible_topology = SELECT
st_of reversible_topology_item,
pversible _topology _item,

et _of reversible_topology_item);
D_TYPE; -- reversible_topology

PE reversible_topology_item = SELECT
dge,

ath,

hce,

Ace bound,

losed_shell,

pen_shell);

D_TYPE; -- reversible_topology_item

PE second_in_minute'=/'REAL,
HERE

R1: (0 <= SELF);AND (SELF < 60);
D_TYPE; -- second_in_minute

PE security, ‘classification_assigned_item = SELECT
rocess-plan,

roduct~definition);

D-TYPE; -- security_classification_assigned_item

TY

PE set_of reversible_topology_item = SET [0:?] OF
reversible_topology_item;

END_TYPE,; -- set_of reversible_topology_item
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TY

PE shape_definition = SELECT

(product_definition_shape,

shape_aspect,

shape_aspect_relationship);
END_TYPE; -- shape_definition

TY

PE shell = SELECT

©I1SO

(d
q
\
\
EN

TY
€

(e

o e T e e Wil Sl S Bl o Wi W ¢, S W

[osed_shell,
pen_shell,
ertex_shell,
vire_shell);
D_TYPE; -- shell

PE si_prefix = ENUMERATION OF
\tto,

enti,

eca,

eci,

Xa,

emto,

iga,

ecto,

ilo,

nega,

nicro,

nilli,

ano,

eta,

ico,

bra);

D_TYPE; -- si_prefix

PE si_unit_name = ENUMERATION OF

ampere,

ecquerel,
andela,
oulomb,
egree_celsius,
arad,
ram,

ray,

enry,
ertz,

bule,
elvin,
imen,

X,

netre,
nole,

ewton,

ohm,
pascal,

r

adian,

second,
siemens,
sievert,
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steradian,
tesla,
volt,
watt,
weber);
END_TYPE; -- si_unit_name

ISO 10303-207:1999(E)

PE source = ENUMERATION OF
ought,

ade,

ot_known);

D_TYPE; -- source

PE supported_item = SELECT
ction_directive,

ction,

ction_method);

D_TYPE; -- supported_item

PE text = STRING;
D _TYPE,; -- text

PE tolerance_method_definition = SELECT

(functionally_defined_transformation,
item_defined_transformation);
END_ TYPE; -- transformation

TY|PE transition_code = ENUMERATION.OF
(¢ont_same_gradient,
dont_same_gradient_same_curvature;
dgontinuous,

discontinuous);

END_TYPE,; -- transition_code

TY|PE trimming_preference =ENUMERATION OF
(gartesian,

parameter,

ynspecified);

END_TYPE; -- trimming_preference

TY|PE trimming._select = SELECT
(gartesianxpoint,
Parameter_value);

END-"TYPE; -- trimming_select

TYPE unit = SELECT
(derived_unit,
named_unit);

END_TYPE; -- unit

TYPE vector_or_direction = SELECT
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(direction,
vector);
END_TYPE; -- vector_or_direction

TYPE week_in_year_number = INTEGER,;
WHERE
WR1: (1 <= SELF) AND (SELF <= 52);

©I1SO

END_TYPE; -- week_In_year_number

TY|PE year_number = INTEGER,;
END_TYPE; -- year_number

ENTITY action;

hame . label;

Hescription : text;
chosen_method : action_method,;
END_ENTITY; -- action

ENTITY action_assignment
ABSTRACT SUPERTYPE;
hssigned_action : action;
END_ENTITY; -- action_assignment

ENTITY action_directive;

hame . label;

Hescription : text;

bnalysis  : text;

comment  : text;

fequests : SET [1:?7] OF versioned_action_request;
END ENTITY; -- action_directive

ENTITY action_method;

hame . label;

Hescription : text;
consequence : text;

burpose  : text;
END_ENTITY; -- action_method

ENTITY action_method_relationship;

hame > label,

Hescription  : text;

relating_method : aefien_method;
felated_method,~action_method,
END_ENTITY; -~action_method_relationship

ENTITY actiont method_with_associated_documents
SUBTYRE.OF (action_method);

documents : SET [1:?] OF document;

END-ENTITY; -- action_method_with_associated_documents

ENTITY action_property;

name . label;

description : text;

definition : characterized_action_definition;
END_ENTITY; -- action_property
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ENTITY action_property_representation;

name : label;

description : text;

property : action_property;
representation : representation;

END_ENTITY; -- action_property_representation

EN

EN
EN

EN
EN

<SS~z

EN

ISO 10303-207:1999(E)

TITY action_relationship;

hame - label,

Hescription  : text;
'elating_action : action;

related action : action;
D_ENTITY; -- action_relationship

TITY action_request_solution;

method : action_method,;

request : versioned_action_request;
D_ENTITY; -- action_request_solution

TITY action_resource;

hame . label;

Hescription : text;

lIsage : SET [1:?] OF supported_item;
kind : action_resource_type;
D_ENTITY; -- action_resource

TITY action_resource_relationship;

ame > label,

escription : text;

blating_resource : action_resource;

blated _resource : action_resource;
D_ENTITY; -- action_resource_relationship

TITY action_resource_requirement;

hame - label;

Hescription : text;

kind : resource_requirement_type;

pperations : SET [1:?7] OF ¢haracterized_action_definition;

D_ENTITY; -- action_resouree_requirement

TITY action_resourgerequirement_relationship;

ame > label;

escription wiext;

blating_actionresource_requirement : action_resource_requirement;
blated_action ‘resource_requirement : action_resource_requirement;
HERE

WR1: relating_action_resource_requirement :<>:
felated_action_resource_requirement;
D ENTITY; -- action_resource_requirement_relationship

ENTITY action_resource_type;

name : label;

END_ENTITY; -- action_resource_type

ENTITY advanced_brep_shape_representation
SUBTYPE OF (shape_representation);
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WHERE

WR1: SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF([
'SHEET_METAL.MANIFOLD_SOLID_BREP''SHEET METAL.FACETED_BREP",
'SHEET_ METALMAPPEDITEM”SHEET ~ METAL.AXIS2_PLACEMENT_3D]
* TYPEOF(it) = 1)) )) =

WR2: SIZEOF(QUERY ( it <* SELF.items | (SIZEOF([
'SHEET METAL.MANIFOLD SOLID BREP''SHEET METAL.MAPPED ITEM]]

©I1SO

*TYPEOF(I)) = 1))) > 0,

WR3: SIZEOF(QUERY ( msb <* QUERY (it <* SELF.items | (
'SHEET_METAL.MANIFOLD_SOLID_BREP' IN TYPEOF(it)) ) | (NOT (
SIZEOF(QUERY ( csh <* msb_shells(msb,'AIC_ADVANCED BREP)) |
(NOT (SIZEOF(QUERY ( fcs <* csh\connected_face_set.cfs_faces
| (NOT ('SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fcs))) )) =
0)) =0)))) =0;

WR4: SIZEOF(QUERY ( msb <* QUERY (it <* SELF.items | (
'SHEET_METAL.MANIFOLD_SOLID_BREP' IN TYPEOF(it)) ) | (
'SHEET_METAL.ORIENTED _ CLOSED SHELL' IN TYPEOF(msb\
manifold_solid_brep.outer)) )) =

WR5: SIZEOF(QUERY (brv <* QUERY (it <* SELF.items | (
'SHEET_METAL.BREP_WITH_VOIDS' IN TYPEOF(it)) ) | (NOT {
SIZEOF(QUERY ( csh <* brv\brep_with_voids.voids | csh\
oriented_closed_shell.orientation )) = 0)))) = 0;

WR6: SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items | (
'SHEET_METAL. MAPPED ITEM' IN TYPEOF(it)) ) | (NOT (
'SHEET_METAL.ADVANCED_BREP_SHAPE_REPRESENTATION' IN TYPEOF(
mi\mapped_item.mapping_source.mapped_representation))) )) =

EN D_EN"I'ITY; -- advanced_brep_shape_representation

TITY advanced_face

UBTYPE OF (face_surface);

HERE

WR1 : SIZEOF('SHEET_METAL.ELEMENTARY_SURFACE',
'SHEET_METAL.B_SPLINE_SURFACE''SHEET_METAL.SWEPT_SURFACE
* TYPEOF(face_geometry)) & 1,

WR2 : SIZEOF(QUERY ( elp_fbnds<* QUERY ( bnds <* SELF.bounds | (
'SHEET_METAL.EDGE _‘LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(QUERY ( oe=<*elp_fbnds.bound\path.edge_list | (NOT
('SHEET_METAL.EDGE_CURVE' IN TYPEOF(oe.edge_element))) )) =
0)))) = 0;

WR3 : SIZEOF(QUERY.A elp_fbnds <* QUERY ( bnds <* SELF.bounds | (

'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (

SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.edge_list | (NOT

(SIZEOR(['SHEET_METAL.LINE','SHEET_METAL.CONIC',

'SHEET{METAL.POLYLINE',SHEET METAL.SURFACE_CURVE/,

'SHEET_METAL.B_SPLINE_CURVET* TYPEOF(oe edge_ element\

edge’ curve.edge_geometry)) = 1)) )) = 0)))) =

WR4 T SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds | (

'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (

SIZEOF(QUERY ( oe <* elp fbnds.bound\path.edge list | (NOT

<D

((SHEET_METAL.VERTEX_POINT' IN TYPEOF(0oe.edge_start)) AND
(‘'SHEET_METAL.CARTESIAN_POINT' IN TYPEOF(oe.edge_start\
vertex_point.vertex_geometry)) AND (
'SHEET_METAL.VERTEX_POINT' IN TYPEOF(oe.edge_end)) AND (
'SHEET_METAL.CARTESIAN_POINT' IN TYPEOF(oe.edge_endl\
vertex_point.vertex_geometry)))) )) = 0)) )) = 0;
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WRS : SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) )
'SHEET_METAL.ORIENTED_PATH' IN TYPEOF(elp_fbnds.bound)) ))

=0;

WR6 : (NOT ('SHEET_METAL.SWEPT_SURFACE' IN TYPEOF(face_geometry)))
OR (SIZEOF(['SHEET_METAL.LINE',SHEET_METAL.CONIC',
'SHEET METAL.POLYLINE''SHEET METAL.B_SPLINE CURVE] *
TYPEOF(face_geometry\swept_surface.swept_curve)) = 1),
WR7 : SIZEOF(QUERY ( vilp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'SHEET_METAL.VERTEX_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
(‘'SHEET_METAL.VERTEX_POINT' IN TYPEOF(vlp_fbnds\face bound.
bound\vertex_loop.loop_vertex)) AND (
'SHEET_METAL.CARTESIAN_POINT' IN TYPEOF(vip_fbnds\
face_bound.bound\vertex_loop.loop_vertex\vertex_point.
vertex_geometry)))) )) = 0;
WRS : SIZEOF(QUERY ('bnd <* SELF.bounds | (NOT (SIZEOF([
'SHEET_METAL.EDGE_LOOP','SHEET_METAL.VERTEX_LOOP'] *
TYPEOF(bnd.bound)) = 1)) )) = 0;
WR9 : SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds/.{
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.edge_list | ((
'SHEET_METAL.SURFACE_CURVE' IN TYPEOF(oe.edge. element\
edge_curve.edge_geometry)) AND (NOT (SIZEOK(
QUERY ('sc_ag <* oe.edge_element\edge_curve.edgé/geometry\
surface_curve.associated_geometry | (NOT (
'SHEET_METAL.PCURVE' IN TYPEOF(sc_ag))) }):=0))))) =0))))

=0;
WR10: ((NOT (SHEET_METAL.SWEPT_SURFACE'IN TYPEOF(face_geometry)))
OR (NOT ('SHEET_METAL.POLYLINE' IN.-TYPEOF(face_geometry\
swept_surface.swept_curve))) OR (SIZEOF(face_geometry\
swept_surface.swept_curve\polyline.peints) < 3)) AND (
SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.edge_list | ((
'SHEET_METAL.POLYLINE"IN'TYPEOF(0e.edge_element\edge_curve
.edge_geometry)) AND (NOT-(SIZEOF(oe.edge_element\
edge curve.edge_geomeétry\polyline.points) < 3))) )) = 0)) ))

= 0);
END_ENTITY; -- advanced (face

ENTITY angular_locatien

UBTYPE OF (dimensional_location);
Angle_selection.angle_relator;
END_ENTITY; -~angular_location

n

ENTITY applieation_context;

Application”: text;

NVERSE

context_elements : SET [1:7] OF application_context_element FOR
frame_of reference;

END_ENTITY; -- application_context

ENTITY application_context_element
SUPERTYPE OF (ONEOF (product_context,product_definition_context,
product_concept_context));
name - label;
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frame_of_reference : application_context;
END_ENTITY; -- application_context_element

ENTITY application_protocol_definition;

status . label,

application_interpreted_model_schema_name : label;

application_protocol year : year_number;

Application - applicafion_context;
END_ENTITY; -- application_protocol_definition
ENTITY approval;

Status : approval_status;

evel : label;

END_ENTITY; -- approval

ENTITY approval_assignment
ABSTRACT SUPERTYPE;
hssigned_approval : approval;
END_ENTITY; -- approval_assignment

ENTITY approval_date_time;

Hate time  : date_time_select;
Hated_approval : approval;
END_ENTITY; -- approval_date_time

ENTITY approval_person_organization;
person_organization : person_organization_select;
huthorized_approval : approval;

[ole - approval_role;

END_ENTITY; -- approval_person_organization

ENTITY approval_role;
[ole : label;
END_ENTITY; -- approval_role

ENTITY approval_status;
hame : label;
END_ENTITY; -- approval_status

ENTITY assembly _compenent_usage

UPERTYPE OF (promissory_usage_occurrence)
UBTYPE OF (product’ definition_usage);
reference_designator : OPTIONAL identifier;
END_ENTITY; -~assembly_component_usage

(2N 0))

ENTITY assembly_component_usage_substitute;

name Mabel;
Hefinition : text;
base : assembly_component_usage;
Substitute : assembly component usage;
UNIQUE
url : base, substitute;
WHERE

WRZ1: base.relating_product_definition :=: substitute.
relating_product_definition;
WR2: base :<>: substitute;
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END_ENTITY; -- assembly_component_usage_substitute

ENTITY axisl_placement
SUBTYPE OF (placement);
axis : OPTIONAL direction;
DERIVE
z : direction := NVL(normalise(axis),direction([0,0,1]));
WHERE
WR1: SELF\geometric_representation_item.dim = 3;
END_ENTITY; -- axis1l_placement

TITY axis2_placement_2d

UBTYPE OF (placement);

Fef _direction : OPTIONAL direction;

ERIVE

D : LIST [2:2] OF direction := build_2axes(ref_direction);
HERE

WR1: SELF\geometric_representation_item.dim = 2;
END_ENTITY; -- axis2_placement_2d

0?Z

= 0O

ENTITY axis2_placement_3d

SUBTYPE OF (placement);

(XIS : OPTIONAL direction;

Fef _direction : OPTIONAL direction;

ERIVE

b : LIST [3:3] OF direction := build_axes(axis,ref_direction);

HERE

WR1: SELF\placement.location.dim = 3;

WR2: (NOT EXISTS(axis)) OR (axis.dim = 3);

WR3: (NOT EXISTS(ref_direction)) OR (ref_direction.dim = 3);

WRA4: (NOT EXISTS(axis)) OR (NOT EXISTS(ref_direction)) OR (
cross_product(axis,ref_direction).magnitude > 0);

END_ENTITY; -- axis2_placement_3d

= 0O

ENTITY b_spline_curve

SUPERTYPE OF (ONEOF (uniform curve,b_spline_curve_with_knots,
quasi_uniform_curve,bezier_éurve) ANDOR rational_b_spline_curve)
SUBTYPE OF (bounded cumve);

Hegree . INTEGER,
:ontrol_points_list : LIST, [2:?] OF cartesian_point;
curve_form : bspline_curve_form;
Closed_curve “LOGICAL,;
self _intersect - LOGICAL,;

DERIVE

Lipper_index..6n_control_points : INTEGER := SIZEOF(
control_points_list) - 1;

Control<points : ARRAY [0:
upper_index_on_control_points] OF
cartesian_point := list_to_array(
control points list,0,
upper_index_on_control_points);

WHERE
WR1: (SHEET_METAL.UNIFORM_CURVE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.QUASI_UNIFORM_CURVE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.BEZIER_CURVE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.B_SPLINE_CURVE_WITH_KNOTS' IN TYPEOF(SELF));
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END_ENTITY; -- b_spline_curve

ENTITY b_spline_curve_with_knots
SUBTYPE OF (b_spline_curve);
knot multlpllcmes LIST [2:?] OF INTEGER;

©I1SO

knots : LIST [2:?] OF parameter_value;

knot_spec : knot_type;

ERIVE

Lipper_index_on_knots : INTEGER := SIZEOF(knots);
WHERE

WR1: constraints_param_b_spline(degree,upper_index_on_knots,
upper_index_on_control_points,knot_multiplicities, knots);
WR2: SIZEOF(knot_multiplicities) = upper_index_on_knots;
END_ENTITY; -- b_spline_curve_with_knots

ENTITY b_spline_surface

SUPERTYPE OF (ONEOF (b_spline_surface_with_knots,uniform_surface,
guasi_uniform_surface,bezier_surface) ANDOR
rational_b_spline_surface)

SUBTYPE OF (bounded surface);
I _degree . INTEGER,;
/_degree ! INTEGER,;
:ontrol_points_list LIST [2:?] OF LIST [2:?] OF cartesian_point;
surface_form : b_spline_surface_form;
| closed LOGICAL
/_closed : LOGICAL,;
self _intersect : LOGICAL;
DERIVE
I _upper : INTEGER := SIZEOF(control_points_list) - 1;
/_upper : INTEGER := SIZEOF(control_points_list[1]) - 1;

control_points : ARRAY [0:u_upper] OF ARRAY [0:v_upper] OF

cartesian_point := make_arrayhof_array(
control_points_list,0,u_upper,0,v_upper);

WHERE

WR1: (SHEET_METAL.UNIFORM~SURFACE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.QUASI_UNIFORM_SURFACE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.BEZIER.SURFACE' IN TYPEOF(SELF)) OR (
'SHEET_METAL.B_SPLINE_SURFACE_WITH_KNOTS'IN TYPEOF(SELF));
END_ENTITY; -- b_spline_surface

ENTITY b_spline_surface_with_knots
UBTYPE OF (b_spline_surface);
L_multiplicities ;-LIST [2:?] OF INTEGER,;
V_multiplicitiesy ST [2:?] OF INTEGER,;

n

I _knots LLIST [2:?] OF parameter_value;
/_knots : LIST [2:?] OF parameter_value;
Knot_spec : knot_type;

DERIVE

knot\u_upper : INTEGER := SIZEOF(u_knots);
knot v _upper : INTEGER := SIZEOF(v_knots);

WHERE
WRZ1: constraints_param_b_spline(SELF\b_spline_surface.u_degree,
knot_u_upper,SELF\b_spline_surface.u_upper,u_multiplicities,
u_knots);
WR2: constraints_param_b_spline(SELF\b_spline_surface.v_degree,
knot_v_upper,SELF\b_spline_surface.v_upper,v_multiplicities,
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v_knots);

WR3: SIZEOF(u_multiplicities) = knot_u_upper;
WRA4: SIZEOF(v_multiplicities) = knot_v_upper;
END_ENTITY; -- b_spline_surface_with_knots

ENTITY bezier_curve

S

UBTYPE OF (b_spline_curve);

ISO 10303-207:1999(E)

EN
EN

n

EN

EN
S

EN
EN

EN
EN

=0

EN
EN

n

EN
EN

n

EN
EN

D_ENTITY; -- bezier_curve

TITY bezier_surface

UBTYPE OF (b_spline_surface);
D_ENTITY; -- bezier_surface
TITY block

UBTYPE OF (geometric_representation_item);
position : axis2_placement_3d;

X . length_measure;
Y . length_measure;
4 . length_measure;
D_ENTITY; -- block

TITY boolean_result

UBTYPE OF (geometric_representation_item);
Dperator : boolean_operator;

irst_operand : boolean_operand,;
second_operand : boolean_operand;
D_ENTITY; -- boolean_result

TITY boundary_curve

UBTYPE OF (composite_curve_on_surface);
HERE

WR1: SELF\composite_curve.closed_curye;
D_ENTITY; -- boundary_curve

TITY bounded_curve

UPERTYPE OF (ONEOF (polyline,b” spline_curve,trimmed_curve,
composite_curve, composite_‘curve_segment))

UBTYPE OF (curve);

D_ENTITY; -- bounded_curve

TITY bounded_surface

UPERTYPE OF (ONEOF (b_spline_surface,rectangular_trimmed_surface,
curve_bounded. surface,rectangular_composite_surface))

UBTYPE OF (surface);

D_ENTITY;s*bounded_surface

TITY box.,*domain;
Cornet»<'cartesian_point;
xlength : length_measure;

length : length measure;

zlength : length_measure;
WHERE
WR1: SIZEOF(QUERY (item <* USEDIN(SELF,") | (NOT (

'SHEET_METAL.BOXED_HALF_SPACE' IN TYPEOF(item))) )) = 0;

END_ENTITY; -- box_domain
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ENTITY boxed_half_space

S

UBTYPE OF (half_space_solid);

enclosure : box_domain;
END_ENTITY; -- boxed_half_space

ENTITY brep_with_voids

S

UBTYPE OF (manifold_solid_brep);

©I1SO

EN
EN

=

EN
EN

EN

U)U)@

= 0O

EN
EN

O

=

EN
EN

n

voids : SET [1:7] OF oriented_closed_shell;
D_ENTITY; -- brep_with_voids

TITY calendar_date

UBTYPE OF (date);

Hay component :day_in_month_number;
month_component : month_in_year_number;
HERE

WR1: valid_calendar_date(SELF);
D_ENTITY; -- calendar_date

TITY cartesian_point

UBTYPE OF (point);

coordinates : LIST [1:3] OF length_measure;
D_ENTITY; -- cartesian_point

TITY cartesian_transformation_operator
UPERTYPE OF (cartesian_transformation_operator_3d)
UBTYPE OF (geometric_representation_item,
functionally_defined_transformation);

Axis1 : OPTIONAL direction;

AXiS2 : OPTIONAL direction;

ocal_origin : cartesian_point;

scale : OPTIONAL REAL;

ERIVE

5cl - REAL := NVL(scale,1);

HERE

WR1: scl > 0;

D_ENTITY; -- cartesian_transformation_operator

TITY cartesian_transformation.”operator_3d

UBTYPE OF (cartesian_transformation_operator);

hxis3 : OPTIONAL direetion;

ERIVE

L LIST [3:3] OF direction := base_axis(3,SELF\
cartesian_transformation_operator.axisl,SELF\
cartesian-transformation_operator.axis2,axis3);

HERE

WR1: SELFR\cartesian_transformation_operator.dim = 3;

D_ENTIRLY; -- cartesian_transformation_operator_3d

TITY.change_order
UBTYPE OF (work order);

END_ENTITY; -- change_order

ENTITY circle

S

UBTYPE OF (conic);

radius : positive_length_measure;
END_ENTITY; -- circle
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ENTITY closed_shell
SUBTYPE OF (connected_face_set);
END_ENTITY; -- closed_shell

ENTITY composite_curve
SUBTYPE OF (bounded_curve);

segments : LIST [1:?] OF composite_curve_segment;
5elt_intersect : LOGICAL;
DERIVE

n_segments :INTEGER := SIZEOF(segments);

Closed_curve : LOGICAL := segments[n_segments].transition <>
discontinuous;

WHERE

WR1: (NOT closed_curve) AND (SIZEOF(QUERY (temp <* segments | (
temp.transition = discontinuous) )) = 1)) OR (closed_curve

AND (SIZEOF(QUERY (temp <* segments | (temp.transition =
discontinuous) )) = 0));

END_ENTITY; -- composite_curve

TITY composite_curve_on_surface

UPERTYPE OF (boundary_curve)

UBTYPE OF (composite_curve);

ERIVE

basis_surface : SET [0:2] OF surface := get_basis_surface(SELF);
HERE

WR1: SIZEOF(basis_surface) > 0;

WR2: constraints_composite_curve_on_surface(SELR),
END_ENTITY; -- composite_curve_on_surface

< onn?d

ENTITY composite_curve_segment

SUPERTYPE OF (reparametrised_compositel curve_segment)
SUBTYPE OF (bounded_curve);

ransition : transition_code;

same_sense : BOOLEAN;

barent_curve : curve;

NVERSE

Lising_curves : BAG [1:?] OF composite_curve FOR segments;
WHERE

WR1: 'SHEET_METAL.BOUNDED_CURVE' IN TYPEOF(parent_curve);
END_ENTITY; -- composite “curve_segment

ENTITY configuration:design;

configuration : cenfiguration_item;

Hesign : product_definition_formation;
UNIQUE

Lirl : configuration, design;

END_ENTITY; -- configuration_design

ENTITY. configuration_item;
d . identifier;
name - label;
description : OPTIONAL text;
item_concept : product_concept;
purpose : OPTIONAL label;
UNIQUE
url :id;
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END_ENTITY; -- configuration_item

ENTITY conic

S
S

UPERTYPE OF (ONEOF (circle,ellipse,hyperbola,parabola))
UBTYPE OF (curve);

position : axis2_placement;
END_ENTITY; -- conic

©I1SO
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TITY conical_surface

UBTYPE OF (elementary_surface);
fadius  : length_measure;
semi_angle : plane_angle_measure;
HERE

WR1: radius >= 0;

D_ENTITY; -- conical_surface

TITY connected_edge_set

UBTYPE OF (topological_representation_item);
Ces_edges : SET [1:?] OF edge;

D_ENTITY; -- connected_edge_set

TITY connected face_set

UPERTYPE OF (ONEOF (closed_shell,open_shell))
UBTYPE OF (topological_representation_item);
cfs_faces : SET [1:?] OF face;

D_ENTITY; -- connected_face set

TITY context_dependent_unit
UBTYPE OF (named_unit);

nhame : label;

D_ENTITY; -- context_dependent_unit

TITY contract;

name : label;
burpose : text;

Kind : contract_type;
D_ENTITY; -- contract

TITY contract_assignment
BSTRACT SUPERTYRE;
hssigned_contract : eontract;
D_ENTITY; -- contraet_assignment

TITY contractytype;
Hescription label;
D_ENTITYs'-- contract_type

TITY cenversion_based_unit
UBTYPE OF (named_unit);

hame : label;

conversion_factor : measure_with_unit;
END_ENTITY; -- conversion_based_unit

ENTITY coordinated_universal_time_offset;
hour_offset : hour_in_day;
minute_offset : OPTIONAL minute_in_hour;
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sense : ahead_or_behind;
END_ENTITY; -- coordinated_universal_time_offset

ENTITY csg_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1: SELF.context of items\geometric_representation_context.

coordinate_space_dimension = 3;
WR2: SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF([
'SHEET_METAL.CSG_SOLID','SHEET_METAL.EXTRUDED_AREA_SOLID',
'SHEET_METAL.REVOLVED_AREA_SOLID!,
'SHEET_METAL.SOLID_REPLICA','SHEET_METAL.MAPPED_ITEM,
'SHEET_METAL.AXIS2_PLACEMENT_3D'* TYPEOF(it)) = 1)) )) =
WR3: SIZEOF(QUERY (it <* SELF.items | (SIZEOF([
'SHEET_METAL.CSG_SOLID','SHEET_METAL.EXTRUDED_AREA_SOLID}
'REVOLVED_AREA_SOLID','SHEET_METAL.SOLID_REPLICA,
'SHEET_METAL.MAPPED_ITEMY * TYPEOF(it)) = 1) )) >=1;
WR4: SIZEOF(QUERY ( it <* SELF.items | ((SHEET_METAL.MAPPED_ITEM'
IN TYPEOF(it)) AND (NOT (SIZEOF([
'SHEET_METAL.CSG_SHAPE_REPRESENTATION',
'SHEET_METAL.FACETED_BREP_SHAPE_ REPRESENTATION'
'SHEET_METAL.ADVANCED_BREP_SHAPE_REPRESENTATION'] * TYPEOF(
it\mapped_item.mapping_source.mapped_representation)))= 1))) ))

EN D_ENTI"I'Y; -- csg_shape_representation

ENTITY csg_solid

SUBTYPE OF (solid_model);
ree_root_expression : csg_select;
END_ENTITY; -- csg_solid

ENTITY curve

SUPERTYPE OF (ONEOF (line,conic,pcurve,surface_curve,offset_curve_3d,
curve_replica))

UBTYPE OF (geometric_representation_item);

END_ENTITY; -- curve

n

ENTITY curve_bounded_surface

SUBTYPE OF (bounded_surface);

basis_surface : surface;

boundaries  : SET J1:2] OF boundary_curve;

mplicit_outer : BOOLEAN;

HERE

WR1: NOT (implicit_outer AND ('SHEET_METAL.OUTER_BOUNDARY_CURVE' IN

TYPEOF(boundaries)));

WR2: (NOT implicit_outer) OR ('SHEET_METAL.BOUNDED_SURFACE' IN

TYREOF(basis_surface));

WR3:SIZEOF(QUERY ( temp <* boundaries | (
'SHEET_METAL.OUTER_BOUNDARY_CURVE' IN TYPEOF(temp)) )) <= 1;

WRA: SIZEOF(QUERY ( temp <* boundaries | (temp\
composite_curve_on_surface.basis_surface[1] :<>: SELF.
basis_surface) )) = 0;

END_ENTITY; -- curve_bounded_surface

=

ENTITY curve_replica
SUBTYPE OF (curve);
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parent_curve : CUrve;
transformation : cartesian_transformation_operator;
WHERE
WRZ1: transformation.dim = parent_curve.dim;
WR2: acyclic_curve_replica(SELF,parent_curve);
END_ENTITY; -- curve_replica

©I1SO

ENTITY cylindrical_surface
SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY; -- cylindrical_surface

ENTITY date

SUPERTYPE OF (ONEOF (calendar_date,ordinal_date,
week _of year_and_day_date));

year_component : year_number;

END_ENTITY; -- date

ENTITY date_and_time;

Hate _component : date;
ime_component : local_time;
END ENTITY; -- date_and_time

ENTITY date_and_time_assignment

ABSTRACT SUPERTYPE;
hssigned_date_and_time : date_and_time;
ole : date_time_role;

END_ENTITY; -- date_and_time_assignment

ENTITY date_assignment
BSTRACT SUPERTYPE;
hssigned_date : date;

ole : date_role;
END_ENTITY; -- date_assignment

>

ENTITY date_role;
nhame : label;
END _ENTITY; -- date_role

ENTITY date_time_role;
nhame : label;
END_ENTITY; -- date\twne_role

ENTITY dated_effectivity

UBTYPE OF (effectivity);

effectivity/start_date : date_and_time;
pffectivitysend_date : OPTIONAL date_and_time;
END_ENSHTY; -- dated_effectivity

n

ENTITY datum

SUBTYPE OF (shape_aspect);
identification : label;
INVERSE
established_by relationships : SET [1:?] OF
shape_aspect_relationship FOR
related_shape_aspect;
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WHERE
WR1: SIZEOF(QUERY ( x <* SELF.established_by relationships | (
SIZEOF(TYPEOF(x.relating_shape_aspect) *
'SHEET_METAL.DATUM_FEATURE',
'SHEET_METAL.DATUM_TARGET]) <> 1) )) = 0;
WR2: SIZEOF(QUERY ( x <* SELF.established by_relatlonshlps | (
SIZEOF(TYPEOF(x.relating_shape aspect) *
SHEET _METAL.DATUM_FEATURE',
'SHEET_METAL.DATUM_TARGET_FEATURE) <> (TYPEOF(SELF.
established_by _relationships[1].relating_shape_aspect) * [
'SHEET_METAL.DATUM_FEATURE',
'SHEET_METAL. DATUM_TARGET_FEATURE'])) ) =0;
END_ENTITY; -- datum

ENTITY datum_reference;

brecedence . INTEGER,;
referenced_datum : datum;
WHERE

WR1: precedence > 0;
END ENTITY; -- datum_reference

ENTITY datum_target

SUBTYPE OF (shape_aspect);
grget_id - identifier;
INVERSE

grget_basis_relationship : shape_aspect_relationship FOR

relating_shape_aspect;

WHERE

\VR1: SIZEOF (QUERY (sar<* bag_to_set (USEDIN (SELF,

'PRODUCT_PROPERTY_DEFINITION_SCHEMA.SHAPE_ASPECT_RELATIONSHIP.' +
'RELATING_SHAPE_ASPECT")

| NOT ('SHAPE_ASPECT_DEFINITION_SCHEMA.DATUM' IN TYPEOF

(sar.related_shape_aspect))))=0;

VR2: SELF.product_definitional = TRUE;

D_ENTITY; -- datum_target

m
= =

TITY definitional_representation

UBTYPE OF (representation);

HERE

WR1: 'SHEET _METAL-PARAMETRIC_REPRESENTATION_CONTEXT' IN TYPEOF(SELF\
representation ,eontext_of_items);

END_ENTITY; -- definifienal_representation

<D

ENTITY degenerate’ pcurve
SUBTYPE OF.(point);
pasis_surface  : surface;
referenceyto_curve : definitional_representation;
HERE
WR s SIZEOF(reference_to_curve\representation.items) = 1;
WR2: 'SHEET METAL.CURVE' IN TYPEOF(reference to curve\representation
Items[1]);
WR3: reference_to_curve\representation.items[1]\
geometric_representation_item.dim = 2;
END_ENTITY; -- degenerate_pcurve

=

ENTITY degenerate_toroidal_surface
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SUBTYPE OF (toroidal_surface);
select_outer : BOOLEAN;
WHERE
WR1: major_radius < minor_radius;
END_ENTITY; -- degenerate_toroidal_surface

ENTITY derived_unit;

©I1SO

elements @ SET [1:7] OF derived_unit_element;

WHERE

WR1: (SIZEOF(elements) > 1) OR ((SIZEOF(elements) = 1) AND (elements
[1].exponent <> 1));

END ENTITY; -- derived_unit

ENTITY derived_unit_element;

init  : named_unit;

exponent : REAL,;

END _ ENTITY; -- derived_unit_element

ENTITY descriptive_representation_item
SUBTYPE OF (representation_item);
Hescription : text;

END_ENTITY; -- descriptive_representation_item

TITY die_definition_constraint_relationship

UBTYPE OF (product_definition_relationship);

HERE

WR1: SELF\product_definition_relationship.related_product_definition
.frame_of_reference.life_cycle_stage =

'as design constrained’;

WR2: product_type_of product(SELF.relating._product_definition.
formation.of_product,product_type).name*IN ['die'];

WR3: product_type_of product(SELF.related_product_definition.
formation.of_product,product_type).name IN ['die'];
END_ENTITY; -- die_definition_constraint,relationship

<D

ENTITY dimensional_characteristic. representation;
dimension  : dimensional_characteristic;
representation : shape_dimension_representation;
END_ENTITY; -- dimensional ;eharacteristic_representation

ENTITY dimensional_exponents;

ength_exponent : REAL;
mass_exponent - REAL,;
ime_exponent : REAL;
blectric_current_exponent - REAL;
hermodyriamic_temperature_exponent : REAL;
hmount_of” substance_exponent : REAL;
umin@us_intensity_exponent : REAL;

END-ENTITY; -- dimensional_exponents

ENTITY dimensional_location
SUPERTYPE OF (ONEOF (angular_location,dimensional_location_with_path))
SUBTYPE OF (shape_aspect_relationship);

END_ENTITY; -- dimensional_location

ENTITY dimensional_location_with_path
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SUBTYPE OF (dimensional_location);

path : shape_aspect;

END_ENTITY; -- dimensional_location_with_path

ENTITY dimensional_size;

applies_to : shape_aspect;
name - label;

ISO 10303-207:1999(E)
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HERE
WR1: applies_to.product_definitional = TRUE;
D_ENTITY; -- dimensional_size

TITY directed_action

UBTYPE OF (executed_action);
Hirective : action_directive;
D_ENTITY; -- directed_action

TITY direction

UBTYPE OF (geometric_representation_item);

Hirection_ratios : LIST [2:3] OF REAL,;

HERE

WR1: SIZEOF(QUERY (tmp <* direction_ratios | (tmp <> 0) )) > 0;
D_ENTITY; -- direction

TITY document;

d : identifier;

hame . label;
Hescription : text;

kind : document_type;
NIQUE

Lrl : id;

D_ENTITY; -- document

TITY document_reference
BSTRACT SUPERTYPE;
hssigned_document : document;
source . label,

D_ENTITY; -- document_reference

TITY document_type;
broduct_data_type : label;
D_ENTITY; -- document_type

TITY edge

UPERTYPE OF (ONEOF (edge_curve,oriented_edge))
UBTYPE OF. (topological_representation_item);
pdge_start vertex;

pdge_end: vertex;

D_ENCHITY; -- edge

TITY edge based wireframe model

SUBTYPE OF (geometric_representation_item);

ebwm_boundary : SET [1:?] OF connected_edge_set;

END_ENTITY; -- edge_based_wireframe_model

ENTITY edge_based_wireframe_shape_representation
SUBTYPE OF (shape_representation);
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WHERE
WR1 : SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF(|

WR2 :

'SHEET _METAL.EDGE_BASED_WIREFRAME_MODEL',
'SHEET_METAL. MAPPED ITEM','SHEET METAL.AXIS2_PLACEMENT _3D/]
* TYPEOF(it)) = 1)) )) =

SIZEOF(QUERY (it <* SELF items | (SIZEOF([

'SHEET METAL.EDGE BASED WIREFRAME MODEL',

©I1SO

WRS :

WR4 :

WRS :

WRG :

WR7 :

WRS :

SHEET_METAL.MAPPED _ITEMT® TYPEOF()) = 1))) >= 1,
SIZEOF(QUERY ( ebwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.EDGE_BASED_WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( eb <* ebwm\
edge_based_wireframe_model.ebwm_boundary | (NOT (SIZEOF(
QUERY (edges <* eb.ces_edges | (NOT (
'SHEET_METAL.EDGE_CURVE' IN TYPEOF(edges))) )) =

0))=0))) =0; | _

SIZEOF(QUERY ( ebwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.EDGE_BASED_WIREFRAME_MODEL' IN TYPEOFR(it)) )
| (NOT (SIZEOF(QUERY ( eb <* ebwm\
edge_based_wireframe_model.ebwm_boundary | (NOT (SIZEOK(
QUERY ( pline_edges <* QUERY ( edges <* eb.ces_edges | (
'SHEET_METAL.POYLINE' IN TYPEOF(edges\edge_curve.
edge_geometry)) ) | (NOT (SIZEOF(pline_edges\edge curve.
edge_geometry\polyline.points) > 2)))) =0)) ))=0)))) =

O.

SIZEOF(QUERY ( ebwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.EDGE_BASED_WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( eb <* ebwm\
edge_based_wireframe_model.ebwm_bounddry | (NOT (SIZEOF(
QUERY (edges <* eb.ces_edges | (NOT (¢
'SHEET_METAL.VERTEX_POINT' IN TYPEOF(edges.edge_start)) AND
('SHEET_METAL.VERTEX_POINT' IN\FYPEOF(edges.edge_end))))))
=0))))=0)))) = 0;

SIZEOF(QUERY ( ebwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.EDGE_BASED \WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( eb<* ebwm\
edge_based_wireframe_model.ebwm_boundary | (NOT (SIZEOF(
QUERY ( edges <* eb.cés_edges | (NOT
valid_wireframe_edge~curve(edges\edge_curve.edge geometry,
'AIC_EDGE_BASED :WIREFRAME") )) =0)) )) = 0)))) =

SIZEOF(QUERY-( ebwm <* QUERY ( it <* SELF.items | (
'SHEET_METAL.EDGE_BASED_WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( eb <* ebwm\
edge_based_wireframe_model.ebwm_boundary | (NOT (SIZEOF(
QUERY~(‘edges <* eb.ces_edges | (NOT (
valid_wireframe_vertex_point(edges.edge_start\vertex_point.

vertext geometry,'AIC_EDGE_BASED_WIREFRAME') AND

valid wireframe_vertex_point(edges.edge_end\vertex_point.
vertex_geometry,'AIC_EDGE_BASED_ WIREFRAMEY)))) =0)))) =

0)))) = 0;

SIZEOF(QUERY ( ebwm <* QUERY (it <* SELF.items | (
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IN TYPEOF(con_edges\edge_curve.edge_geometry\conic.position)))
)=0)))=0))) =0;

WRO : SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items | (

'SHEET_METAL.MAPPED_ITEM' IN TYPEOKF(it)) ) | (NOT ((
'SHEET_METAL.' +
'EDGE_BASED_WIREFRAME_SHAPE_REPRESENTATION') IN TYPEOF(mi\
mapped_item.mapping_source.mapped_representation))) )) = 0;

EN
EN

EN

op?

=

EN
EN

EN
EN

EN
EN

n

EN

EN
S

EN

[WRT0: SELF.contexi_of_items\geometric_representafion_coniext.
coordinate_space_dimension = 3;
D_ENTITY; -- edge_based_wireframe_shape_representation

TITY edge_curve

UBTYPE OF (edge, geometric_representation_item);
bdge_geometry : curve;

same_sense : BOOLEAN,;

D_ENTITY; -- edge_curve

TITY edge_loop

UBTYPE OF (loop, path);

ERIVE

he : INTEGER := SIZEOF(SELF\path.edge_list);

HERE

WR1: SELF\path.edge_list[1].edge_start :=: SELF\path.edge_list[ne].
edge_end;

D_ENTITY; -- edge_loop

TITY effectivity

UPERTYPE OF (ONEOF (serial_numbered_effectivity,dated_effectivity));

d : identifier;

D_ENTITY; -- effectivity

TITY elementary_surface

UPERTYPE OF (ONEOF (plane,cylindrical_surface,conical_surface,
spherical_surface,toroidal_surface))

UBTYPE OF (surface);

pbosition : axis2_placement_3d;

D_ENTITY; -- elementary_surface

TITY ellipse

UBTYPE OF (conic);

semi_axis_1 : positive\length_measure;
semi_axis_2 : positive/ length_measure;
D_ENTITY; -- ellipse

TITY evaluatéd_degenerate_pcurve
UBTYPE/OF (degenerate_pcurve);
bquivalentpoint : cartesian_point;
D_ENPHITY; -- evaluated_degenerate_pcurve

EN

TITY executed action

S

UBTYPE OF (action);

END_ENTITY; -- executed_action

ENTITY extruded_area_solid

S

UBTYPE OF (swept_area_solid);

extruded_direction : direction;
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depth : positive_length_measure;
WHERE
WRZ1: dot_product(SELF\swept_area_solid.swept_area.basis_surface\

elementary_surface.position.p[3],extruded_direction) <> 0;

END_ENTITY; -- extruded_area_solid

ENTITY face

©I1SO

S
W

EN
EN

EN
EN

n

EN
EN

EN
EN

n

EN
EN

=0

PERTYPE OF (ONEOF (face_surface,oriented_face))
UBTYPE OF (topological_representation_item);
bounds : SET [1:?] OF face_bound;
HERE
WR1: NOT mixed_loop_type_set(list_to_set(list_face_loops(SELF)));
WR2: SIZEOF(QUERY (temp <* bounds | (SHEET_METAL.FACE_OUTER_BOUND?
IN TYPEOF(temp)) )) <= 1,
D_ENTITY; -- face

TITY face_bound

UBTYPE OF (topological_representation_item);
bound > loop;

prientation : BOOLEAN;

D_ENTITY; -- face_bound

TITY face_outer_bound
UBTYPE OF (face_bound);
D_ENTITY; -- face_outer_bound

TITY face_surface

UBTYPE OF (face, geometric_representation_itemy;
ace_geometry : surface;

same_sense : BOOLEAN,;

D_ENTITY; -- face_surface

TITY faceted_brep
UBTYPE OF (manifold_solid_brep);
D_ENTITY; -- faceted_brep

TITY faceted_brep_shape_representation

UBTYPE OF (shape_repregentation);

HERE

WR1: SIZEOF(QUERY-( it<* SELF.items | (NOT (SIZEOF([
'SHEET_METAL:EACETED_BREP','SHEET_METAL.MAPPED_ITEM',
'SHEET_METAL/AXIS2_PLACEMENT_3D'* TYPEOF(it)) = 1)) )) =

WR2: SIZEOF(QUERY (it <* SELF.items | (SIZEOF([
'SHEET-METAL.FACETED_BREP','SHEET_METAL.MAPPED_ITEM" *
TYPEOF(it)) = 1) )) > 0;

WR3: SIZEQF(QUERY ( fbrep <* QUERY (it <* SELF.items | (
'SHEET_METAL.FACETED_BREP' IN TYPEOF(it)) ) | (NOT (SIZEOF(
QUERY ( csh <* msb_shells(fbrep,'AIC_FACETED BREP") | (NOT (
SIZEOF(QUERY ( fcs <* csh.cfs_faces | (NOT ((

'SHEET_METAL.FACE_SURFACE' IN TYPEOF(fcs)) AND (

'SHEET_METAL.PLANE' IN TYPEOF(fcs\face_surface.face_geometry))
AND ('SHEET_METAL.CARTESIAN_POINT' IN TYPEOF(fcs\
face_surface.face geometry\elementary surface.position.

location)))) )) = 0)))) =0)) )) =

WR4: SIZEOF(QUERY (forep <* QUERY (it <* SELF.items | (

'SHEET_METAL.FACETED_BREP' IN TYPEOF(it)) ) | (NOT (SIZEOF(
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QUERY ( csh <* msb_shells(fbrep,’AIC_FACETED_BREP") | (NOT (
SIZEOF(QUERY ( fcs <* csh.cfs_faces | (NOT (SIZEOF(
QUERY ( bnds <* fcs.bounds | (SHEET _METAL.FACE_OUTER_BOUND'
IN TYPEOF(bnds)) ) = 1)) ) = 0)) )) 0)))) = 0;
WR5: SIZEOF(QUERY ( msb <* QUERY (it <* SELF.items | (
'SHEET_METAL.MANIFOLD_SOLID_BREP' IN TYPEOF(it)) ) | (
'SHEET METAL.ORIENTED _ CLOSED SHELL' IN TYPEOF(msb\
manifold_solid_brep.outer)) )) =
WR6: SIZEOF(QUERY (brv <* QUERY (it <* SELF.items | (
'SHEET_METAL.BREP_WITH_VOIDS' IN TYPEOF(it)) ) | (NOT (
SIZEOF(QUERY ( csh <* brv\brep_with_voids.voids | csh\
oriented_closed_shell.orientation )) = 0)))) = 0;
WR7: SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items | (
'SHEET_METAL. MAPPED ITEM' IN TYPEOF(it)) ) | (NOT (
'SHEET_METAL.FACETED_BREP_SHAPE REPRESENTATION IN TYPEOF(mi
\mapped_item.mapping_source.mapped_representation))) )) =
END_ENTITY; -- faceted_brep_shape_representation

ENTITY functionally _defined_transformation;

hame . label;

Hescription : text;

END_ENTITY; -- functionally _defined_transformation

TITY geometric_curve_set

UBTYPE OF (geometric_set);

HERE

WR1: SIZEOF(QUERY (temp <* SELF\geometric_set:elements | (
'SHEET_METAL.SURFACE' IN TYPEOF(temp))*)) = O;
END_ENTITY; -- geometric_curve_set

<D

ENTITY geometric_representation_context
SUBTYPE OF (representation_context);
coordinate_space_dimension : dimension “count;
END_ENTITY; -- geometric_representation:_context

ENTITY geometric_representation_item

SUPERTYPE OF (ONEOF (paint,direction,vector,placement,
cartesian_transformation_operator,curve,surface,edge_curve,
face_surface,poly_loop,vertex_point,solid_model,boolean_result,
sphere,right_circular_eone,right_circular_cylinder,torus,block,
right_angular_wedge;half_space solid,shell_based_ surface _model,
shell_based_wireframe_model,edge_based_wireframe_model,
geometric_set))

SUBTYPE OF f(representation_item);
DERIVE

dim : dimension_count := dimension_of(SELF);
WHERE

WR1SSIZEOF(QUERY ( using_rep <* using_representations(SELF) | (NOT
('SHEET_METAL.GEOMETRIC_REPRESENTATION_CONTEXT' IN TYPEOF(
using rep.context of items))))) = 0;

END_ENTITY; -- geometric_representation_item

ENTITY geometric_set
SUPERTYPE OF (geometric_curve_set)
SUBTYPE OF (geometric_representation_item);
elements : SET [1:?] OF geometric_set_select;
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END_ENTITY; -- geometric_set

ENTITY geometric_tolerance;

name - label;

description s text;

magnitude : measure_with_unit;

toleranced_shape aspect : shape_ aspect;
WHERE

WR1: magnitude.value_component >= 0;
END_ENTITY; -- geometric_tolerance

ENTITY geometric_tolerance_with_datum_reference
SUBTYPE OF (geometric_tolerance);

Hatum_system : SET [1:?] OF datum_reference;
END_ENTITY; -- geometric_tolerance_with_datum_reference

TITY geometrically_bounded_surface_shape_representation

UBTYPE OF (shape_representation);

HERE

WR1: SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF([
'SHEET_METAL.GEOMETRIC_SET','SHEET_METAL.MAPPED ITEM'
'SHEET_METAL.AXIS2_PLACEMENT_3D' * TYPEOF(it))& 1)) )) =

WR2: SIZEOF(QUERY (it <* SELF.items | (SIZEOF([

'SHEET_METAL. GEOMETRIC SET','SHEET_METALMAPPED_ITEMT *
TYPEOF(it)) = 1))) >

WRS3: SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items\P(
'SHEET_METAL.MAPPED_ITEM' IN TYPEOF(it));) | (NOT ((
'SHEET_METAL.' +
'GEOMETRICALLY_BOUNDED_SURFACE\SHAPE_REPRESENTATION') IN
TYPEOF(mi\mapped_item.mapping_source.mapped_representation)))

) =0;
WRA4: SIZEOF(QUERY ( gs <* QUERY (it&F SELF.items | (
'SHEET_METAL.GEOMETRIC_SET“IN TYPEOK(it)) ) | (NOT (SIZEOF(
QUERY ( pnt <* QUERY ( gsel-<* gs\geometric_set.elements | (
'SHEET_METAL.POINT' IN TYPEOF(gseI))) | (NOT
gbsf_check_point(pnt)) )) =.0)))) =
WR5: SIZEOF(QUERY ( gs <*'QUERY ( it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_SET' IN TYPEOK(it)) ) | (NOT (SIZEOF(
QUERY ( cv <* QUERY/( gsel <* gs\geometric_set.elements | (
'SHEET_METAL.CURVE' IN TYPEOF(gseI))) | (NOT
gbsf_check_curve(cv)))) = 0)))) =
WR6: SIZEOF(QUERY ( gs <* QUERY ( it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_SET' IN TYPEOK(it)) ) | (NOT (SIZEOF(
QUERY{ sf/<* QUERY ( gsel <* gs\geometric_set.elements | (
'SHEETMETAL.SURFACE' IN TYPEOF(gsel)) ) | (NOT
gbsf-gheck_surface(sf)) )) = 0)) )) = 0;
END_ ENTITY; -- geometricalIy_bounded_surface_shape_representation

<D

ENTITY.geometrically_bounded_wireframe_shape_representation
UBTYPE OF (shape representation);
WHERE
WR1: SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF(TYPEOF(it) *
'SHEET_METAL.GEOMETRIC_CURVE_SET,
'SHEET_METAL.AXIS2_PLACEMENT_3D''SHEET_METAL.MAPPED_ITEMY)
=1)))=0;
WR2: SIZEOF(QUERY (it <* SELF.items | (SIZEOF(TYPEOF(it) * [

n
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'SHEET_METAL.GEOMETRIC_CURVE_SET''SHEET_METAL.MAPPED_ITEMY)
=) >=1

WR3: SIZEOF(QUERY ( gcs <* QUERY (it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_CURVE_SET' IN TYPEOF(it)) ) | (NOT (
SIZEOF(QUERY ( crv <* QUERY ( elem <* gcs\geometric_set.
elements | (SHEET_METAL.CURVE' IN TYPEOF(elem)) ) | (NOT
valid _geometrically bounded wf curve(crv,
"AIC_GEOMETRICALLY_BOUNDED_WIREFRAME)))) = 0)))) =

WR4: SIZEOF(QUERY ( gcs <* QUERY (it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_CURVE_SET' IN TYPEOF(it)) ) | (NOT (
SIZEOF(QUERY ( pnts <* QUERY ( elem <* gcs\geometric_set.
elements | (SHEET_METAL.POINT' IN TYPEOF(elem)) ) | (NOT
valid_geometrically_bounded_wf_point(pnts,
'‘AIC_GEOMETRICALLY_BOUNDED_WIREFRAME"))) =0)))) =

WR5: SIZEOF(QUERY ( gcs <* QUERY (it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_CURVE_SET' IN TYPEOF(it)) ) | (NOT ¢
SIZEOF(QUERY ( cnc <* QUERY ( elem <* gcs\geometric_set.
elements | (SHEET_METAL.CONIC' IN TYPEOF(elem)) ) | (NOT (
'SHEET_METAL. AXISZ PLACEMENT_3D' IN TYPEOF(cnc\conic;
position))) )) = 0)) )) = | _

WR6: SIZEOF(QUERY ( gcs <* QUERY (it <* SELF.items | (
'SHEET_METAL.GEOMETRIC_CURVE_SET' IN TYPEOFK(it))) | (NOT (
SIZEOF(QUERY ( pline <* QUERY ( elem <* gcs\geometric " set.
elements | (SHEET_METAL.POLYLINE' IN TYPEOF(eIem))) | (

NOT (SIZEOF(pline\polyline.points) > 2)) )) = 0)) )) =

WR7: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items)| (
'SHEET_METAL.MAPPED_ITEM' IN TYPEOF(it));) | (NOT ((
'SHEET_METAL.' +
'GEOMETRICALLY_BOUNDED_WIREFRAME_SHAPE_REPRESENTATION') IN
TYPEOF(mi\mapped_item.mapping_source.mapped_representation)))

WRS: SELI':.context_of_items\geometric_representation_context.
coordinate_space_dimension = 3;
END_ENTITY; -- geometrically_bounded_ wireframe_shape_representation

ENTITY global_uncertainty assigned-context

SUBTYPE OF (representation_centext);

Lincertainty : SET [1:?] OF uncertainty_measure_with_unit;
END_ENTITY; -- global_uncertainty_assigned_context

ENTITY half_space_solid

SUBTYPE OF (geometric_representation_item);
base_surface .-surface;
hgreement_flags,BOOLEAN,;

END_ENTITY;s.% half_space_solid

TITY hyperbola

UBTY.PE OF (conic);

semihaxis @ positive_length_measure;
Semi imag_ axis : positive length measure;
END_ENTITY; -- hyperbola

0?Z

ENTITY input_item_die_relationship
SUBTYPE OF (product_definition_relationship);
WHERE
WRZ1: product_type_of product(SELF.relating_product_definition.
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formation.of _product,product_type).name = 'die’;
WR2: product_type_of product(SELF.related_product_definition.
formation.of _product,product_type).name IN ['material’,
‘part];
END_ENTITY; -- input_item_die_relationship

ENTITY intersection_curve

©I1SO

BTYPE OF (surface_curve),
WHERE

WR1: SIZEOF(SELF\surface_curve.associated_geometry) = 2;

WR2: associated_surface(SELF\surface_curve.associated_geometry[1])
<> associated_surface(SELF\surface_curve.associated_geometry

[2]);
END_ENTITY; -- intersection_curve

ENTITY item_defined_transformation;

hame . label;

Hescription  : text;

ransform_item_1 : representation_item;
ransform_item_2 : representation_item;

END _ENTITY; -- item_defined_transformation

TITY length_measure_with_unit

UBTYPE OF (measure_with_unit);

HERE

WR1: 'SHEET _METAL.LENGTH_UNIT' IN TYPEOF(SELF\measure_with_unit.
unit_component);

END_ENTITY; -- length_measure_with_unit

<D

TITY length_unit

UBTYPE OF (named_unit);

HERE

WR1: (SELF\named_unit.dimensions.length_exponent = 1) AND (SELF\
named_unit.dimensions.mass_exponent = 0) AND (SELF\
named_unit.dimensions.time/exponent = 0) AND (SELF\
named_unit.dimensions.electric_current_exponent = 0) AND (
SELF\named_unit.dimensions.
thermodynamic_temperature_exponent = 0) AND (SELF\named_unit
.dimensions.amount_of”substance_exponent = 0) AND (SELF\
named_unit.dimensions.luminous_intensity _exponent = 0);
END_ENTITY; -- length-_ unit

<D

ENTITY limits_and-fits;
orm_variance- label;
yone_variance.: label;

hrade i label;

source : text;

END ENHTY; -- limits_and_fits

ENTITY line

SUBTYPE OF (curve);
pnt : cartesian_point;
dir : vector;

WHERE
WRZ1: dir.dim = pnt.dim;

END_ENTITY; -- line
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ENTITY local _time;
hour_component : hour_in_day;
minute_component : OPTIONAL minute_in_hour;
second_component : OPTIONAL second_in_minute;
zone : coordinated_universal_time_offset;

WHERE

WR1: valid_time(SELF);

END_ENTITY; --Tocal_time

ENTITY loop

UPERTYPE OF (ONEOF (vertex_loop,edge_loop,poly_loop))
UBTYPE OF (topological_representation_item);
END_ENTITY; -- loop

(20 0))

ENTITY make_from_usage_option
SUBTYPE OF (product definition_usage);

fanking ! INTEGER,;

'anking_rationale : text;

uantity : measure_with_unit;
WHERE

WR1: ranking > O;
END_ENTITY; -- make_from_usage_option

ENTITY make_from_usage_option_group;

members : SET [2:?] OF make_from_usage_option;

WHERE

WR1: SIZEOF (QUERY (example <* members |
example.related_product_definition

:=: members [1].related_product_definition)) =SIZEOF(members);
END_ENTITY; -- make_from_usage_option_group

ENTITY manifold_solid_brep
SUBTYPE OF (solid_model);

puter : closed_shell;
END_ENTITY; -- manifold_solid_brep

TITY manifold_surface_shape\\representation

UBTYPE OF (shape_repregentation);

HERE

WR1 : SIZEOF(QUERY-( jt’<* SELF.items | (NOT (SIZEOF([
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL',

'SHEET_METAL. MAPPED ITEM',SHEET_METAL.AXIS2_PLACEMENT_3D']

* TYPEOF(it)) = 1)) )) =

WR2 : SIZEOR(QUERY (it <* SELF items | (SIZEOF([

'SHEET. METAL.SHELL_BASED_SURFACE_MODEL',

'SHEET_METAL.MAPPED_ITEMT * TYPEOF(it)) = 1) )) >0;

WR3 : SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items | (
'‘SHEET_METAL.MAPPED_ITEM' IN TYPEOF(it)) ) | (NOT (
'SHEET_METAL.MANIFOLD_SURFACE_SHAPE_REPRESENTATION' IN

TYPEOF(mi\mapped item.mapping sourc e.mapped representation))) ))

<D

=0,

WR4 : SIZEOF(QUERY ( shsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ('sh <* shsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(['SHEET_METAL.OPEN_SHELL',
'SHEET_METAL.CLOSED_SHELL'] * TYPEOF(sh)) = 1)) )) = 0))))
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WR5:

= 0;

SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOK(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces | (NOT (SIZEOF([

'SHEET METAL.FACE_SURFACE''SHEET METAL.ORIENTED FACE*

©I1SO

WRG :

WR7 :

WRS :

WRO :

TYPEOFR(fa)) = 1)))) = 0)))) = 0)) )) = 0, _
SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY (f_sf <* QUERY ( fa <*
cfs\connected_face_set.cfs_faces | (

'SHEET_METAL.FACE_SURFACE' IN TYPEOF(fa)) ) | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(f_sf)) OR (SIZEOF([
'SHEET_METAL.OFFSET_SURFACE','SHEET_METAL.SURFACE_REPLICA
* TYPEOF(f_sf\face_surface.face_geometry)) = 1))) )) = 0)) ))

=0)))) =0;

SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYREOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_madel.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)}.OR
basis_surface_check(fa\face_surface.face_geometry))) )) =

0)) =0))) =0; _ _

SIZEOF(QUERY ( sbsm <* QUERY (it <* SELEz;jtems | (
'SHEET_METAL.SHELL_BASED_SURFACE‘MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell.based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY/(fa <* cfs\
connected_face_set.cfs_faces | (NOT {(
'SHEET_METAL.ADVANCED_FACE"IN TYPEOF(fa)) OR (SIZEOF(
QUERY ( bnds <* fa.bounds | (NOT (SIZEOF([
'SHEET_METAL.EDGE_LOOP'{SHEET_METAL.VERTEX_LOOP'] *
TYPEOF(bnds.bound)) = 1)))):= 0))) )) =0)) )) = 0)))) = 0;
SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELLYBASED SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY.{'cfs <* sbsm\shell_based_surface_model.
sbsm_boundary | (NOF (SIZEOF(QUERY ( fa <* cfs\

connected_face set:cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)) OR (SIZEOF(
QUERY ( elpnfbhds <* QUERY ( bnds <* fa.bounds | (
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds)) ) | (NOT (SIZEOF(
QUERY-(0é <* elp_fbnds.bound\path.edge_list | (NOT (

'SHEET. METAL.EDGE CURVE‘ IN TYPEOF(oe.edge_element))) )) =

0))E 0) )) 0)) ))=0)))) =

WR10:SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (

‘SHEET METAL SHELL_BASED_SURFACE_MODEL' IN TYPEOKF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_model.
sbsm boundary | (NOT (SIZEOF(QUERY (fa <* cfs\
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edge_element)) ) | (NOT (SIZEOF([
'SHEET_METAL.CURVE_REPLICA''SHEET_METAL.OFFSET_CURVE_3D',
'SHEET _METAL.PCURVE *TYPEOF(oe cv.edge_element\
edge_curve.edge_geometry)) = 1)) )) =0)) )) =0))))) =
0)) =0)))) =0; | _
WR11: SIZEOF(QUERY ( shsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOFHQUERY ( cfs <* sbsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)) OR (SIZEOF(
QUERY (elp_fbnds <* QUERY ( bnds <* fa.bounds | (
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.edge_list | (NOT
basis_curve_check(oe.edge element\edge_curve.edge_geometry))))
=0)))) = 0))) )) 0)) N=0))=0; _
WR12: SIZEOF(QUERY ( sbsm <* QUERY (it <* SELF.items | (
'SHEET METAL SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)) OR{(SIZEOF(
QUERY (elp_fbnds <* QUERY ( bnds <* fa.bounds | (
'SHEET_METAL.EDGE_LOOP' IN TYPEOF(bnds)) ) [\(NOT (SIZEOF(
QUERY ( oe <* elp_fbnds.bound\path.edge_list | (NOT ((
'SHEET_METAL.VERTEX_POINT' IN TYPEOF(oe:edge_element.
edge_start)) AND ('SHEET_METAL.VERTEX_RQINT' IN TYPEOF(oe.
851)9)5)3 egement .edge_end)))) ) = 0)))) = 0))) J50)) ) =
WR13: SIZEOF(QUERY ( shsm <* QUERY (it &¥ SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces:|(NOT ((
'SHEET_METAL.ADVANCED FACE' IN TYPEOF(fa)) OR (SIZEOF(
QUERY ( elp_fbnds <* QUERY ( bnds <* fa.bounds | (
'SHEET_METAL.EDGE_‘LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(QUERY ( oe=<*elp_fbnds.bound\path.edge_list | (NOT
((SIZEOF(['SHEET/METAL.CARTESIAN_POINT,
'SHEET_METAL-DEGENERATE_PCURVE!,
'SHEET_METAL.POINT_ON_CURVE', ‘SHEET_METAL.POINT_ON_SURFACE']
* TYPEOF(0e.edge_element.edge_start\vertex_point.
vertex_geemetry)) = 1) AND (SIZEOF([
'SHEETHAMETAL.CARTESIAN_POINT',
'SHEET. METAL.DEGENERATE_PCURVE',
'SHEET_METAL.POINT_ON_CURVE','SHEET_METAL.POINT_ON_SURFACE']
* TYPEOF(oe.edge_element.edge end\vertex _point.
é%gt)ex Ogeometry)) DNN=0))=0)))))=0))) =
WRI14: SIZEOF(QUERY (. sbsm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell_based_surface_model.
sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cfs\
connected_face_set.cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)) OR (SIZEOF(
QUERY (vip_fbnds <* QUERY ( bnds <* fa.bounds | (
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'SHEET_METAL.VERTEX_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
'SHEET_METAL.VERTEX_POINT' IN TYPEOF(vlp_fbnds.bound\

vertex_loop.loop_vertex))))) = 0))))) =0)))) =0)))) =
0;

WR15: SIZEOF(QUERY ( shsm <* QUERY (it <* SELF.items | (

'SHEET_METAL.SHELL_BASED_SURFACE_MODEL' IN TYPEOF(it)) ) |
(NOT (SIZEOF(QUERY ( cfs <* shsm\shell based surface model.

EN
EN

EN

col

=

EN
EN

n

EN

EN

sbsm_boundary | (NOT (SIZEOF(QUERY ( fa <* cis\
connected_face_set.cfs_faces | (NOT ((
'SHEET_METAL.ADVANCED_FACE' IN TYPEOF(fa)) OR (SIZEOF(
QUERY (vip_fbnds <* QUERY ( bnds <* fa.bounds | (
'SHEET_METAL.VERTEX_LOOP' IN TYPEOF(bnds.bound)) ) | (NOT (
SIZEOF(['SHEET_METAL.CARTESIAN_POINT’,
'SHEET_METAL.DEGENERATE_PCURVE!,

'SHEET_METAL.POINT_ON_CURVE','SHEET_METAL.POINT_ON_SURFACE']

* TYPEOF(vIp_fbnds.bound\vertex Ioop loop_vertex\
vertex_point.vertex_geometry)) = 1)) )) =0))))) =0))))
=0))))=0;

D_ENTITY; -- manifold_surface_shape_representation

TITY mapped_item

SUBTYPE OF (representation_item);
Mapping_source : representation_map;
Mmapping_target : representation_item;

HERE

WR1: acyclic_mapped_representation(using_representations(SELF),[SELF]);

D_ENTITY; -- mapped_item

TITY material_property
UBTYPE OF (property_definition);

NIQUE

irl : name, definition;

HERE

WR1: (SHEET_METAL.CHARACTERIZED_OBJECT' IN (TYPEOF(SELF\

property_definition.definition) OR SIZEOF(bag_to_set(USEDIN(
SELF,'SHEET_METAL." +

'PROPERTY_DEFINITION. REPRESENTATION.DEFINITION?) -
QUERY (temp <* bag~t0. set(USEDIN(SELF,
'PRODUCT_PROPERTY_REPRESENTATION_SCHEMA.' +
'PROPERTY_DEFRINfTION_REPRESENTATION.DEFINITION")) | ((
'MATERIAL_PROPERTY_REPRESENTATION_SCHEMA." +

'MATERIAL _PROPERTY_REPRESENTATION') IN TYPEOF(temp)) )))) =

0;
D_ENTITY; -~material_property
TITY measure_representation_item
UBTYRE.\OF (representation_item, measure_with_unit);
D_ENHTY; -- measure_representation_item

TITY measure with unit

S

UPERTYPE OF (ONEOF (length_measure_with_unit,
plane_angle_measure_with_unit));

value_component : measure_value;
unit_component : unit;

WHERE
WRZ1: valid_units(SELF);
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END_ENTITY; -- measure_with_unit

ENTITY modified_geometric_tolerance
SUBTYPE OF (geometric_tolerance);
modifier : limit_condition;
END_ENTITY; -- modified_geometric_tolerance

ENTTTY named_unit

SUPERTYPE OF (ONEOF (si_unit,conversion_based_unit,
context_dependent_unit) ANDOR ONEOF (length_unit,plane_angle_unit));
Himensions : dimensional_exponents;

END ENTITY; -- named_unit

ENTITY offset_curve_ 3d

SUBTYPE OF (curve);

basis_curve : curve;

Histance : length_measure;

self_intersect : LOGICAL;

ref _direction : direction;

WHERE

WR1: (basis_curve.dim = 3) AND (ref_direction.dim = 3);
END_ENTITY; -- offset_curve_3d

ENTITY offset_surface
SUBTYPE OF (surface);
basis_surface : surface;
Histance : length_measure;
self_intersect : LOGICAL;

END ENTITY; -- offset_surface

ENTITY open_shell
UBTYPE OF (connected_face_set);
END_ENTITY; -- open_shell

n

ENTITY ordinal_date

SUBTYPE OF (date);

Hay_component : day_in_year ‘number;

WHERE

WR1: (NOT leap_year(SELF.year_component)) AND (1 <= day_component)
AND (day_comppnent <= 365)) OR (leap_year(SELF.
year_component).AND (1 <= day_component) AND (day_component
<= 366));

END_ENTITY; -- ordibal_date

ENTITY organization;
d : OPTIONAL identifier;
name “label;

Hescription : text;
END-ENTITY; -- organization

ENTITY organization_assignment
ABSTRACT SUPERTYPE;
assigned_organization : organization;
role : organization_role;
END_ENTITY; -- organization_assignment
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ENTITY organization_role;
name : label;
END_ENTITY; -- organization_role

ENTITY oriented_closed_shell

S

UBTYPE OF (closed_shell);

closed shell element : closed shell;

©I1SO

D

EN
EN

n

0

EN
EN

(@)

EN
EN

n

(@)

prientation : BOOLEAN;

ERIVE

SELF\connected_face_set.cfs_faces : SET [1:?] OF face :=
conditional_reverse(SELF.
orientation,SELF.
closed_shell_element.cfs_faces);

HERE

WR1: NOT (SHEET_METAL.ORIENTED_CLOSED_SHELL' IN TYPEOF(SELF,

closed_shell_element));
D_ENTITY; -- oriented_closed_shell

TITY oriented_edge

UBTYPE OF (edge);

bdge_element : edge;

prientation : BOOLEAN,;

ERIVE

SELF\edge.edge_start : vertex := boolean_choose(SELF.orientation,

SELF.edge_element.edge_start,SELF.

edge_element.edge_end);

SELF\edge.edge_end : vertex := boolean_choose(SELF.orientation,
SELF.edge_element.edge_end,SELE:
edge_element.edge_start);

HERE

WR1: NOT (SHEET_METAL.ORIENTED_EDGE' IN TYPEOF(SELF.edge_element));

D_ENTITY; -- oriented_edge

TITY oriented_face

UBTYPE OF (face);

ace_element : face;

prientation : BOOLEAN;

ERIVE

SELF\face.bounds : SET [1:?] OF face_bound := conditional_reverse(
SELF.orientation,SELF.face_element.bounds);

HERE

WR1: NOT (‘'SHEET_-METAL.ORIENTED_FACE' IN TYPEOF(SELF.face_element));

D_ENTITY; -- oriented_face

TITY oriented. open_shell
UBTYPE/OF (open_shell);
ppen_shell” element : open_shell;
Drientation : BOOLEAN,;
ERIVE

SELF\connected face set.cfs faces : SET [1:?] OF face ;=

conditional_reverse(SELF.
orientation,SELF.
open_shell_element.cfs_faces);

WHERE
WR1: NOT (‘(SHEET_METAL.ORIENTED_OPEN_SHELL' IN TYPEOF(SELF.

open_shell_element));
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END_ENTITY; -- oriented_open_shell

ENTITY oriented_path
SUBTYPE OF (path);
path_element : path;
orientation : BOOLEAN,;
DERIVE
SELCF\path.edge_Tist : LIS T [1.7] OF UNIQUE oriented_edge .=
conditional_reverse(SELF.orientation,SELF.
path_element.edge_list);

WHERE
WR1: NOT ('SHEET_METAL.ORIENTED_PATH' IN TYPEOF(SELF.path_element));
END_ENTITY; -- oriented_path

ENTITY outer_boundary_curve
UBTYPE OF (boundary_curve);
END_ENTITY; -- outer_boundary_curve

n

ENTITY parabola

UBTYPE OF (conic);
ocal_dist : length_measure;
WHERE

WR1: focal_dist <> 0;
END_ENTITY; -- parabola

n

ENTITY parametric_representation_context
UBTYPE OF (representation_context);
END_ENTITY; -- parametric_representation_context

n

ENTITY path

UPERTYPE OF (ONEOF (edge_loop,oriented, “path))
UBTYPE OF (topological_representation.item);
pdge_list : LIST [1:?] OF UNIQUE oriented- edge;
WHERE

WR1: path_head_to_tail(SELF);

END_ENTITY; -- path

(20 0))

ENTITY pcurve

SUBTYPE OF (curve);

pasis_surface  : surface;

reference_to_curve ~definitional_representation;

HERE

WR1: SIZEOF(reference_to_curve\representation.items) = 1;

WR2: 'SHEETHAMETAL.CURVE' IN TYPEOF(reference_to_curve\representation
itemsf1]);

WR3: reference_to_curve\representation.items[1]\
geometric_representation_item.dim = 2;

END_ENSHTY; -- pcurve

=

ENTITY person;
id : Identifier;
last name : OPTIONAL label;
first name : OPTIONAL label,
middle_names : OPTIONAL LIST [1:?] OF label;
prefix_titles : OPTIONAL LIST [1:?] OF label;
suffix_titles : OPTIONAL LIST [1:?] OF label;
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U

NIQUE

url :id;
WHERE
WR1: EXISTS(last_name) OR EXISTS(first_name);
END_ENTITY; -- person

ENTITY person_and_organization;

©I1SO

EN
EN

A
EN
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A
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EN
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EN

EN
S

S
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EN

n

he_person . person;
he_organization : organization;
D_ENTITY; -- person_and_organization

TITY person_and_organization_assignment

BSTRACT SUPERTYPE;

hssigned_person_and_organization : person_and_organization;
ole : person_and_organization_role;
D_ENTITY; -- person_and_organization_assignment

TITY person_and_organization_role;
nhame : label;
D_ENTITY; -- person_and_organization_role

TITY person_assignment
BSTRACT SUPERTYPE;
hssigned_person : person;

[ole : person_role;
D_ENTITY; -- person_assignment

TITY person_role;
nhame : label;
D_ENTITY; -- person_role

TITY physically_modelled_product_definition
UBTYPE OF (product_definition);
HERE

WR1: SELF\product_definition.frameof_reference.life_cycle_stage =
‘as physically modelled';

WR2: SIZEOF(USEDIN(SELE,'SHEET_METAL." +
'PRODUCT_DEFINITION” RELATIONSHIP.' +
'RELATED_PRODUCT-DEFINITION") > 0;

D_ENTITY; -- physically_modelled_product_definition

TITY placement

UPERTYPE OFE-(ONEOF (axisl_placement,axis2_placement_2d,
axis2_placement_3d))

UBTYPE OF. (geometric_representation_item);

ocation :«caftesian_point;

D_ENTITY; -- placement

TITY.plane
UBTYPE OF (elementary surface);

END_ENTITY; -- plane

ENTITY plane_angle_measure_with_unit

S

UBTYPE OF (measure_with_unit);

WHERE

WR1: 'SHEET_METAL.PLANE_ANGLE_UNIT' IN TYPEOF(SELF\measure_with_unit
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.unit_component);
END_ENTITY; -- plane_angle_measure_with_unit

ENTITY plane_angle_unit

SUBTYPE OF (named_unit);

WHERE

WRZ1: (SELF\named_unit.dimensions.length_exponent = 0) AND (SELF\

named_unit.dimensions.mass_exponent = 0) AND (SELH
named_unit.dimensions.time_exponent = 0) AND (SELF\
named_unit.dimensions.electric_current_exponent = 0) AND (
SELF\named_unit.dimensions.
thermodynamic_temperature_exponent = 0) AND (SELF\named_unit
.dimensions.amount_of substance_exponent = 0) AND (SELF\
named_unit.dimensions.luminous_intensity _exponent = 0);
END_ENTITY; -- plane_angle_unit

ENTITY plus_minus_tolerance;

fange : tolerance_method_definition;
oleranced_dimension : dimensional_characteristic;
UNIQUE

Lirl : toleranced_dimension;
END_ENTITY; -- plus_minus_tolerance

ENTITY point

SUPERTYPE OF (ONEOF (cartesian_point,point_on_curve;point_on_surface,
point_replica,degenerate_pcurve))

UBTYPE OF (geometric_representation_item);

END_ENTITY; -- point

n

ENTITY point_on_curve

SUBTYPE OF (point);

basis_curve : curve;
Dboint_parameter : parameter_value;
END_ENTITY; -- point_on_curve

ENTITY point_on_surface

SUBTYPE OF (point);

basis_surface : surface;
boint_parameter_u : parameter_value;
hoint_parameter_v : parameter_value;
END_ENTITY; -- point .onsurface

ENTITY point_replica

SUBTYPE OF (point);

Darent_pt . point;

ransformation : cartesian_transformation_operator;
HERE

WR1:transformation.dim = parent_pt.dim;

WR?2: acyclic_point_replica(SELF,parent_pt);
ENDZENTITY:; -- point_replica

=

ENTITY poly_loop
SUBTYPE OF (loop, geometric_representation_item);
polygon : LIST [3:?] OF UNIQUE cartesian_point;
END_ENTITY; -- poly_loop
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ENTITY polyline
SUBTYPE OF (bounded_curve);
points : LIST [2:?] OF cartesian_point;
END_ENTITY; -- polyline

ENTITY process_plan
SUBTYPE OF (action);

©I1SO

END_ENTITY; -- process_plan

ENTITY process_product_association;

hame > label;
Hescription  : text;
hrocess : product_definition_process;

Hefined_product : characterized_product_definition;
END_ENTITY; -- process_product_association

ENTITY product;

d : identifier;

hame - label;

Hescription s text;

rame_of reference : SET [1:?] OF product_context;
UNIQUE

url - id;

END_ENTITY; -- product

ENTITY product_category;

hame - label;

Hescription : OPTIONAL text;
END_ENTITY; -- product_category

ENTITY product_category_relationship;

hame - label;

Hescription : text;

category  : product_category;

Sub_category : product_category;

WHERE

WR1: acyclic_product_categoryu rélationship(SELF,[SELF.sub_category]);
END_ENTITY; -- product_category_relationship

ENTITY product_concept;

d . identifier;

hame . label;

Hescription  : text;
Mmarket_contexts.product_concept_context;
UNIQUE

brl - id;

END_ENTILY; -- product_concept

ENTITY. product_concept_context
SUBTYPE OF (application context element);

market_segment_type : label,
END_ENTITY; -- product_concept_context

ENTITY product_context

SUBTYPE OF (application_context_element);
discipline_type : label,
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END_ENTITY; -- product_context

ENTITY product_definition;

id . identifier;
description > text;
formation : product_definition_formation;

frame_of reference : product definition_context;

ISO 10303-207:1999(E)

EN

EN
S

EN
EN

EN
EN

C

EN
EN

EN
EN

= 0

)

EN
EN

EN

D_ENTITY; -- product_definition

TITY product_definition_context

UBTYPE OF (application_context_element);
ife_cycle_stage : label,

D_ENTITY; -- product_definition_context

TITY product_definition_effectivity
UBTYPE OF (effectivity);

Isage : product_definition_relationship;
NIQUE

Lrl : usage, id;

D_ENTITY; -- product_definition_effectivity

TITY product_definition_formation;

d : identifier;

Hescription : text;

pf _product : product;

NIQUE

Url - id, of_product;

D_ENTITY; -- product_definition_formation

TITY product_definition_formation_with_specified _source
UBTYPE OF (product_definition_formation);

make_or_buy : source;

D_ENTITY; -- product_definition_formation_with_specified_source

TITY product_definition_process

UBTYPE OF (action);

dentification : identifier;

\VERSE

broduct_definitions : SET([1:?] OF process_product_association FOR
process;

D_ENTITY; -- produet.definition_process

TITY product_defibition_relationship;

d . identifier;

hame - label;

Hescription s text;

relating—product_definition : product_definition;
related~product_definition : product_definition;
D ENTITY; -- product_definition_relationship

ENTITY product_definition_shape

S

UBTYPE OF (property_definition);

UNIQUE

url : definition;
WHERE

WR1: 'SHEET METAL.CHARACTERIZED PRODUCT_DEFINITION' IN TYPEOF(SELF\
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property_definition.definition);
END_ENTITY; -- product_definition_shape

ENTITY product_definition_substitute;
description : text;
context_relationship : product_definition_relationship;
substitute_definition : product_definition;

©I1SO

WHERE

WR1: context_relationship.related_product_definition :<>:
substitute_definition;

END_ENTITY; -- product_definition_substitute

TITY product_definition_usage

UPERTYPE OF (ONEOF (make_from_usage_option,assembly_component_usage))
UBTYPE OF (product_definition_relationship);

NIQUE

Lrl - id, relating_product_definition, related_product_definition;
HERE

WR1: acyclic_product_definition_relationship(SELF,[SELF\
product_definition_relationship.related_product_definition],
'SHEET_METAL.PRODUCT_DEFINITION_USAGE.' +
'RELATED_PRODUCT_DEFINITIONY;

END_ENTITY; -- product_definition_usage

< con?

ENTITY product_definition_with_associated_documents
SUBTYPE OF (product_definition);

Hocumentation_ids : SET [1:?] OF document;

END_ENTITY; -- product_definition_with_associated :-documents

ENTITY product_related_product_category
UBTYPE OF (product_category);

broducts : SET [1:?] OF product;

END_ENTITY; -- product_related_product category

n

TITY product_type

UBTYPE OF (product_related_product_category);

HERE

WR1: SIZEOF(USEDIN(SELKSHEET_METAL.PRODUCT_CATEGORY_RELATIONSHIP.'
+ 'RELATING_PRODUECT_CATEGORY') + USEDIN(SELF,
'SHEET_METAL.,RRODUCT_CATEGORY_RELATIONSHIP.' +
'RELATED_PRODUCT_CATEGORY")) = 0;

WR2: SELF.name.IN-f'die’,'part’,'material’,'unspecified;

END_ENTITY; -- product_type

<D

ENTITY promissery_usage_occurrence
UBTYPE/OF (assembly _component_usage);
END_ENTILY; -- promissory_usage_occurrence

n

ENTITY. property_definition;
hame . label;

description : text;
definition : characterized_definition;
END_ENTITY; -- property_definition
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EN

TITY property_definition_representation;

definition : property_definition;
used_representation : representation;

EN
EN

D_ENTITY; -- property_definition_representation

TITY quantified_assembly _component_usage

SUBTYPE OF (assembly component usage);

ISO 10303-207:1999(E)

EN
EN

n

EN
EN

n

EN
EN

n

=

EN
EN

n

EN
EN

lUantity . measure_with_unit,

D_ENTITY; -- quantified_assembly _component_usage

TITY quasi_uniform_curve

UBTYPE OF (b_spline_curve);

D_ENTITY; -- quasi_uniform_curve

TITY quasi_uniform_surface

UBTYPE OF (b_spline_surface);

D_ENTITY; -- quasi_uniform_surface

TITY rational_b_spline_curve
UBTYPE OF (b_spline_curve);

veights_data : LIST [2:?] OF REAL;

ERIVE

veights : ARRAY [0:upper_index_on_control_points] OF REAK :=

list_to_array(weights_data,0,
upper_index_on_control_points);
HERE
WR1: SIZEOF(weights_data) = SIZEOF(SELF\b_spling, curve.
control_points_list);
WR2: curve_weights_positive(SELF);
D_ENTITY; -- rational_b_spline_curve

TITY rational_b_spline_surface

UBTYPE OF (b_spline_surface);

veights_data : LIST [2:?] OF LIST [2:2] OF REAL;

ERIVE

veights : ARRAY [0:u_upper] OF. ARRAY [0:v_upper] OF REAL :=
make_array_of_array(weights_data,0,u_upper,0,v_upper);

HERE

WR1: (SIZEOF(weights_data) = SIZEOF(SELF\b_spline_surface.

control_points_list)) AND (SIZEOF(weights_data[1]) = SIZEOF(

SELF\b_spline~surface.control_points_list[1]));

WR2: surface_weights positive(SELF);

D_ENTITY; -- rational_b_spline_surface

TITY rectangtlar_composite_surface

UBTYPE/OF (bounded_surface);

segments.YLIST [1:?] OF LIST [1:?] OF surface_patch;
ERIVE

h_UNINTEGER := SIZEOF(segments);

h . INTEGER := SIZEOF(segments|[1]);

WHERE
WR1: [] = QUERY (s <* segments | (n_v <> SIZEOF(s)) );
WR2: constraints_rectangular_composite_surface(SELF);
END_ENTITY; -- rectangular_composite_surface

ENTITY rectangular_trimmed_surface
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SUBTYPE OF (bounded_surface);
basis_surface : surface;

©I1SO

ul : parameter_value;
u2 : parameter_value;
vl : parameter_value;
v2 : parameter_value;
usense : BOOLEAN;
Vsense : BOOLEAN;
WHERE
WR1: ul <> u2;
WR2: v1 <> v2;

WRS3: ((SHEET METAL.ELEMENTARY_SURFACE' IN TYPEOF(basis_surface))
AND (NOT ('SHEET_METAL.PLANE' IN TYPEOF(basis_surface)))) OR
('SHEET_METAL.SURFACE_OF_REVOLUTION'IN TYPEOF(
basis_surface)) OR (usense = (u2 > ul));

WRA4: (SHEET_METAL.SPHERICAL_SURFACE' IN TYPEOF(basis_surface)}\OR (
'SHEET_METAL.TOROIDAL_SURFACE' IN TYPEOF(basis_surface)) OR
(vsense = (v2 > v1));

END_ENTITY; -- rectangular_trimmed_surface

ENTITY reparametrised_composite_curve_segment
SUBTYPE OF (composite_curve_segment);

baram_length : parameter_value;

WHERE

WR1: param_length > 0;

END_ENTITY; -- reparametrised_composite_curve_segmeént

TITY replacement_relationship

UBTYPE OF (action_relationship);

HERE

WR1: acyclic_action_relationship(SELF,[SELE\action_relationship.
related_action],'SHEET_METAL.RERCLACEMENT_RELATIONSHIPY);
END_ENTITY; -- replacement_relationship

<D

ENTITY representation;

hame . label;

tems : SET [1:?] OF representation_item;
Context_of_items : representation_context;
END_ENTITY; -- representation

ENTITY representation~context;

Context_identifier ;-identifier;

Context_type text;

NVERSE

representationis_in_context : SET [1:?] OF representation FOR
context_of items;

END_ENTILY; -- representation_context

ENTITY. representation_item;
name : label;

WHERE
WR1: SIZEOF(using_representations(SELF)) > 0O;
END_ENTITY; -- representation_item

ENTITY representation_map;
mapping_origin . representation_item;
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mapped_representation : representation;
INVERSE
map_usage : SET [1:?] OF mapped_item FOR mapping_source;
WHERE
WRZ1: item_in_context(SELF.mapping_origin,SELF.mapped_representation.
context_of_items);
END_ENTITY; -- representation_map

ENTITY representation_relationship;

hame . label;
Hescription : text;
rep_1 : representation;
fep_2 : representation;

END_ENTITY; -- representation_relationship

ENTITY representation_relationship_with_transformation

SUBTYPE OF (representation_relationship);

ransformation_operator : transformation;

HERE

WR1: SELF\representation_relationship.rep_1.context_of items :<>:
SELF\representation_relationship.rep_2.context_of _items;

END_ENTITY; -- representation_relationship_with_transformation

=

ENTITY requirement_for_action_resource
SUBTYPE OF (action_resource_requirement);
resources : SET [1:?] OF action_resource;
END_ENTITY; -- requirement_for_action_resource

ENTITY resource_property;

hame : label;

Hescription : text;

fesource : characterized_resource_definition;
END_ENTITY; -- resource_property

ENTITY resource_property_representation;

hame . label;
Hescription : text;
broperty : resource_property;

fepresentation : representation;
END_ENTITY; -- resource. property_representation

ENTITY resource_requirement_type;

hame - label;

Hescription : text;
END_ENTITYs%resource_requirement_type

ENTITY revolved_area_solid
SUBTY.PE OF (swept_area_solid);
hXiS ™\ axisl placement;
Angle : plane angle measure;
DERIVE
axis_line : line := line(axis.location,vector(axis.z,1));
END_ENTITY; -- revolved_area_solid

ENTITY right_angular_wedge
SUBTYPE OF (geometric_representation_item);
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position : axis2_placement_3d;

X : positive_length_measure;

y . positive_length_measure;

z : positive_length_measure;

ltx  :length_measure;
WHERE

WR1: (0 <= Itx) AND (Itx < x);

©I1SO

EN

EN
S

EN
EN

EN

<D

EN
EN

EN

EN
A

EN
EN

D_ENTITY; -- fight_angular_wedge

TITY right_circular_cone

UBTYPE OF (geometric_representation_item);
pbosition : axisl_placement;

height : positive_length_measure;

fadius  : length_measure;

semi_angle : plane_angle_measure;

HERE

WR1: radius >= 0;

D_ENTITY; -- right_circular_cone

TITY right_circular_cylinder

UBTYPE OF (geometric_representation_item);
bosition : axis1l_placement;

neight : positive_length_measure;

radius : positive_length_measure;
D_ENTITY; -- right_circular_cylinder

TITY seam_curve

UBTYPE OF (surface_curve);

HERE

WR1: SIZEOF(SELF\surface_curve.associatedcgeometry) = 2;

WR2: associated_surface(SELF\surface_curve:associated_geometry[1]) =
associated_surface(SELF\surface_cunve.associated_geometry[2]);

WR3: 'SHEET_METAL.PCURVE' IN TYPEOF(SELF\surface_curve.
associated_geometry[1]);

WR4: 'SHEET_METAL.PCURVE' N TYPEOF(SELF\surface_curve.
associated_geometry[2]);

D_ENTITY; -- seam_curve
TITY security_classification;
hame . label;

burpose : text;
ecurity_level : security classification_level;
D_ENTITY; -- security_classification

TITY security‘.classification_assignment
BSTRACTSUPERTYPE;
hssignedysecurity_classification : security_classification;
D_ENPHITY; -- security_classification_assignment

TITY security classification level;

name : label;
END_ENTITY; -- security_classification_level

ENTITY sequenced_product_definition_relationship

S

UBTYPE OF (product_definition_relationship);

WHERE
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WR1: ((SHEET_METAL.' +
'PRODUCT _DEFINITION_WITH_ASSOCIATED_DOCUMENTS') IN (TYPEOF(

SELF\product_definition_relationship.

relating_product_definition) AND (SHEET_METAL.' +

ISO 10303-207:1999(E)

'PRODUCT_DEFINITION_WITH_ASSOCIATED_DOCUMENTS")) IN TYPEOF(

SELF\product_definition_relationship.
related_product_definition);

EN
EN

EN
EN

n

EN
EN

n

EN
EN

EN
EN

EN

<D

EN
EN

TITY sequential_method

UBTYPE OF (serial_action_method);
Seguence_position : count_measure;
D_ENTITY; -- sequential_method

TITY serial_action_method
UBTYPE OF (action_method_relationship);
D_ENTITY; -- serial_action_method

TITY serial_numbered_effectivity
UBTYPE OF (effectivity);

bffectivity _start_id : identifier;
effectivity_end_id : OPTIONAL identifier;
D_ENTITY; -- serial_numbered_effectivity

TITY shape_aspect;

hame - label;

Hescription s text;

bf _shape : product_definition_shape;

broduct_definitional : LOGICAL;
D_ENTITY; -- shape_aspect

TITY shape_aspect_relationship;

hame > label;

Hescription . text;
[elating_shape_aspect : shape_aspegt;
'elated_shape_aspect : shape_aspect;
D_ENTITY; -- shape_aspect, relationship
TITY shape_definition_representation

HERE

TYPEOF(SELF.definition));

used representation);

TITY.Shape_dimension_representation

n

UBTYPE OF (shape representation);

D_ENTITY; -- sequenced_product_definition_relationship

UBTYPE OF (property~définition_representation);

WR1: (SHEET_METAL.SHAPE_DEFINITION' IN TYPEOF(SELF.definition.
definition))-OR ('SHEET_METAL.PRODUCT_DEFINITION_SHAPE' IN

WR2: 'SHEET\. METAL.SHAPE_REPRESENTATION' IN TYPEOF(SELF.

D_ENTITLY; -- shape_definition_representation

WHERE

WR1: SIZEOF(QUERY ( temp <* SELF.items | (NOT

'SHEET_METAL.MEASURE_REPRESENTATION_ITEM') IN TYPEOF(temp)) ))

=0;
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WR2: SIZEOF(SELF.items) <= 2;

WR3: SIZEOF(QUERY ( pos_mri <* QUERY ( real_mri <* SELF.items | (
'REAL' IN TYPEOF(real_mri\measure_with_unit.value_component)) )
| (NOT (pos_mri\measure_with_unit.value_component > 0)) ))

END_ENTI"I'Y; -- shape_dimension_representation

©I1SO

ENTITY shape_representation
UBTYPE OF (representation);
END_ENTITY; -- shape_representation

n

ENTITY shape_representation_relationship

UBTYPE OF (representation_relationship);

HERE

WR1: 'SHEET_METAL.SHAPE_REPRESENTATION' IN (TYPEOF(SELF\
representation_relationship.rep_1) + TYPEOF(SELF\
representation_relationship.rep_2));

END_ENTITY; -- shape_representation_relationship

=0

ENTITY sheet_metal_action_assignment

UBTYPE OF (action_assignment);

tems : SET [1:?] OF action_assigned_item;

HERE

WR1: 'SHEET _METAL.EXECUTED_ACTION' IN TYPEOF(SELR\action_assignment.
assigned_action);

END_ENTITY; -- sheet_metal_action_assignment

- 0]

ENTITY sheet_metal _approval_assignment
UBTYPE OF (approval_assignment);

tems : SET [1:?] OF approval_assigned_item;
END_ENTITY; -- sheet_metal_approval_assignment

n

ENTITY sheet_metal_contract_assignment
UBTYPE OF (contract_assignment);

tems : SET [1:?] OF contract_assigned_item;
END_ENTITY; -- sheet_metal_contract’ assignment

n

ENTITY sheet_metal_date and\time_assignment
UBTYPE OF (date_and_time” assignment);

tems : SET [1:?] OF date_-and_time_assigned_item;
HERE

WR1: sheet_metal."date_correlation(SELF);
END_ENTITY; -- sheet_metal_date_and_time_assignment

- 0]

ENTITY sheet.metal date assignment
UBTYPE/OF (date_assignment);

tems : SET [1:?] OF date_assigned_item;
WHERE

WR 1 sheet_metal_date_correlation(SELF);
ENDZENTITY; -- sheet metal date assignment

n

ENTITY sheet_metal document_reference
SUBTYPE OF (document_reference);
items : SET [1:?] OF document_referenced_item;
WHERE
WR1: sheet_metal_document_correlation(SELF);
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END_ENTITY; -- sheet_metal_document_reference

ENTITY sheet_metal_organization_assignment
SUBTYPE OF (organization_assignment);
items : SET [1:?] OF organization_assigned_item;
WHERE
WR1: sheet metal organization_correlation(SELF);
END_ENTITY; -- sheet_metal_organization_assignment

ENTITY sheet_metal_person_and_organization_assignment
UBTYPE OF (person_and_organization_assignment);

tems : SET [1:?] OF person_and_organization_assigned_item;
WHERE

WR1: sheet_metal _person_and_organization_correlation(SELF);
END_ENTITY; -- sheet_metal_person_and_organization_assignment

n

ENTITY sheet_metal_person_assignment
UBTYPE OF (person_assignment);

tems : SET [1:?] OF person_assigned_item;
HERE

WR1: sheet_metal_person_correlation(SELF);
END_ENTITY; -- sheet_metal_person_assignment

- 0]

ENTITY sheet_metal_security_classification_assignment
UBTYPE OF (security_classification_assignment);

tems : SET [1:?] OF security_classification_assigned_item;
END_ENTITY; -- sheet_metal_security classification_assignment

n

TITY shell_based_surface_model

UBTYPE OF (geometric_representation_item);

5bsm_boundary : SET [1:?] OF shell;

HERE

WR1: constraints_geometry_shell_based surface_model(SELF);
END_ENTITY; -- shell_based_surface” model

0?Z

=

ENTITY shell_based_wireframe_model

UBTYPE OF (geometric_representation_item);

sbwm_boundary : SET [1:?]'©OF shell;

WHERE

WR1: constraints_geemetry shell_based_ wireframe_model(SELF);
END_ENTITY; -- shelkbased_wireframe_model

n

TITY shell_based wireframe_shape_representation
UBTYPE OF, (shape_representation);
HERE
WR1 : SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF([
‘SHEET_METAL.SHELL _BASED_ WIREFRAME_MODEL',
'SHEET METAL. MAPPED ITEM','SHEET_METAL.AXIS2_PLACEMENT_3D']
* TYPEOF(it) =1)))) =
WR2 : SIZEOF(QUERY (1t <* SELF items | (SIZEOF(|
'SHEET_METAL.SHELL_BASED WIREFRAME_MODEL',
'SHEET _METAL.MAPPED_ITEMT] *TYPEOF(|t)) =1)))>=1;
WR3 : SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL BASED_ WIREFRAME_MODEL' IN TYPEOK(it)) )
| (NOT (SIZEOF(QUERY (ws <* QUERY ( sb <* sbwm\

<D
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shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOP' IN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY ( el <* eloop\path.edge_list | (NOT (
'SHEET_METAL.EDGE_CURVE' IN TYPEOF(el.edge_element))) )) =

0))=0))=0))) =0,

©I1SO

WR4

WRS :

WRG :

WR7 :

SIZEOF(QUERY ( Sbwm <* QUERY (It < SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY (ws <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOP' IN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY ( pline_el <* QUERY ( el <* eloop\
path.edge_list | (SHEET_METAL.POLYLINE' IN TYPEOF(el.
edge_element\edge_curve.edge_geometry)) ) | (NOT (SIZEOF(
pline_el.edge_element\edge curve.edge_geometry\polyline.

points) > 2)) )) = 0)) )) =0)) )) =0)) )) = 0; _

SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN-FYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOPUIN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY ( el <* eloop\path.edge;, list | (NOT
valid_wireframe_edge_curve(el.edge_element\edge_curve.
edge_geometry,’AIC_SHELL_BASED_ WIREFRAME)))=0)))) =
0))) =0)))) =0;

SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY (ws <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL"IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY. (‘wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOP' IN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY" ( el <* eloop\path.edge_list | (NOT (
('SHEET_METAL.VERTEX_POINT' IN TYPEOF(el.edge_element.
edge_start)) AND('SHEET_METAL.VERTEX_POINT' IN TYPEOF(el.
edge_element.edge_end)))) )) = 0)) )) =0)) )) =0)))) =

SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOTASIZEOF(QUERY ( ws <* QUERY ('sb <* sbwm\

shell sbased_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOP' IN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY ( el <* eloop\path.edge_list | (NOT (

valid wireframe vertex point(el.edge element.edge start\

WRS :
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| (NOT (SIZEOF(QUERY (ws <* QUERY ( sb <* sbhwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY "( eloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.EDGE_LOOP' IN TYPEOF(wsb)) )
| (NOT (SIZEOF(QUERY ( con_edges <* QUERY ( el <* eloop\
path.edge_list | (SHEET METAL.CONIC' IN TYPEOF(el.
edge_elemenfledge_curve.edge_geometry)) ) [(NOT (
'SHEET_METAL.AXIS2_PLACEMENT_3D' IN TYPEOF(con_edges.
edge_element\edge_curve.edge_geometry\conic.position))) ))
=0))))=0))=0))) =0; _ _

WRO : SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) | (NOT (SIZEOF(
QUERY “(vloop <* QUERY ( wsb <* ws\wire_shell.

wire_shell_extent | (SHEET_METAL.VERTEX_LOOP' IN TYPEOF(
wsb)) ) | (NOT ('SHEET_METAL.VERTEX_POINT' IN TYPEOF(vioop\
vertex_loop.loop_vertex))) )) =0)))) =0)))) =0;

WR10: SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_WIREFRAME_MODELYIN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY (ws <* QUERY ( sb <* sbwmy
shell_based_wireframe_model.sbwm_boundary
'SHEET_METAL.WIRE_SHELL' IN TYPEOF(sb)) ) NNOT (SIZEOF(
QUERY “(vloop <* QUERY ( wsb <* ws\wire_shell:

wire_shell_extent | (SHEET_METAL.VERTEX_LOOP' IN TYPEOF(
wsh)) ) | (NOT valid_wireframe_vertex_point(zioop\
vertex_loop.loop_vertex\vertex_point.vertex\ geometry,
'‘AIC_SHELL_BASED_WIREFRAME") ))=0)))) =0)))) =0;

WR11: SIZEOF(QUERY ( sbwm <* QUERY (it<* SELF.items | (
'SHEET_METAL.SHELL_BASED_ WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY (vs <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.VERTEX_SHELL' IN TYPEOF(sb)) ) | (NOT (
'SHEET_METAL.VERTEX. POINT' IN TYPEOF(vs\vertex_shell.
vertex_shell_extent.looptvettex))) )) = 0)))) = 0;

WR12: SIZEOF(QUERY ( sbwm <* QUERY (it <* SELF.items | (
'SHEET_METAL.SHELL_BASED_WIREFRAME_MODEL' IN TYPEOF(it)) )
| (NOT (SIZEOF(QUERY (vs <* QUERY ( sb <* sbwm\
shell_based_wireframe_model.sbwm_boundary | (
'SHEET_METAL.VERTEX_SHELL' IN TYPEOF(sb)) ) | (NOT
valid_wireframe_vertex_point(vs\vertex_shell.
vertex_sfell_extent.loop_vertex\vertex_point.
vertex.geometry,’AIC_SHELL BASED_WIREFRAME"))) = 0)))) =

0;

WR13: SIZEOF(QUERY (mi <* QUERY (it <* SELF.items | (
‘SHEET_METAL.MAPPED _ITEM' IN TYPEOK(it)) ) | (NOT ((
'SHEET_METAL."' +
'SHELL BASED WIREFRAME SHAPE REPRESENTATION") IN TYPEOF(mi\
mapped_item.mapping_source.mapped_representation))) )) = 0;

WR14: SELF.context_of_items\geometric_representation_context.

coordinate_space_dimension = 3;

END_ENTITY; -- shell_based_wireframe_shape_representation

ENTITY si_unit
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SUBTYPE OF (named_unit);
prefix : OPTIONAL si_prefix;
name :si_unit_name;
DERIVE
SELF\named_unit.dimensions : dimensional_exponents :=
dimensions_for_si_unit(SELF.name);
END_ENTITY; -- si_unit

ENTITY solid_model

SUPERTYPE OF (ONEOF (csg_solid,manifold_solid_brep,swept_area_solid,
solid_replica))

UBTYPE OF (geometric_representation_item);

END_ ENTITY; -- solid_model

n

ENTITY solid_replica

UBTYPE OF (solid_model);

barent_solid : solid_model;

ransformation : cartesian_transformation_operator_3d;
HERE

WR1: acyclic_solid_replica(SELF,parent_solid);
END_ENTITY; -- solid_replica

n

=

ENTITY sphere

SUBTYPE OF (geometric_representation_item);
radius : positive_length_measure;

Centre : point;

END_ENTITY; -- sphere

ENTITY spherical_surface

SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY; -- spherical_surface

ENTITY start_order
UBTYPE OF (work_order);
END_ENTITY; -- start_order

n

ENTITY surface

SUPERTYPE OF (ONEOFR(elementary_surface,swept_surface,bounded_surface,
offset_surface,surface-~replica))

UBTYPE OF (geometric’ representation_item);

END_ENTITY; -- surface

n

ENTITY surface~curve
UPERTYPE.OF (ONEOF (intersection_curve,seam_curve))
UBTYPE/OF (curve);
curve_3d : curve;
AssoCiated_geometry : LIST [1:2] OF pcurve_or_surface;
master_representation : preferred_surface_curve_representation;
DERIVE
basis_surface : SET [1:2] OF surface := get_basis_surface(SELF);
WHERE
WR1: curve_3d.dim = 3;
WR2: (SHEET_METAL.PCURVE' IN TYPEOF(associated_geometry[1])) OR (
master_representation <> pcurve_sl);
WR3: (SHEET_METAL.PCURVE' IN TYPEOF(associated_geometry[2])) OR (

(2N 0))
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master_representation <> pcurve_s2);
WR4: NOT (SHEET_METAL.PCURVE' IN TYPEOF(curve_3d));
END_ENTITY; -- surface_curve

ENTITY surface_of linear_extrusion
SUBTYPE OF (swept_surface);
extrusion_axis : vector;
END_ENTITY; -- surface_of_linear_extrusion

ENTITY surface_of revolution

SUBTYPE OF (swept_surface);

hXiS_position : axis1l_placement;

DERIVE

bxis_line : line := line(axis_position.location,vector(axis_position
.z,1));

END_ ENTITY; -- surface_of revolution

ENTITY surface_patch;
parent_surface : bounded_surface;
| _transition : transition_code;
/_transition : transition_code;

I sense : BOOLEAN;
/_sense : BOOLEAN;
INVERSE
Lising_surfaces : BAG [1:?] OF rectangular_composite_sufface FOR
segments;
WHERE

WR1: NOT (SHEET_METAL.CURVE_BOUNDED sSURFACE' IN TYPEORF(
parent_surface));
END_ENTITY; -- surface_patch

ENTITY surface_replica

SUBTYPE OF (surface);

barent_surface : surface;

ransformation : cartesian_transformation_operator_3d;
HERE

WR1: acyclic_surface_replica(SELF,parent_surface);
END_ENTITY; -- surface_replica

=

TITY swept_area_solid

UPERTYPE OF (ONEOF (revolved_area_solid,extruded_area_solid))
UBTYPE OF (solid\model);

swept_area : curve bounded_surface;

HERE

WR1: 'SHEET. METAL.PLANE' IN TYPEOF(swept_area.basis_surface);
END_ENTITY;'-- swept_area_solid

U)U)@

=

ENTITY swept_surface
UPERTYPE OF (ONEOF (surface_of linear_extrusion,surface_of_revolution))
UBTYPE OF (surface);
swept_curve : curve;
END_ENTITY; -- swept_surface

(2N )]

ENTITY tolerance_value;
lower_bound : measure_with_unit;
upper_bound : measure_with_unit;
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WHERE
WRZ1: upper_bound.value_component > lower_bound.value_component;
WR2: upper_bound.unit_component = lower_bound.unit_component;

EN
EN

D_ENTITY; -- tolerance_value

TITY tolerance_zone

SUBTYPE OF (shape_ aspect);

©I1SO

EN
EN

fefining_tolerance : SET [1.7] OF geometric_tolerance;,

orm : tolerance_zone_form;
D_ENTITY; -- tolerance_zone

TITY tolerance_zone_definition;

yone : tolerance_zone;
boundaries : SET [1:?] OF shape_aspect;

END _ENTITY; -- tolerance_zone_definition
ENTITY tolerance_zone_form;
nhame : label;

EN
EN

n

EN
EN

EN
EN

EN
EN

W

D_ENTITY; -- tolerance_zone_form

TITY topological_representation_item

SUPERTYPE OF (ONEOF (vertex,edge,face_bound,face,vertex_shell,

wire_shell,connected_edge_set,connected_face_set,loop ANDOR path))
UBTYPE OF (representation_item);
D_ENTITY; -- topological_representation_item

TITY toroidal_surface

UBTYPE OF (elementary_surface);
Major_radius : positive_length_measure;
Mminor_radius : positive_length_measure;
D_ENTITY; -- toroidal_surface

TITY torus

UBTYPE OF (geometric_representatigh” item);
bosition  : axisl_ placement;

Major_radius : positive_length_measure;
Minor_radius : positive_length_‘measure;
HERE

WR1: major_radius > minor,radius;
D_ENTITY; -- torus

TITY trimmed_curve

UBTYPE OF (beunded_curve);

basis_curve : curve;

rim_1 : SET [1:2] OF trimming_select;
rim_2 : SET [1:2] OF trimming_select;

sense_agreement : BOOLEAN,;
Mmaster~representation : trimming_preference;
HERE

WR1: (HINDEX(trim 1) = 1) XOR (TYPEOF(trim 1[1]) <> TYPEOF(trim 1[2])):

WR?Z: (HIINDEX(iim_2) = 1) XOR (TYPEOF(tnim_2[1]) <> TYPEOF(trim_2[2)));

END_ENTITY; -- trimmed_curve

ENTITY uncertainty_measure_with_unit

S

UBTYPE OF (measure_with_unit);

name : label;
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description : text;
WHERE
WR1: (NOT (NUMBER' IN TYPEOF(SELF\measure_with_unit.value_component)))

OR (SELF\measure_with_unit.value_component >= 0);

END_ENTITY; -- uncertainty_measure_with_unit

ENTITY uniform_curve

ISO 10303-207:1999(E)

EN
EN

n

EN
EN

EN
EN

EN
EN

n

EN

EN
S

EN

EN
S

EN

EN
S

EN
EN

BTYPE OF (b_spline_curve),
D_ENTITY; -- uniform_curve

TITY uniform_surface
UBTYPE OF (b_spline_surface);
D_ENTITY; -- uniform_surface

TITY vector

UBTYPE OF (geometric_representation_item);
Drientation : direction;

magnitude : length_measure;

HERE

WR1: magnitude >= 0;

D_ENTITY; -- vector

TITY versioned_action_request;
d : identifier;

version  : label;

burpose  : text;

Hescription : text;

D_ENTITY; -- versioned_action_request
TITY vertex
UBTYPE OF (topological_representation_item);

D_ENTITY; -- vertex

TITY vertex_loop
UBTYPE OF (loop);
oop_vertex : vertex;
D_ENTITY; -- vertex_loop

TITY vertex_point

UBTYPE OF (vertex, geometric_representation_item);
ertex_geometry : point;

D_ENTITY; -- vertéx—point

TITY vertex_shell

UBTYPE OF. (topological_representation_item);
ertex_shellextent : vertex_loop;

D_ENTITLY; -- vertex_shell

TITY.week of year and_day date

S

UBTYPE OF (date);

week _component : week In_year _number;
day_component : OPTIONAL day_in_week number;
END_ENTITY; -- week_of year_and_day_date

ENTITY wire_shell

S

UBTYPE OF (topological_representation_item);
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wire_shell_extent : SET [1:?] OF loop;
WHERE
WR1: NOT mixed_loop_type_set(wire_shell_extent);
END_ENTITY; -- wire_shell

ENTITY work order

©I1SO

PERTYPE OF (ONEOF (change_order,start_order))
UBTYPE OF (executed_action);

NIQUE

Lrl : name;

END _ENTITY; -- work_order

(@l V)]

TITY work_order_relationship

UBTYPE OF (action_relationship);

HERE

WR1: ((CHANGE_ORDER' IN (TYPEOF(SELR\action_relationship.
relating_action) OR 'START_ORDER")) IN TYPEOF(SELF\
action_relationship.relating_action)) AND ((CHANGE_ORDER'
IN (TYPEOF(SELF\action_relationship.related_action) OR
'START_ORDER?)) IN TYPEOF(SELF\action_relationship.
related_action));

END_ENTITY; -- work_order_relationship

<D

RULE application_context_requires_ap_definition FOR
application_context, application_protocol_definition);
HERE
R1: SIZEOF (QUERY (ac <* application_context |

NOT (SIZEOF (QUERY (apd <* application_protocol_definition |
(ac :=: apd.application)

AND

<=~

(apd.application_interpreted_model_schema_name =
'sheet_metal))) =1))) =0;
END_RULE; -- application_context_requires_ap_definition

RULE approval_requires_approval .date_time FOR (approval,
approval_date_time);

WHERE

WR1: SIZEOF(QUERY (a<*approval | (NOT (SIZEOF(QUERY ( apo <*
approval_date_time |(a :=: apo.dated_approval) )) = 1)) )) =
END_RULE; -- approval ‘requires_approval_date_time

RULE approval_reguires_approval_person_organization FOR (approval,

approval /person_organization);

HERE

R1: SIZEOF(QUERY (a <* approval | (NOT (SIZEOF(QUERY ( apo <*
approval_person_organization | (a :=: apo.authorized_approval) ))
>21)))) = 0;

END-'RULE; -- approval_requires_approval_person_organization

<=

RULE cardinality_action_method_to_process_plan FOR (action_method,
process_plan);
WHERE
WR1: SIZEOF(QUERY (.am <* action_method | ((am.name =
'part process plan template') AND (NOT (SIZEOF(QUERY ( pp <*
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process_plan | (am :=: pp.chosen_method) )) = 1))) )) = 0;
END_RULE; -- cardinality_action_method_to_process_plan

RULE cardinality_product_definition_process_to_action_resource_requirement
FOR (product_definition_process, action_resource_requirement);
WHERE
WR1: SIZEOF(QUERY ( pdp <* product_definition_process |
(NOT (SIZEOF(QUERY ( afr <* action_resource_requirement |
(pdp :=: arr.operations) )) <= 1)) )) = 0;
END_RULE;
-- ¢ardinality_product_definition_process_to_action_resource_requirement

RULE cardinality_sm_action_assignment_to_process_plan FOR (

sheet_metal_action_assignment, process_plan);

HERE

R1: SIZEOF(QUERY ( pp <* process_plan | (NOT (SIZEOF(QUERY ( smaa <*
sheet_metal_action_assignment | (pp IN smaa.items) )) <= 1)) ))

<=

EN D_RUL’E; -- cardinality_sm_action_assignment_to_process_plan

RULE cardinality_sm_action_assignment_to_product_definition FOR (
sheet_metal_action_assignment, product_definition);
HERE
R1: SIZEOF(QUERY ( pd <* product_definition | (NOT (SIZEOF(
QUERY (' smaa <* sheet_metal action_assignment |
(pd IN smaa.items) )) <= 1)) )) = 0;
END_RULE; -- cardinality_sm_action_assignment_to_product_definition

<=

RULE cardinality_sm_action_assignment_to_product,_definition_formation FOR (

sheet_metal_action_assignment, product. definition_formation);

HERE

R1: SIZEOF(QUERY ( pdf <* product_definition_formation | (NOT (
SIZEOF(QUERY ( smaa <* sheet .metal_action_assignment | (pdf IN
smaa.items) )) <= 1)) )) = 0;

END_RULE; --cardinality_sm_actionsassignment_to_product_definition_formation

<=

RULE cardinality_sm_organizatioh, assignment_to_work_order FOR (
sheet_metal_organizationvassignment, work_order);
HERE
R1: SIZEOF(QUERY fwo <* work_order | (NOT (SIZEOF(QUERY ( smoa <*
sheet_metal_organization_assignment | ((‘effector’ = smoa.role)
AND (wo IN smoaitems)) )) >=1)) )) = 0;
END_RULE; -- cardinality_sm_organization_assignment_to_work_order

<=

RULE cardinality, start_order_to_sm_action_assignment FOR (

sheet"metal_action_assignment, start_order);

HERE

R1. SIZEOF(QUERY ( so <* start_order | (NOT (SIZEOF(QUERY ( smaa <*
sheet_metal_action_assignment | (so :=: smaa.assigned_action) ))
>=1)))) =0;

END_RULE; -- cardinality_start_order_to_sm_action_assignment

<=

RULE cardinality_work_order_to_sm_contract_assig_or_sm_org_assig FOR (
work_order, sheet_metal_contract_assignment,
sheet_metal_organization_assignment);
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WHERE
WR1: SIZEOF(QUERY (wo <* work_order | (NOT (SIZEOF(QUERY ( smca <*
sheet_metal_contract_assignment | (wo IN smca.items) )) = 1))
XOR (SIZEOF(QUERY ('smoa <*
sheet_metal_organization_assignment | (wo IN smoa.items) )) =
1)) =0;
END_RULE; -- cardinality work_order_to_sm_contract _assig_or_sm_org_assig

©I1SO

RULE compatible_dimension FOR (cartesian_point, direction,
representation_context, geometric_representation_context);
HERE

R1: SIZEOF(QUERY ( x <* cartesian_point | (SIZEOF(QUERY (y <*
geometric_representation_context | (item_in_context(x,y) AND (
HIINDEX(x.coordinates) <> y.coordinate_space_dimension)) )) >
0))) =0;

R2: SIZEOF(QUERY ( x <* direction | (SIZEOF(QUERY (y <*
geometric_representation_context | (item_in_context(x,y) AND (
HIINDEX(x.direction_ratios) <> y.coordinate_space_dimension)) ))
>0)))=0;

END_RULE; -- compatible_dimension

<=

=

RULE dependent_instantiation_for_action FOR (action);
HERE
R1: SIZEOF(QUERY ( a <* action | (NOT (SIZEOF(USEDIN(a,")) >= 1)) ))

<=

EN D_RUL’E; -- dependent_instantiation_for_action

RULE dependent_instantiation_for_action_request_selution FOR (

action_request_solution);

HERE

R1: SIZEOF(QUERY ( ars <* action_requestisolution | (NOT (SIZEOF(
USEDIN(ars,")) >= 1)) )) =0;

END_RULE; -- dependent_instantiation_for action_request_solution

<=

RULE dependent_instantiation_for_application_context FOR (

application_context);

HERE

R1: SIZEOF(QUERY ( ac s*application_context | (NOT (SIZEOF(USEDIN(ac,
) >=1))))=0;

END_RULE; -- dependent..instantiation_for_application_context

<=

RULE dependent_instantiation_for_configuration_design FOR (

configuration_design);

HERE

R1: SIZEOR(QUERY ( cd <* configuration_design | (NOT (SIZEOF(USEDIN(cd,
") >=1)))) = 0;

END_RULE;“ dependent_instantiation_for_configuration_design

<=

RULE dependent_instantiation_for_contract FOR (contract);
WHERE

WR1: SIZEOF(QUERY ( ¢ <* contract | (NOT (SIZEOF(USEDIN(c,")) >= 1)) ))
END_RUL’E; -- dependent_instantiation_for_contract

RULE dependent_instantiation_for_date_role FOR (date_role);
WHERE
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WR1: SIZEOF(QUERY ( dr <* date_role | (NOT(SIZEOF(USEDIN(dr,")) >= 1)) ))
=0;
END_RULE; -- dependent_instantiation_for_date role

RULE dependent_instantiation_for_date_time_role FOR (date_time_role);
WHERE

WR1: SIZEOF(QUERY ( dtr <* date time_role | (NOT (SIZEOF(USEDIN(dtr,"))
>=T))))=0;
END_RULE; -- dependent_instantiation_for_date time_role

RULE dependent_instantiation_for_derived_unit FOR (derived_unit);

HERE

R1: SIZEOF(QUERY ( du <* derived_unit | (NOT (SIZEOF(USEDIN(du,")) >=
1))))=0;

END_RULE; -- dependent_instantiation_for_derived_unit

<=

RULE dependent_instantiation_for_document_reference FOR (

document_reference);

HERE

R1: SIZEOF(QUERY ( dr <* document_reference | (NOT (SIZEOF(USEDIN(dr,"))
>=1)))) = 0;

END_RULE; -- dependent_instantiation_for_document_reference

<=

RULE dependent_instantiation_for_functionally defined_transfarmation FOR (

functionally _defined_transformation);

HERE

R1: SIZEOF(QUERY ( fdt <* functionally_defined_tragsformation | (NOT (
SIZEOF(USEDIN(fdt,")) >= 1)) )) = 0;

END_RULE; -- dependent_instantiation_for_functionally defined_transformation

<=

RULE dependent_instantiation_for_item_defined, transformation FOR (
item_defined_transformation);

HERE

R1: SIZEOF(QUERY ( idt <* item_defined_transformation | (NOT (SIZEOF(
USEDIN(idt,")) >= 1)) )) = 0;

END_RULE; -- dependent_instantiation_for_item_defined_transformation

<=

RULE dependent_instantiation—foer_organization_role FOR (
organization_role);
HERE
R1: SIZEOF(QUERY \(-o_r <* organization_role | (NOT (SIZEOF (USEDIN
(o_r,") >=1)))) = 0;

END_RULE; -- dependent_instantiation_for_organization_role

<=

RULE dependent instantiation_for_person_and_organization_role FOR (
persemn and_organization_role);

HERE

R1. SIZEOF(QUERY ( paor <* person_and_organization_role | (NOT (SIZEOF(
WUSEDIN(paor,")) >= 1)) )) =0;

ENDZRULE; -- dependent instantiation for person and organization role

<=

RULE dependent_instantiation_for_person_role FOR (person_role);
WHERE
WR1: SIZEOF(QUERY (pr <* person_role | (NOT(SIZEOF(USEDIN(pr,")) >= 1)) ))

END_RUL’E; -- dependent_instantiation_for_person_role
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RULE dependent_instantiation_for_tolerance_value FOR (tolerance_value);
WHERE
WR1: SIZEOF(QUERY ( tr <* tolerance_value | (NOT (SIZEOF(USEDIN(tr,"))
>=1)))) = 0;
END_RULE; -- dependent_instantiation_for_tolerance_value

©I1SO

RULE executed_action_requires_approval FOR (execufed_action,
sheet_metal_approval_assignment);
HERE

<=

sheet_metal_approval_assignment | (ea IN smaa.items) )) >= 1)) ))
EN D_RUL’E; -- executed_action_requires_approval

RULE executed_action_requires_date or_date_and_time FOR (executed_action;
sheet_metal_date_assignment,
sheet_metal_date_and_time_assignment);

HERE

R1: SIZEOF(QUERY ( ea <* executed_action | (NOT ((SIZEOF(
QUERY ( smda <* sheet_metal_date_assignment | (ea IN smda:
items) )) + SIZEOF(QUERY ( smdata <*
sheet_metal_date_and_time_assignment | (ea IN smdatasdtems) )))
=1)))=0;

END_RULE; -- executed_action_requires_date_or_date_and\time

<=

RULE executed_action_requires_organization FOR (executed_action,
sheet_metal_organization_assignment);
HERE

<=

sheet_metal_organization_assignment | (ea\IN smoa.items) )) >= 1)) ))
EN D_RUL’E; -- executed_action_requires, organization

RULE global_uncertainty_assigned_context_constraint FOR (

global_uncertainty assigned. cohtext);

HERE

R1: SIZEOF(QUERY ( guac<*global_uncertainty_assigned_context | (
NOT (SIZEOF(guac.uncertainty) = 2)) )) = O;

R2: SIZEOF(QUERY /(-guac <* global_uncertainty_assigned_context | (
NOT ((SIZEOF(QUERY ( x <* guac.uncertainty | (
'SHEET_METAL.LENGTH_UNIT' IN TYPEOF(x.unit_component)) )) = 1)
AND (SIZEOF(QUERY ( x <* guac.uncertainty | (
'SHEET_METAL.PLANE_ANGLE_UNIT' IN TYPEOF(x.unit_component)) ))
= 1)) N0

END_RULE;™:‘global_uncertainty_assigned_context_constraint

<=

=

RULE proeess_plan_requires_product_definition FOR (process_plan,
sheet_metal_action_assignment);
WHERE

R1: SIZEOF(QUERY ( ea <* executed_action | (NOT (SIZEOF(QUERY ( smaa <*

R1: SIZEOF(QUERY ( ea <* executed_action [{NOT (SIZEOF(QUERY ( smoa <*

WR1: SIZEOF(QUERY ( pp <* process_plan | (NOT (SIZEOF(QUERY ( smaa <*
sheet_metal_action_assignment | ((smaa\action_assignment.
assigned_action :=: pp\act|on) AND (SIZEOF(QUERY( i <* smaa.items
|((SHEET METAL.' + 'PRODUCT _DEFINITION') IN TYPEOKF(i)) ))

nN=1))=0; _
END_RULE -- process_plan_requires_product_definition
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RULE product_definition_formation_requires_date_or_date_and_time FOR (
product_definition_formation, sheet_metal_date assignment,
sheet_metal_date_and_time_assignment);

WHERE

WR1: SIZEOF(QUERY ( pdf <* product_definition_formation | (NOT ((

SIZEOF(QUERY ( smda <* sheet_metal_date_assignment | (pdf IN

smda.items) )) + SIZEOF(QUERY ( smdata <*

sheel_metal_date_and_time_assignment [ (pdf IN smdata.items))))
=1)))=0;

END_RULE; -- product_definition_formation_requires_date or_date_and_time

RULE product_definition_formation_requires_product_definition FOR (
product_definition_formation, product_definition);

HERE

R1: SIZEOF(QUERY ( pdf <* product_definition_formation | (NOT (SIZEOF(
QUERY ( pd <* product_definition | (pdf :=: pd.formation) )) >= 1)) ))

<=

EN D_R'ULE; -- product_definition_formation_requires_product_definition

RULE product_requires_product_definition_formation FOR (product,

product_definition_formation);

HERE

R1: SIZEOF(QUERY ( p <* product | (NOT (SIZEOF(QUERY{ pdf <*
product_definition_formation | (p :=: pdf.of_product) )) >=1))))

<=

EN D_RUL’E; -- product_requires_product_definition_formation

LE product_requires_product_type FOR (product, product_type);

HERE

R1: SIZEOF(QUERY ( p <* product | (NOT (SIZEOF(QUERY ( pt <*
product_type | (SIZEOF(p IN pt\
product_related_product_category.products) = 1) )) = 1)) )) =
0;

END_RULE; -- product_requires_product_type

<=3

RULE restrict_assembly _component_ usage_substitute FOR (

assembly_component_usage” substitute, product_type);

HERE

R1: SIZEOF(QUERY ( acus<* assembly _component_usage substitute | (NOT (
('SHEET_METAL.QUANTIFIED_ASSEMBLY_COMPONENT_USAGE' IN TYPEOF(
acus.base)) AND (
'SHEET_METAL.QUANTIFIED_ASSEMBLY_COMPONENT_USAGE' IN TYPEOF(acus
.substitute)))).)y= 0;

R2: SIZEOF(QUERY (acus <* assembly _component_usage_substitute | (
product-type of product(acus.base.relating_product_definition.
formation.of_product,product_type).name =
praduct_type_of product(acus.substitute.
rélating_product_definition.formation.of _product,product_type)

‘name) ));
ENDZRULE; -- restrict assembly component usage substitute

<=

=

RULE restrict_date_role FOR (date_role);
WHERE
WR1: SIZEOF(QUERY ( dr <* date_role | (NOT (dr.name IN [
‘creation date’,'revision date’,'review date’,
‘production year date','completion date','order date’,
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‘preliminary review date’,'start date’,'request date)) )) =
END_RULE; -- restrict_date role
RULE restrict_date_time_role FOR (date_time_role);

WHERE
WR1: SIZEOF(QUERY ( dtr <* date_time_role | (NOT (dtr.name IN [

©I1SO

'creafion date’,revision date’,review date’,

‘completion date','order date','preliminary review date’,
'start date’,'request date')) )) = 0;

END_ RULE; -- restrict_date_time_role

LE restrict_organization_role FOR (organization_role);

HERE

R1: SIZEOF(QUERY ( o_r <* organization_role | (NOT
(o_r.name IN ['design supplier','effector’,
'implementor’, 'order source','plant’,'supplier’)) )) = 0;

END_RULE; -- restrict_organization_role

<=3

RULE restrict_person_and_organization_role FOR (

person_and_organization_role);

HERE

R1: SIZEOF(QUERY ( paor <* person_and_organization_role{| (NOT (
paor.name IN ['data owner','planner’,'implementorT)) )) =

<=

EN D_RULE; -- restrict_person_and_organization_role

LE restrict_person_role FOR (person_role);

HERE

R1: SIZEOF(QUERY ( pr <* person_role | (NOF,(pr.name IN [
‘designer’,'implementor’,'purchaser’,'work.requestor)) )) =

<=3

EN D_RULE; -- restrict_person_role

HERE
R1: SIZEOF(QUERY ( pdc <*product_definition_context | (NOT ((pdc.
life_cycle_stage = 'design") OR (pdc.life_cycle_stage =
'in process') OR (pdcdife“cycle_stage =
‘as physically modelled’) OR (pdc.life_cycle_stage =
'as design constrained’))) )) = 0;
END_RULE; -- restrict product_definition_context

<=3

RULE restrict_quantified_assembly_component_usage FOR (
guantifiediassembly_component_usage, product_type);
HERE

<=

product_type_of_product(gacu.relating_product_definition.
formation.of_product,product_type).name =

LE restrict_product_definition_context FOR (product_definition_context);

R1: SIZEOF(QUERY ( gacu <* quantified_assembly component_usage | (

product type of product(gacu.related product definition.formation

.of_product,product_type).name) ));
END_RULE; -- restrict_quantified_assembly _component_usage

RULE same_type for_relationships FOR (product_definition_relationship,

product_type);
WHERE
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WR1: SIZEOF(QUERY ( pdr <* product_definition_relationship | (NOT ((((
pdr.name <> (‘assembly component' AND pdr.name)) <> (‘mating’
AND pdr.name)) <> 'symmetrical’) OR (pdr.name IN ([

‘assembly component','mating’,'symmetrical’] AND (

product_type of product(pdr.relating_product_definition.
formation.of _product,product_type).name =

product type of product(pdr.related product definition.
formation.of_product,product_type).name))))) )) = O;

END_RULE; -- same_type_for_relationships

RULE subtype_mandatory for_shape_representation FOR (

shape_representation);

HERE

R1: SIZEOF(QUERY ( sr <* shape_representation | (NOT ((SIZEOF([
'SHEET_METAL.ADVANCED_BREP_SHAPE_REPRESENTATION/,
'SHEET_METAL.FACETED_BREP_SHAPE_REPRESENTATION!,
'SHEET_METAL.CSG_SHAPE_REPRESENTATION!,
'SHEET_METAL.GEOMETRICALLY_BOUNDED_SURFACE_SHAPE-REPRESENTATION!,
'SHEET_METAL.EDGE_BASED_WIREFRAME_SHAPE_REPRESENTATION',
'SHEET_METAL.SHELL_BASED_ WIREFRAME_SHAPE_REPRESENTATION',
'SHEET_METAL.GEOMETRICALLY_BOUNDED_WIREFRAME_SHAPE_REPRESENTAT  ION',
'SHEET_METAL.MANIFOLD_SURFACE_SHAPE_REPRESENTATION') *
TYPEOF(sr')) =1)))) =0;

END_RULE; -- subtype_mandatory_for_shape_representation

<=

RULE subtype_mandatory _work_order FOR (work_order);
WHERE
WR1: SIZEOF(QUERY ( wo <* work_order | (NOT (
'SHEET_METAL.CHANGE_ORDER' IN TYPEOF(wo0))) AND (NOT (
'SHEET_METAL.START_ORDER' IN TYPEOF(w0)))) )) = 0;
END_RULE; -- subtype_mandatory_work_order.

RULE work_request_requires_date_or_date “and_time FOR
(Versioned_action_request, sheet_metal ,date_assignment,
gheet_metal_date_and_time_assignment);
WHERE

WR1: SIZEOF (QUERY (varg <*wversioned_action_request |
NOT (SIZEOF (QUERY (smda <* sheet_metal_date_assignment |
varg IN smda.items)) +

SIZEOF (QUERY (smdata <* sheet_metal_date_and_time_assignment |

varq IN smdata.items)).=1))) = 0;
END_RULE; -- work .regquest_requires_date _or_date_and_time

RULE work_request’ requires_person FOR (versioned_action_request,
sheet_metal_person_assignment);
WHERE
WR1: SIZEOF(QUERY ( varg <* versioned_action_request | (NOT (SIZEOF(
QUERY ( smpa <* sheet_metal_person_assignment |
(varg IN smpa.items))) >= 1)) )) = 0;
ENDZRULE; -- work request requires person

FUNCTION acyclic_action_relationship(
relation: action_relationship;
relatives: SET [1:?] OF action;
specific_relation: STRING

): LOGICAL;
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LOCAL
[ . INTEGER;
X : SET [1:?] OF action_relationship;
local_relatives : SET [1:?] OF action;
END_LOCAL;
REPEAT i := 1 TO HIINDEX(relatives) BY 1;
IF relation.relating_action :=: relatives[i] THEN
RETURN(FALSE);
END_IF;
ND_REPEAT,;
= bag_to_set(USEDIN(relation.relating_action,specific_relation));
cal_relatives := relatives + relation.relating_action;
SIZEOF(x) > 0 THEN
REPEAT i := 1 TO HIINDEX(x) BY 1;
IF NOT acyclic_action_relationship(x[i],local_relatives,
specific_relation) THEN
RETURN(FALSE);
END_IF;
FND_REPEAT,;
END_IF;
RETURN(TRUE);
END_FUNCTION; -- acyclic_action_relationship

o XxXm

FUNCTION acyclic_curve_replica(
rep: curve_replica;
parent: curve
: BOOLEAN;
F NOT (SHEET_METAL.CURVE_REPLICA' IN TYREOF(parent)) THEN
RETURN(TRUE);
ND_IF;
IF parent :=: rep THEN
RETURN(FALSE);
SE

m =

M
=

RETURN(acyclic_curve_replica(rep,parent\curve_replica.parent_curve));
ND_IF;
END_FUNCTION; -- acyclic_curve_.replica

M

FUNCTION acyclic_mapped_representation(
parent_set: SET OFTepresentation;
children_set: SET-OF representation_item
: BOOLEAN;
DCAL
- INTEGER,;
X : SET OF representation_item;
y - SET OF ¢epresentation_item;
ND_LOCAL;]
= QUERY/( z <* children_set | (SHEET_METAL.MAPPED_ITEM' IN TYPEOF(

—

X Mm

2)));
K SIZEOF(x) > 0 THEN
REPEAT i := 1 TO HIINDEX(x) BY 1,
IF x[I\mapped_item.mapping_source.mapped_representation IN
parent_set THEN
RETURN(FALSE);
END_IF;
IF NOT acyclic_mapped_representation(parent_set + x[i\mapped_item
.mapping_source.mapped_representation,x[ij\mapped_item.
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mapping_source.mapped_representation.items) THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
END_IF;
X := children_set - x;
IF SIZEOF(x) > 0 THEN
EPEAT 1:=1 TO HIINDEX(X) BY 1
y := QUERY ( z <* bag_to_set(USEDIN(X[i],")) | (
'SHEET_METAL.REPRESENTATION_ITEM' IN TYPEOF(2)) );
IF NOT acyclic_mapped_representation(parent_set,y) THEN
RETURN(FALSE);
END_IF;
FND_REPEAT,;
END_IF;
RETURN(TRUE);
END_FUNCTION; -- acyclic_mapped_representation

FUNCTION acyclic_point_replica(
rep: point_replica;
parent: point
: BOOLEAN;
f NOT ('SHEET_METAL.POINT_REPLICA' IN TYPEOF(parent)))THEN
RETURN(TRUE);
ND_IF;
If parent :=: rep THEN
RETURN(FALSE);
SE

m =

M
=

RETURN(acyclic_point_replica(rep,parent\point_réplica.parent_pt));
ND_IF;
END_FUNCTION; -- acyclic_point_replica

M

FUNCTION acyclic_product_category_relationship(
relation: product_category_relationship;
children: SET OF product_category

: LOGICAL;
LPCAL
. INTEGER;
X : SET OF product,-eategory_relationship;
ocal_children : SET OF-product_category;
BEND_LOCAL;
REPEAT i := 1 TO HINDEX(children) BY 1,
F relation.categery:=: children[i] THEN
RETURN(FALSE);
END_IF;
END_REPEAT;
X|:= bag<to.*set(USEDIN(relation.category, SHEET_METAL.' +

'PROBDUCT_CATEGORY_RELATIONSHIP.SUB_CATEGORY"));
Igcal_ehildren := children + relation.category;
If SIZEOF(x) > 0 THEN
REPEAT 1:= 1 TO HIINDEX(x) BY 1;

IF NOT acyclic_product_category_relationship(x[i],local_children)

THEN
RETURN(FALSE);

END_IF;

END_REPEAT,;
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END_IF;
RETURN(TRUE);
END_FUNCTION; -- acyclic_product_category_relationship

FUNCTION acyclic_product_definition_relationship(
relation: product_definition_relationship;
relatives: SET OF product_definition;

©I1SO

specitc_relation: STRING

: LOGICAL;
LPCAL
. INTEGER;
X : SET OF product_definition_relationship;
ocal_relatives : SET OF product_definition;
BEND_LOCAL;
REPEAT i := 1 TO HIINDEX(relatives) BY 1;
F relation.relating_product_definition :=: relatives[i] THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
x|:= bag_to_set(USEDIN(relation.relating_product_definition,

specific_relation));

Igcal_relatives := relatives + relation.relating_product_definition;

IF SIZEOF(x) > 0 THEN

REPEAT i := 1 TO HIINDEX(x) BY 1;

IF NOT acyclic_product_definition_relationship(x[i],

local_relatives,specific_relation) THEN

RETURN(FALSE);

END_IF;

EFND_REPEAT;

END_IF;

RETURN(TRUE);

END_FUNCTION; -- acyclic_product_definitian,_relationship

FUNCTION acyclic_solid_replica(
rep: solid_replica;
parent: solid_model
: BOOLEAN;
f NOT (SHEET_METAL.SOLID. REPLICA' IN TYPEOF(parent)) THEN
RETURN(TRUE);
ND_IF;
If parent :=: rep THEN
RETURN(FALSE);
SE

m =

M
=

RETURN(acyelic/solid_replica(rep,parent\solid_replica.parent_solid));
ND_IF;
END_FUNGTION; -- acyclic_solid_replica

M

FUNCTION acyclic_surface_replica(
rep: surface_replica;
parent: surface

: BOOLEAN;

IF NOT (SHEET_METAL.SURFACE_REPLICA' IN TYPEOF(parent)) THEN
RETURN(TRUE);

END_IF;

IF parent :=: rep THEN
RETURN(FALSE);
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ELSE

RETURN(acyclic_surface_replica(rep,parent\surface_replica.

parent_surface));
END_IF;
END_FUNCTION; -- acyclic_surface_replica

FUNCTION associated surface(

ISO 10303-207:1999(E)

arg: pcurve_or_surface
: surface;

'SHEET_ METAL.PCURVE' IN TYPEOF(arg) THEN
urf := arg.basis_surface;
LSE

ETURN(surf);
END_FUNCTION; -- associated_surface

FUNCTION bag_to_set(

the_bag: BAG OF GENERIC:intype
: SET OF GENERIC:intype;
DCAL

: INTEGER;
he_set : SET OF GENERIC:intype := [];
ND_LOCAL;
i SIZEOF(the bag) > 0 THEN
REPEAT i := 1 TO HIINDEX(the_bag) BY 1;
the_set := the_set + the_bag]i];
END_REPEAT;
END_IF;
RETURN(the_set);
END_FUNCTION; -- bag_to_set

I_

E=al|

FUNCTION base_axis(
dim: INTEGER,;
axisl, axis2, axis3: direction
: LIST [2:3] OF direction;
DCAL
I : LIST [2:3] OF direction;
vec : direction;
actor : REAL,;
ND_LOCAL;
f dim = 3 THEN
LI[3] := NVI(hormalise(axis3),direction([0,0,1]));
L[1] := first”proj_axis(u[3],axisl);
LI[2] ;= >second_proj_axis(u[3],u[1],axis2);
LSE
[3)):=

—

E=al|

M

F EXISTS(aX|sl) THEN
u[1] := normalise(axisl);
u[2] := orthogonal_complement(u[1]);
IF EXISTS(axis2) THEN
factor := dot_product(axis2,u[2]);
IF factor < 0 THEN
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u[2].direction_ratios[1] :=
u[2].direction_ratios[2] :=
END_IF;

END_IF;

-u[2].direction_ratios[1];
-u[2].direction_ratios[2];

ELSE

IF EXISTS(axis2) THEN
u[2] := normalise(axis2);

©I1SO

E
EN
FU

A

M
=

T[= orthogonal_complement(u[2]);
1].direction_ratios[1] := -u[1].direction_ratios[1];
1].direction_ratios[2] := -u[1].direction_ratios[2];
SE
1].direction_ratios[1] :
1].direction_ratios[2] :
2 ]:
]:

.direction_ratios[1
.direction_ratios[2
END_IF;

END_IF;

ND_IF;

CCCCpCCC
N
ROoOOPR

RETURN(u);

D_FUNCTION; -- base_axis

NCTION basis_curve_check(
Cv: curve
: BOOLEAN;
('SHEET_METAL.B_SPLINE_CURVE' IN TYPEOF(cv)) AND (cv\b_spline_curve
.self_intersect = FALSE) THEN
RETURN(TRUE);
SE

F SIZEOF([SHEET_METAL.BOUNDED_ CURVEY'SHEET_METAL.CONIC',
'SHEET_METAL.LINE'] * TYPEOF(cv)) = 1 THEN
RETURN(TRUE);
ELSE
IF SIZEOF(SHEET_METAL.BOUNDEDCURVE''SHEET_METAL.CURVE_REPLICA']
* TYPEOF(cv)) = 1 THEN
RETURN(basis_curve_check(cvicurve_replica.parent_curve));
ELSE
IF (SIZEOF(['SHEET_METAL.BOUNDED_CURVE',
'SHEET_METAL.OFFSET CURVE_3D" * TYPEOF(cv)) =1) AND (cWw
offset_curve_3d.selfzintersect = FALSE) THEN
RETURN(basis_curvetheck(cv\offset_curve_3d.basis_curve));
ELSE
IF SIZEOF('SHEET_METAL.BOUNDED_CURVE''SHEET_METAL.PCURVE *
TYPEOE(cY)) = 1 THEN
RETURN(basis_curve_check(cv\pcurve.reference_to_curve\
represéntation.items[1]) AND basis_surface_check(cv\
peurve.basis_surface));
ELSE
IE-SIZEOF(SHEET_METAL.BOUNDED_CURVE/,
'SHEET_METAL.SURFACE_CURVET* TYPEOF(cv)) = 1 THEN

IF basis curve check(cv\surface curve.curve 3d) THEN

REPEAT 1:=1 TO SIZEOF(cv\surface_curve.
associated_geometry) BY 1;
IF 'SHEET_METAL.SURFACE' IN TYPEOF(cv\surface_curve.
associated_geometryl[i]) THEN
IF NOT basis_surface_check(cv\surface_curve.
associated_geometryl[i]) THEN
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RETURN(FALSE);
END_IF;
ELSE
IF 'SHEET_METAL.PCURVE' IN TYPEOF(cv\surface_curve.
associated_geometryl[i]) THEN
IF NOT basis_curve_check(cv\surface_curve.
associated _geometryli]) THEN
RETURN(FALSE);
END_IF;
END_IF;
END_IF;
END_REPEAT;
RETURN(TRUE);
END_IF;
ELSE
IF 'SHEET_METAL.POLYLINE' IN TYPEOF(cv) THEN
IF SIZEOF(cv\polyline.points) >= 3 THEN
RETURN(TRUE);

END_TF;
RETURN(FALSE);
END _ FUNCTION; -- basis_curve _check

FUNCTION basis_surface_check(
surf: surface
: BOOLEAN;
'SHEET_METAL.ELEMENTARY_SURFACE' IN TYPEOF(surf) THEN
RETURN(TRUE);
LSE
F 'SHEET_METAL.SWEPT_SURFACE' IN TYPEOF(surf) THEN
RETURN(basis_curve_check(surf\swept_surface.swept_curve));
ELSE
IF (SHEET_METAL.OFFSET_SURFACE' IN TYPEOF(surf)) AND (surf\
offset_surface.self dntersect = FALSE) THEN
RETURN(basis_surface check(surf\offset_surface.basis_surface));
ELSE
IF 'SHEET_METAL.SURFACE REPLICA' IN TYPEOF(surf) THEN
RETURN(basis_surface_check(surf\surface_replica.parent_surface));
ELSE
IF (SHEET_METAL.B_SPLINE_SURFACE' IN TYPEOF(surf)) AND (surfi
b_spline_surface.self_intersect = FALSE) THEN
RETURN(TRUE);
END_IF;
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);
END_FUNCTION; -- basis_surface _check

M=
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FUNCTION boolean_choose(
b: BOOLEAN;
choicel, choice2: GENERIC:item
): GENERIC:item;
IF b THEN
RETURN(choicel);
ELSE
ETURN(choiceZ);
END_IF;
END_FUNCTION; -- boolean_choose

T
—

NCTION build_2axes(
ref_direction: direction
: LIST [2:2] OF direction;
DCAL
) LIST [2:2] OF direction;
ND_LOCAL;
1] := NVL(normalise(ref_direction),direction([1,0]));
2] := orthogonal_complement(u[1]);
ETURN(u);
END_FUNCTION; -- build_2axes

mccm

T
—

NCTION build_axes(
axis, ref_direction: direction
: LIST [3:3] OF direction;
DCAL
) LIST [3:3] OF direction;
ND_LOCAL;
3] := NVL(normalise(axis),direction([0,0,1]));
1] :=first_proj_axis(u[3],ref_direction);
2] := normalise(cross_product(u[3],u[1])).orientation;
ETURN(u);
END_FUNCTION; -- build_axes

C CCm —

0

FUNCTION conditional_reverse(
p: BOOLEAN;
an_item: reversible_topology
: reversible_topology;
F p THEN
RETURN(an_item);
LSE
RETURN(topology.\teversed(an_item));
ND_IF;
END_ FUNCTION;+¥ conditional_reverse

Mm__M_ =

FUNCTIONcenstraints_composite_curve_on_surface(
cicomposite_curve_on_surface

: BOOLEAN;

LPOCAL

h Segments : INTEGER := SIZEOF(c.segments);

END_LOCAL;

REPEAT k :=1 TO n_segments BY 1,

IF (NOT (SHEET_METAL.PCURVE' IN TYPEOF(c\composite_curve.segments|K]
.parent_curve))) AND (NOT ('SHEET_METAL.SURFACE_CURVE' IN TYPEOF(
c\composite_curve.segments[k].parent_curve))) AND (NOT (
'SHEET_METAL.COMPOSITE_CURVE_ON_SURFACE' IN TYPEOF(c\
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composite_curve.segments[k].parent_curve))) THEN
RETURN(FALSE);
END_IF;
END_REPEAT;
RETURN(TRUE);
END_FUNCTION; -- constraints_composite_curve_on_surface

FUNCTION constraints_geometry_shell_based_surface_model(
m: shell_based_surface_model

: BOOLEAN;
LPCAL
fesult : BOOLEAN := TRUE;
BEND_LOCAL;
REPEAT j:= 1 TO SIZEOF(m.sbsm_boundary) BY 1;

F (NOT ('SHEET_METAL.OPEN_SHELL'IN TYPEOF(m sbsm_boundaryf[j])))
AND (NOT ('SHEET_METAL.CLOSED_SHELL' IN TYPEOF(m.sbsm_boundary(j])))
THEN

result := FALSE;

RETURN(result);

END _IF;

END_REPEAT;

RETURN(result);

END_FUNCTION; -- constraints_geometry_shell_based_surface{model

FUNCTION constraints_geometry_shell_based_wireframe_model(
m: shell_based_wireframe_model

: BOOLEAN;
LDCAL
result : BOOLEAN := TRUE;
END_LOCAL;
REPEAT j := 1 TO SIZEOF(m.sbwm_boundary) BY 1;

F (NOT ('SHEET_METAL.WIRE_SHELL!IN TYPEOF(m.sbwm_boundary[j])))
AND (NOT ('SHEET_METAL.VERTEX SHELL' IN TYPEOF(m.sbwm_boundary[j])))
THEN

result := FALSE;

RETURN(result);

END _IF;

END_REPEAT;

RETURN(result);

END_FUNCTION; -- constraints_geometry_shell_based_wireframe_model

FUNCTION constraints -param_b_spline(
degree, up-Knots, up_cp: INTEGER,;
knot_muit:LIST OF INTEGER,;
knots:(LIST OF parameter_value

: BOOLEAN;

l_
O
<

i
=

sUm INTEGER
result : BOOLEAN := TRUE;
END_LOCAL;
sum := knot_mult[1];
REPEAT i :=2 TO up_knots BY 1;
sum := sum + knot_mult[i];
END_REPEAT,;
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IF (degree < 1) OR (up_knots < 2) OR (up_cp < degree) OR (sum <> (

degree + up_cp + 2)) THEN

result := FALSE;
RETURN(result);
END _IF;

k

:= knot_mult[1];

IF (k < 1) OR (k > (degree + 1)) THEN

©I1SO

EN
FU

M

M

esult := FALSE;
ETURN(result);

ND_IF;

EPEAT i:=2 TO up_knots BY 1,

F (knot_mult[i] < 1) OR (knots]i] <= knots[i - 1]) THEN
result := FALSE;

RETURN(result);

END_IF;

K := knot_mult[i];

F (i < up_knots) AND (k > degree) THEN
result := FALSE;

RETURN(result);

END_IF;

F (i = up_knots) AND (k > (degree + 1)) THEN
result := FALSE;

RETURN(result);

END_IF;

ND_REPEAT,;

=
RETURN(result);

D_FUNCTION; -- constraints_param_b_spline

NCTION constraints_rectangular_composite_surface(
S: rectangular_composite_surface
: BOOLEAN;

REPEAT i:=1TO s.n_u BY 1;

REPEAT j:=1TO s.n_v BY 1;
IF NOT ((SHEET METAL.B_SPLINE ;SURFACE' IN TYPEOF(s.segmentsi][j]
.parent_surface)) OR ('SHEET/METAL.RECTANGULAR_TRIMMED_SURFACE'
IN TYPEOF(s.segments]i][j].parent_surface))) THEN
RETURN(FALSE);
END_IF;
FND_REPEAT,;
ND_REPEAT,;
EPEATi:=1TO s.n~4-1BY 1;
REPEAT j := 1 TO.5.R/v BY 1;
IF s.segments[ij[j.u_transition = discontinuous THEN
RETURN(FALSE);
END_IF;
FND_REPEAT,;
ND_REPEAT,;
EPEATi:=1TO s.n_uBY 1;
REPEAT j:=1TOs.n_v-1BY 1;
IE.5.segments]i][jl.v transition = discontinuous THEN

RETURN(FALSE);
END_IF;

END_REPEAT;

E
R

ND_REPEAT;
ETURN(TRUE);

END_FUNCTION; -- constraints_rectangular_composite_surface
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FUNCTION cross_product(
argl, arg2: direction
): vector;
LOCAL
v2 :LIST [3:3] OF REAL;
vl :LIST [3:3] OF REAL;
mag : REAL;
fes : direction;
fesult : vector;
ND_LOCAL,;
F (NOT EXISTS(argl)) OR (argl.dim = 2) OR (NOT EXISTS(arg2)) OR (arg2
.dim = 2) THE
RETURN(?);
LSE
BEGIN
v1 := normalise(argl).direction_ratios;
v2 := normalise(arg2).direction_ratios;
res.direction_ratios[1] := (v1[2] * v2[3]) - (v1[3] * v2[2)]);
res.direction_ratios[2] := (v1[3] * v2[1]) - (v1[1] * v2[3]);
res.direction_ratios[3] := (v1[1] * v2[2]) - (v1[2] * v2[1]);
mag := 0;
REPEATi:=1TO 3 BY 1;
mag := mag + (res.direction_ratios][i] * res.direction_ratios]i]);
END_REPEAT,
IF mag >0 THEN
result.orientation := res;
result. magnitude := SQRT(mag);
ELSE
result.orientation := argl;
result. magnitude := 0;
END_IF;
RETURN(result);

E=al|

M

ND_IF;
END_FUNCTION; -- cross_product

M

FUNCTION curve_weights_positive(
b: rational_b_spline_curve

: BOOLEAN;
LPCAL
result : BOOLEAN :=TRUE;
END_LOCAL;
REPEAT i := 0 TO.h.upper_index_on_control_points BY 1;

F b.weights[i}<=/,0 THEN
result := FALSE;
RETURN(result);
END_IF;
END__REPEAT;
ETURN(result);
ENDZFUNCTION; -- curve weights positive

FUNCTION derive_dimensional_exponents(
X: unit
): dimensional_exponents;
LOCAL
i :INTEGER;

335


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©ISO

result : dimensional_exponents := dimensional_exponents(0,0,0,0,0,0,

0);
END_LOCAL;
IF 'SHEET_METAL.DERIVED_UNIT' IN TYPEOF(x) THEN
REPEAT i := LOINDEX(x.elements) TO HIINDEX(x.elements) BY 1;

result.length_exponent := result.length_exponent + (x.elementsi].
exponent * x.elements]i].unit.dimensions.length _exponent);

result.mass_exponent := result.mass_exponent + (x.elements]l].
exponent * x.elements]i].unit.dimensions.mass_exponent);

result.time_exponent := result.time_exponent + (x.elements]i].
exponent * x.elements][i].unit.dimensions.time_exponent);

result.electric_current_exponent := result.
electric_current_exponent + (x.elements][i].exponent * x.
elements]i].unit.dimensions.electric_current_exponent);

result.thermodynamic_temperature_exponent := result.
thermodynamic_temperature_exponent + (x.elements[i].exponent *
x.elements[i].unit.dimensions.
thermodynamic_temperature_exponent);

result.amount_of substance_exponent := result.
amount_of_substance_exponent + (x.elements[i].exponent * x.
elements]i].unit.dimensions.amount_of substance_exponent);

result.luminous_intensity _exponent := result.
luminous_intensity _exponent + (x.elements[i].exponent * x¢
elements]i].unit.dimensions.luminous_intensity _exponent);

FND_REPEAT,;

BLSE

fesult := x.dimensions;

END_IF;

RETURN(result);

END_FUNCTION; -- derive_dimensional_exponents

FUNCTION dimension_of(
item: geometric_representation_item
: dimension_count;
DCAL
X : SET OF representation;
y : representation_context;
ND_LOCAL;
:= using_representations(item);
= x[1].context_of_items;
ETURN(y\geometric~representation_context.coordinate_space_dimension);
D_FUNCTION; --.dimension_of

—

T o< xm

FUNCTION dimefisions_for_si_unit(
n: si_unit. name
: dimensional_exponents;

dASE n.OF
Mmetre : RETURN(dimensional_exponents(1,0,0,0,0,0,0));
hram : RETURN(dimensional_exponents(0,1,0,0,0,0,0));
second : RETURN(dimensional exponents(0,0,1,0,0,0,0));
ampere : RETURN(dimensional_exponents(0,0,0,1,0,0,0));
kelvin : RETURN(dimensional_exponents(0,0,0,0,1,0,0));
mole : RETURN(dimensional_exponents(0,0,0,0,0,1,0));
candela : RETURN(dimensional_exponents(0,0,0,0,0,0,1));
radian : RETURN(dimensional_exponents(0,0,0,0,0,0,0));
steradian RETURN(dimensional_exponents(0,0,0,0,0,0,0));
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hertz : RETURN(dimensional_exponents(0,0,-1,0,0,0,0));
newton : RETURN(dimensional_exponents(1,1,-2,0,0,0,0));
pascal : RETURN(dimensional_exponents(-1,1,-2,0,0,0,0));
joule : RETURN(dimensional_exponents(2,1,-2,0,0,0,0));
watt : RETURN(dimensional_exponents(2,1,-3,0,0,0,0));
coulomb : RETURN(dimensional_ exponents(0,0,1,1,0,0,0));
volt : RETURN(dimensional_exponents(2,1,-3,-1,0,0,0));
arad : RETURN({dimensional_exponents(-2,-1,4,1,0,0,0));
Dhm : RETURN(dimensional_exponents(2,1,-3,-2,0,0,0));
iemens : RETURN(dimensional_exponents(-2,-1,3,2,0,0,0));
veber : RETURN(dimensional_exponents(2,1,-2,-1,0,0,0));
esla : RETURN(dimensional_exponents(0,1,-2,-1,0,0,0));
henry : RETURN(dimensional_exponents(2,1,-2,-2,0,0,0));
Hegree_celsius : RETURN(dimensional_exponents(0,0,0,0,1,0,0));
umen : RETURN(dimensional_exponents(0,0,0,0,0,0,1));
ux : RETURN(dimensional_exponents(-2,0,0,0,0,0,1));
becquerel RETURN(dimensional_exponents(0,0,-1,0,0,0,0));
hray : RETURN(dimensional_exponents(2,0,-2,0,0,0,0));
Sievert : RETURN(dimensional_exponents(2,0,-2,0,0,0,0));
EFND_CASE;

END_FUNCTION; -- dimensions_for_si_unit

FUNCTION dot_product(
argl, arg2: direction

. REAL;

LOCAL

ndim : INTEGER;

scalar : REAL;

vecl : direction;

vec?2 : direction;

BEIND_LOCAL;
IF (NOT EXISTS(argl)) OR (NOT EXISTS(arg2)) THEN
scalar := ?;
BLSE
F argl.dim <> arg2.dim THEN
scalar := 7?;
ELSE
BEGIN
vecl := normalise(argly);
vec2 := normalise(arg2);
ndim := argl.dim;
scalar := 0;
REPEAT i := 1. TO ndim BY 1;
scalar := sealar + (vecl.direction_ratios[i] * vec2.
direction. ratiosJi]);
END_REREAT,;
END;
S\R) =
ENDIF;
RETWURN(scalar);

END_FUNCTION; -- dot_product

FUNCTION edge_reversed(
an_edge: edge
): edge;
LOCAL
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t

he_reverse : edge;

END_LOCAL,

IF
t

'SHEET_METAL.ORIENTED_EDGE' IN TYPEOF(an_edge) THEN
he_reverse := oriented_edge(an_edge\oriented_edge.edge_element,NOT
an_edge\oriented_edge.orientation);

ELSE

t

he reverse := oriented_edge(an_edge,FALSE);

©I1SO

ND_IF;

EN
FU

—

E=al|

A

ETURN(the_reverse);
D_FUNCTION; -- edge_reversed

NCTION face_bound_reversed(
a_face_bound: face_bound
: face_bound;

DCAL

he reverse : face_bound;

ND_LOCAL,;

'SHEET_METAL.FACE_OUTER_BOUND' IN TYPEOF(a_face_bound) FHEN
he_reverse :=face_bound(a_face bound\face bound.bound,NOT
a_face bound\face bound.orientation);

ELSE

M

EN
FU

—

E=al|

A

M

EN
FU

he_reverse := face_bound(a_face_bound.bound,NOT a_face bgund.
orientation);

ND_IF;

ETURN(the_reverse);
D_FUNCTION; -- face_bound_reversed

NCTION face_reversed(
a face: face
: face;

DCAL

he reverse : face;

ND _LOCAL;

'SHEET_METAL.ORIENTED_FACE'(IN TYPEOF(a_face) THEN

he_reverse := oriented_face(a_face\oriented_face.face_element,NOT
a_face\oriented_face.orientation);

LSE

he_reverse := oriented_face(a. face,FALSE);
ND_IF;

ETURN(the_reverse);

D_FUNCTION; -- face-reversed

NCTION first_proj_axis(
Z_axis, afg.direction

: direction;

DCAL

X_Vec «\ector;
Y ‘direction;
y s.direction;
X “axis : direction;

E

ND_LOCAL,;

IF (NOT EXISTS(z_axis)) OR (NOT EXISTS(arg)) OR (arg.dim <> 3) THEN
X_axis ;= ?;

E

LSE

z_axis := normalise(z_axis);
IF NOT EXISTS(arg) THEN
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IF z_axis <> direction([1,0,0]) THEN
v := direction([1,0,0]);
ELSE
V= dlrectlon([o 1,0));
END_
ELSE
IF cross_product(arg,z).magnitude = 0 THEN
RETURN(?);
ELSE
v := normalise(arg);
END_IF;
END_IF;
X_vec := scalar_times_vector(dot_product(v,z),z_axis);
X_axis := vector_difference(v,x_vec).orientation;
X_axis := normalise(x_axis);
END_IF;
RETURN(x_axis);
END_FUNCTION; -- first_proj_axis

FUNCTION gbsf_check_curve(
CV: curve
: BOOLEAN;

i SIZEOF([SHEET METAL.BOUNDED_CURVE','SHEET_METAL.CIRCLE',
'SHEET_METAL.ELLIPSE'] * TYPEOF(cv)) = 1 THEN

RETURN(TRUE);

LSE

F (SHEET_METAL.B_SPLINE_CURVE' IN TYPEOF(ev)) AND (cv\
b_spline_curve.self_intersect = FALSE) THEN

| RETURN(TRUE);

ELSE

IF (SHEET_METAL.COMPOSITE_CURVE.N TYPEOF(cv)) AND (cv\
composite_curve.self_intersect = FALSE) THEN

RETURN(SIZEOF(QUERY ( seg <* cv\composite_curve.segments | (NOT

gbsf_check_curve(seg.parent_curve)) )) = 0);
ELSE

IF SIZEOF([SHEET_METAL.BOUNDED_CURVE/,
'SHEET_METAL.CURVE ‘REPLICA] * TYPEOF(cv)) = 1 THEN

RETURN(gbsf_check_curye(cvicurve_replica.parent_curve));
ELSE

IF (SIZEOF(['SHEET,_METAL.BOUNDED_CURVE',
'SHEET_METAL.OFFSET_CURVE 3D]*TYPEOF(cv)) 1) AND (cw\
offset_curve."3dself_intersect = FALSE) THEN

RETURN(ghsf) check_curve(cv\offset_curve 3d.basis_curve));

ELSE

IF SIZEOF([SHEET_METAL.BOUNDED_CURVE''SHEET_METAL.PCURVE']
* TYPEOF(cv)) = 1 THEN
RETURN(gbsf_check_curve(cv\pcurve.reference_to_curve.items

[1]) AND gbsf_check_surface(cv\pcurve.basis_surface));
SE

M

IF 'SHEET _METAL.POLYLINE'IN TYPEOF(cv) THEN
IF (SIZEOF(cv\polyline.points) >= 3) AND (SIZEOF(
bag to set(USEDIN(cv,") - bag_to_set(USEDIN(cv

( ]
'GEOMETRY_SCHEMA.INTERSECTION_CURVE.BASIS_CURVE)) =
0) THEN

RETURN(TRUE);
END_IF;
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ELSE

IF SIZEOF(SHEET_METAL.BOUNDED_CURVE/,
'SHEET_METAL.SURFACE_CURVET* TYPEOF(cv)) =1 THEN
IF gbsf_check_curve(cv\surface_curve.curve_3d) THEN
REPEAT i :=1 TO SIZEOF(cv\surface_curve.
associated_geometry) BY 1;
IF 'SHEET METAL.SURFACE' IN TYPEOF(cv\
surface_curve.associated_geometry[i]) THEN
IF NOT gbsf_check_surface(cv\surface_curve.
associated_geometryli]) THEN
RETURN(FALSE);
END_IF;
ELSE
IF 'SHEET_METAL.PCURVE' IN TYPEOF(cv\
surface_curve.associated_geometry[i]) THEN
IF NOT gbsf_check_curve(cv\surface_curve.
associated_geometry[i]) THEN
RETURN(FALSE);
END_IF;
END_IF;
END_IF;
END_REPEAT;
RETURN(TRUE);
END_IF;
ELSE

IF 'SHEET_METAL.TRIMMED_CURVE' IN TYREOF(cv) THEN
IF SIZEOF(SHEET_METAL.BOUNDED_CURVE/,
'SHEET_METAL.LINE','SHEET_METAL.PARABOLA',
'SHEET_METAL. HYPERBOLA] * TYREOF(cw\
trimmed_curve.basis_curve)) = 1.THEN
RETURN(TRUE);
ELSE

RETURNY(gbsf_check_curve(cvitrimmed_curve.
basis_curve));
END IF

E
HETURN(FALSE)
END_FUNGCTION; -- gbsf_check_curve

FUNCTION gbsf_check_point(
pnt: point
:BOOLEAN;
IF'SHEET_METAL.CARTESIAN_POINT' IN TYPEOF(pnt) THEN
RETURN(TRUE);
ELSE

IF 'SHEET_METAL.POINT_ON_CURVE' IN TYPEOF(pnt) THEN

RETURN(gbsf_check_curve(pnt\point_on_curve.basis_curve));
ELSE
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IF 'SHEET_METAL.POINT_ON_SURFACE' IN TYPEOF(pnt) THEN
RETURN(gbsf_check_surface(pnt\point_on_surface.basis_surface));
ELSE
IF 'SHEET_METAL.DEGENERATE_PCURVE' IN TYPEOF(pnt) THEN
RETURN(gbsf_check_curve(pnt\degenerate pcurve.
reference_to_curve.items[1]) AND gbsf_check_surface(pnt\
degenerate pcurve.basis_surface));
END_IF;
END_IF;
ND_IF;
ND_IF;
ETURN(FALSE);
END_FUNCTION; -- gbsf_check_point

FUNCTION gbsf_check_surface(
sf: surface
: BOOLEAN;
F (SHEET_METAL.B_SPLINE_SURFACE' IN TYPEOF(sf)) AND (sf\
b_spline_surface.self_intersect = FALSE) THEN
RETURN(TRUE);
LSE
F SIZEOF([SHEET_METAL.SPHERICAL_SURFACE',
'SHEET_METAL.TOROIDAL_SURFACE * TYPEOF(sf)) ={ THEN
RETURN(TRUE);
ELSE
IF 'SHEET_METAL.CURVE_BOUNDED_SURFACE' IN-TYPEOF(sf) THEN
IF SIZEOF('SHEET_METAL.CONICAL_SURFACE};
'SHEET_METAL.CYLINDRICAL_SURFACE','SHEET_METAL.PLANE'] *
TYPEOF(sficurve_bounded_surface.basis_surface)) = 1 THEN
RETURN(SIZEOF(QUERY ( bcurve <* sficurve_bounded_surface.
boundaries | (NOT gbsf_check_curve(bgurve)) )) = 0);
ELSE
IF gbsf_check_surface(sf\curve_bounded_surface.basis_surface)
THEN
RETURN(SIZEOF(QUERY ( bturve <* sficurve_bounded_surface.
boundaries | (NOT gbsf_check_curve(bcurve)) )) = 0);
END_IF;
END_IF;
ELSE
IF (SHEET_METAL.QFFSET_SURFACE' IN TYPEOF(sf)) AND (sf\
offset_surface.self_intersect = FALSE) THEN
RETURN(gbsf.ehéeck_surface(sf\offset_surface.basis_surface));
ELSE
IF 'SHEEJA METAL.RECTANGULAR_COMPOSITE_SURFACE' IN TYPEOF(sf)
THEN
REREAT i :=1 TO SIZEOF(sfirectangular_composite_surface.

segments) BY 1,

REPEAT j:=1 TO SIZEOF(sf\rectangular_composite_surface.
segments]i]) BY 1;

IF NOT gbsf check surface(sf\
rectangular_composite_surface.segmentsi][j].
parent_surface) THEN

RETURN(FALSE);

END_IF;

END_REPEAT;
END_REPEAT;

M

341


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©ISO

RETURN(TRUE);
ELSE
IF 'SHEET_METAL.RECTANGULAR_TRIMMED_SURFACE' IN TYPEOF(sf)
THEN
IF SIZEOF([SHEET_METAL.CONICAL_SURFACE',
'SHEET_METAL.CYLINDRICAL_SURFACE','SHEET _METAL.PLANE]
* TYPEOF(sfirectangular_trimmed_surface. ba5|s_surface))
=1 THEN
RETURN(TRUE);
ELSE
RETURN(gbsf_check_surface(sfirectangular_trimmed_surface
.basis_surface));
END_IF;
ELSE
IF 'SHEET_METAL.SURFACE_REPLICA' IN TYPEOF(sf) THEN
RETURN(gbsf_check_surface(sf\surface_replica.
parent_surface));
ELSE
IF 'SHEET_METAL.SWEPT_SURFACE' IN TYPEOF(sf) THEN
RETURN(gbsf_check_curve(si\swept_surface.swept_curve));
END IF

E
HETURN(FALSE)
END_FUNCTION; -- gbsf_check_surface

FUNCTION get_basis_surface(
c: curve_on_surface
: SET [0:2] OF surface;
DCAL
surfs @ SET [0:2] OF surface;
N INTEGER;
ND_LOCAL;
irfs := [];
f 'SHEET_METAL.PCURVE' IN TYPEOF(c) THEN
surfs ;= [c\pcurve.basis_surface];
SE

M _U’I'ﬂ —
=

F 'SHEET_METAL/SURFACE_CURVE' IN TYPEOF(c) THEN
n := SIZEOE(¢c\surface_curve.associated_geometry);
REPEAT iz=1 TO n BY 1,
surfs :=surfs + associated_surface(c\surface_curve.
associated_geometry[i]);
END>REPEAT,;
ENDIF;
END/ IF;
IF 'SHEET_METAL.COMPOSITE_CURVE_ON_SURFACE' IN TYPEOF(c) THEN
n := SIZEOF(c\composite_curve_on_surface.segments);
surfs := get_basis_surface(c\composite_curve_on_surface.segments[1].
parent_curve);
IFn>1THEN
REPEAT i:=2TO n BY 1,
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surfs := surfs * get_basis_surface(c\composite_curve_on_surface.
segments]i].parent_curve);
END_REPEAT;
END_IF;
END_IF;
RETURN(surfs);
END_FUNCTION; -- get_basis_surface

FUNCTION item_in_context(
item: representation_item;
cntxt: representation_context
: BOOLEAN;
DCAL
- INTEGER;
y : BAG OF representation_item;
ND_LOCAL;
F SIZEOF(USEDIN(item,'SHEET_METAL.REPRESENTATION.ITEMS') * cntxt:
representations_in_context) > 0 THEN
RETURN(TRUE);
LSE
y .= QUERY ( z <* USEDIN(item,") | (
'SHEET_METAL.REPRESENTATION_ITEM' IN TYPEOF(2)) ¥;
F SIZEOF(y) > 0 THEN
REPEAT i := 1 TO HIINDEX(y) BY 1;
IF item_in_context(y[i],cntxt) THEN
RETURN(TRUE);
END_IF;
END_REPEAT,;
END_IF;
END_IF;
RETURN(FALSE);
END_FUNCTION; -- item_in_context

—

E=al|

M

FUNCTION leap_year(
year: year_number
: BOOLEAN;
K (((year MOD 4) = 0) AND ((year MOD 100) <> 0)) OR ((year MOD 400) =
0) THEN

RETURN(TRUE);
SE

M
=

RETURN(FALSE);
ND_IF;
END_FUNCTION;~1eap_year

M

FUNCTION list_face_loops(
f: face

: LIST{0:?] OF loop;
DCAL
00ps.:' LIST [0:?] OF loop :=[];
ND) LOCAL;

REPEAT i1 := 1 TO SIZEOF(f.bounds) BY 1,

loops := loops + f.bounds]i].bound;

END_REPEAT,;

RETURN(loops);
END_FUNCTION; -- list_face_loops

—

M
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FUNCTION list_of _topology_reversed(
a_list: list_of reversible_topology item
): list_of_reversible_topology_item;
LOCAL
the_reverse : list_of reversible_topology_item;
END_LOCAL;
the reverse :=];

©I1SO

PEAT 1:=1 TO SIZEOF(a_list) BY 1;
he_reverse := topology_reversed(a_list[i]) + the_reverse;
ND_REPEAT,;
ETURN(the_reverse);
END_FUNCTION; -- list_of topology_reversed

FUNCTION list_to_array(
lis: LIST [0:?] OF GENERIC:t;
low, u: INTEGER
: ARRAY [low:u] OF GENERIC:t;
DCAL
N : INTEGER;
'es : ARRAY [low:u] OF GENERIC:t;
ND_LOCAL;
:= SIZEOF(lis);
n <> ((u - low) + 1) THEN
RETURN(?);
SE

M= Mm —
=

REPEAT i:=1TO nBY 1,
res[(low + i) - 1] := lig]i];

FND_REPEAT,;

RETURN(res);

ND_IF;

END_FUNCTION; -- list_to_array

M

FUNCTION list_to_set(
I: LIST [0:?] OF GENERIC:t

: SET OF GENERIC:t;
DCAL
5 . SET OF GENERIC:t :=[];
ND_LOCAL;
EPEAT i := 1 TO SIZEOK(I)BY 1;

=s+[;
ND_REPEAT;
ETURN(s);
END_FUNCTION;~-1ist_to_set

m__r—

FUNCTION make array_of_array(
lis: KIST [1:?] OF LIST [1:7] OF GENERIC:t;
lowdvul, low2, u2: INTEGER

: ARRAY [lowl:ul] OF ARRAY [low2:u2] OF GENERIC:t;

LOCAL
22 INTEGER,;
nl :INTEGER;

res : ARRAY [low1:ul] OF ARRAY [low2:u2] OF GENERIC:t;
resl : LIST [1:?7] OF ARRAY [low2:u2] OF GENERIC:t;
END_LOCAL;
nl := SIZEOF(lis);
n2 := SIZEOF(lis[1]);
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IF (n1 <> ((ul - lowl) + 1)) AND (n2 <> ((u2 - low2) + 1)) THEN
RETURN(?);
END_IF;
REPEAT i:=1TO nl1BY 1;
IF SIZEOF(lis[i]) <> n2 THEN
RETURN(?);
END_IF;
ND_REPEAT,;
EPEATIi:=1TOnl1BY 1;
esl[i] := list_to_array(lis[i],low2,u2);
ND_REPEAT,;
res := list_to_array(resl,lowl,ul);
ETURN(res);
END_FUNCTION; -- make_array_of array

FUNCTION mixed_loop_type set(
I: SET [0:?] OF loop

: LOGICAL;

LPCAL
. INTEGER;

boly loop_type : LOGICAL,;
BEIND_LOCAL;
IF SIZEOF(l) <= 1 THEN

RETURN(FALSE);
END_IF;
pply_loop_type := 'SHEET_METAL.POLY_LOOP' IN TYREOF(I[1]);

EPEAT i :=2 TO SIZEOF(l) BY 1;
F (SHEET_METAL.POLY_LOOP' IN TYPEOF(I[i])) <> poly_loop_type THEN
RETURN(TRUE);
ND_IF;
ND_REPEAT,;
ETURN(FALSE);
END_FUNCTION; -- mixed_loop_type_-set

FUNCTION msb_shells(
brep: manifold_solid_brep;
schema_name: STRING
: SET [1:?] OF closed_shelt;
F (schema_name + .BREP“WITH_VOIDS') IN TYPEOF(brep) THEN
RETURN(brep\brep ~with_voids.voids + brep.outer);
SE

m =
=

RETURN([brep,euter]);
D_IF;

M
Z

END_FUNCTION: -- msb_shells

FUNCTION:wnormalise(
arg: vector_or_direction

: vector_or_direction;
LDCAL

ndim :INTEGER,;

v :direction;

vec :vector;

mag : REAL;

result : vector_or_direction;
END_LOCAL;
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IF NOT EXISTS(arg) THEN
result := ?;
ELSE
ndim := arg.dim;
IF 'SHEET_METAL.VECTOR' IN TYPEOF(arg) THEN
BEGIN
Vec = arg;
vV ;= arg.orientafion;
IF arg.magnitude = 0 THEN
RETURN(?);
ELSE
vec.maghnitude := 1;
END_IF;
END;
ELSE
V= arg;
END_IF;
mag = 0;
REPEAT i:=1 TO ndim BY 1,
mag := mag + (v.direction_ratios[i] * v.direction_ratios]i]);
END_REPEAT,
F mag >0 THEN
mag := SQRT(mag);
REPEAT i:=1 TO ndim BY 1,
v.direction_ratios[i] := v.direction_ratios[i] / mag;
END_REPEAT,
IF 'SHEET_METAL.VECTOR' IN TYPEOF(arg) THEN
vec.orientation = v;

result := vec;
ELSE
result :=v;
END _IF;
ELSE
RETURN(?);
END_IF;
END_IF;
RETURN(result);

END_FUNCTION; -- normalise

FUNCTION orthogonal_cemplement(
vec: direction

: direction;

DCAL

fesult : directions;

ND_LOCAL;

K (vec.dinr<> 2) OR (NOT EXISTS(vec)) THEN
RETURN(?);
SE

—

E=al|

M
=

result.direction_ratios[1] := -vec.direction_ratios[2];
fesult.direction ratios[2?] := vec.direction ratios[1];
RETURN(result);

END_IF;

END_FUNCTION; -- orthogonal_complement

FUNCTION path_head_to_tail(
a_path: path
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): LOGICAL;
LOCAL
n: INTEGER,;
p : BOOLEAN := TRUE;
END_LOCAL;
n := SIZEOF(a_path.edge_list);
REPEAT i:=2TOnBY 1,
= p AND (a_path.edge_Iisi[i - 1].edge_end =. a_path.edge_Tist[I]
.edge_start);
ND_REPEAT,;
ETURN(p);
END_FUNCTION; -- path_head_to _tail

FUNCTION path_reversed(
a_path: path
: path;
LPCAL
he_reverse : path;
ND_LOCAL;
f 'SHEET_METAL.ORIENTED_PATH' IN TYPEOF(a_path) THEN
he_reverse := oriented_path(a_path\oriented_path.path_element,NOT
a_path\oriented_path.orientation);

E=al|

BLSE

he_reverse := oriented_path(a_path,FALSE);
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- path_reversed

FUNCTION product_type of product(
prod: product;
types: SET [1:?] OF product_type
: product_type;
REPEAT i := 1 TO HIINDEX(types) BY 1;
F prod IN types[i]\product_related_praduct_category.products THEN
RETURN(typesli]);
END_IF;

ND_REPEAT:
END_FUNCTION; -- product_type” of product

M

FUNCTION scalar_timesvector(
scalar: REAL;
vec: vector_onr éirection
: vector;
DCAL
iy directian;
mag : REAL;
[esult :vector;
ND _'OCAL,;
F (NOT EXISTS(scalar)) OR (NOT EXISTS(vec)) THEN
[esult := ?;
ELSE
IF 'SHEET_METAL.VECTOR' IN TYPEOF(vec) THEN
V := vec.orientation;
mag := scalar * vec.magnitude;
ELSE
V = Vec;

—

E=al|
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mag := scalar;
END_IF;
IF mag < 0 THEN
REPEAT i := 1 TO SIZEOF(v.direction_ratios) BY 1;
v.direction_ratios][i] := -v.direction_ratios[i];
END_REPEAT,;
mag := -mag;

©I1SO

ND_TF,
esult.orientation := normalise(v);
esult. magnitude := mag;

ND_IF;
ETURN(result);
END_FUNCTION; -- scalar_times_vector

FUNCTION second_proj_axis(
Z_axis, x_axis, arg: direction
: direction;
LPCAL
emp :vector;
V' direction;
y _axis : vector,;
ND_LOCAL;
F NOT EXISTS(arg) THEN
/ = direction([0,1,0]);
LSE
V= arg;
ND_IF;
mp := scalar_times_vector(dot_product(v,z_axis),z<axis);
| axis := vector_difference(v,temp);
mp := scalar_times_vector(dot_product(v,x_axis),x_axis);
| axis := vector_difference(y_axis,temp);
| axis := normalise(y_axis);
ETURN(y_axis.orientation);
END_FUNCTION; -- second_proj_axis

E=al|

M
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FUNCTION set_of topology_reversed(
a_set: set_of reversible_tepology_item
: set_of_reversible_topology-item;
LPCAL
he_reverse : set_of reversible_topology_item;
ND_LOCAL;
le_reverse :=];
EPEAT i := 1 TO.SIZEOF(a_set) BY 1,
he_reverse :=the_reverse + topology_reversed(a_set[i]);
ND_REPEAT
ETURN(the‘reverse);
END_FUNCHMON; -- set_of _topology_reversed

M

—

FUNCTION sheet_metal date correlation(
e: sheet metal date assignment

): BOOLEAN;
LOCAL
dt_role : label;
END_LOCAL;
dt_role := e\date_assignment.role.name;
CASE dt_role OF
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‘creation’ : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | (SIZEOF('SHEET_METAL.' +
'PRODUCT_DEFINITION','SHEET_METAL.PROCESS_PLAN'] * TYPEOF(x)) =
1) )) THEN
RETURN(FALSE);
END_IF;
'revision' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x<*e.atems | ((SHEET_METAL." + 'PRODUCT_DEFINITION’)
IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
review' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ((SHEET_METAL.' + 'PROCESS_PLAN") IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
production year' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <*e.items | ((SHEET_METAL.' + 'PRODUCT_CONCEPT/"IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
completion' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED{ACTION') IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
order' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED_ACTION') IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
preliminary review' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED_ACTION') IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
start' : IF SIZEOFE(e.items) <> SIZEOF(
QUERY (x <* e.items | (‘(SHEET_METAL.' + 'EXECUTED_ACTION") IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
request’ : IF SIZEOF(e.items) <> SIZEOF(
QUERY ( x <*elitems | ((SHEET_METAL." +
'VERSIONED’ ACTION_REQUEST") IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
DTHERWISE : RETURN(TRUE);
END \CASE;
END-FUNCTION; -- sheet_metal_date_correlation

FUNCTION sheet_metal_document_correlation(
e: sheet_metal_document_reference
): BOOLEAN;
LOCAL
doc_type : label;
END_LOCAL;
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doc_type := e\document_reference.assigned_document.kind.
product_data_type;
CASE doc_type OF
'die layout' : IF SIZEOF(e.items) <>
SIZEOF(QUERY ( X <* e.items | ((SHEET_METAL.' +
'PRODUCT_DEFINITIONY) IN TYPEOF(x)) )) THEN
RETURN(FALSE);

©I1SO

END _IF;
die structure' : IF SIZEOF(e.items) <>
SIZEOF(QUERY ( X <* e.items | ((SHEET_METAL.' +
'PRODUCT_DEFINITIONY) IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
pattern casting' : IF SIZEOF(e.items) <>
SIZEOF(QUERY ( x <* e.items | (‘(SHEET_METAL.' +
'PRODUCT_DEFINITIONY) IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
press' : IF SIZEOF(e.items) <>
SIZEOF(QUERY ( x <* e.items | ('SHEET_METAL." +
'PRODUCT_DEFINITIONY) IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
generating system information’ : IF SIZEOF(e.items) <%
SIZEOF(QUERY ( x <* e.items | (‘(SHEET_METAL.' +'PROCESS_PLAN')
IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
applicable standards' : IF SIZEOF(e.items) <>
SIZEOF(QUERY ( x <* e.items | (‘(SHEET._METAL.' +
'EXECUTED_ACTION) IN TYPEOF(x)) DAFHEN
RETURN(FALSE);
END_IF;
DTHERWISE : RETURN(TRUE);
EFND_CASE;
END_ FUNCTION; -- sheet_metal _document_correlation

FUNCTION sheet_metal_organization_correlation(
e: sheet_metal_organization_assignment

: BOOLEAN;
LPCAL
D _role : label,
BEND_LOCAL;
o role := e\orgafiization_assignment.role.name;
JASE o_role;.OF
design supplier' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ((SHEET_METAL.' + 'PRODUCT_DEFINITION")
INCFYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
implementor’ : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED_ACTION') IN
TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
'supplier' : IF SIZEOF(e.items) <> SIZEOF(
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QUERY (X <* e.items | (SIZEOF(I'SHEET_METAL." + 'CONTRACT,,
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'SHEET_METAL.' + 'EXECUTED_ACTION * TYPEOF(x)) = 1) )) THEN

RETURN(FALSE);
END_IF;
‘order source' IF SIZEOF(e.items) <> SIZEOF(

QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED_ACTION') IN

TYPEOF(x)) )) THEN

RETURN(FALSE);
END_IF;
effector’ : IF SIZEOF(e.items) <> SIZEOF(

TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
DTHERWISE : RETURN(TRUE);
END_CASE;
END_FUNCTION; -- sheet_metal_organization_correlation

FUNCTION sheet_metal_person_and_organization_correlation(
e: sheet_metal_person_and_organization_assignment

: BOOLEAN;

DCAL

h_org_role : label;

ND_LOCAL;

| org_role := e\person_and_organization_assignment.role.name;

ASE p_org_role OF

data owner" : IF SIZEOF(e.items) <> SIZEOF(QUERY (x <* e
items | (SIZEOF(['SHEET_METAL.' + 'PRODUGT.® DEFINITION'
'SHEET_METAL.PROCESS_PLANY * TYPEQF(X)) = 1) )) THEN

oo m

END_FUNCTION;-/ sheet_metal_person_and_organization_correlation

FUNCTION¢sheet_metal_person_correlation(
eisheet_metal_person_assignment

: BOOLEAN,;

LPCAL

D “tole : label;

QUERY (x <* e.items | ('SHEET_METAL.' + 'EXECUTED_ACTION') IN

RETURN(FALSE);
END_IF;
planner' IF SIZEOF(e.items) <> SIZEOF(QUERY (x <* e.
items | ((SHEET_METAL.' + 'PROCESS_PLAN’) IN TYPEOF(x)) ))
THEN
RETURN(FALSE);
END_IF;
implementor’ : IF SIZEQF(e.items) <> SIZEOF(QUERY (x <* e
tems | ((SHEET_METAL+ 'EXECUTED_ACTION') IN TYPEOF(x)) ))
THEN
RETURN(FALSE);
END_IF;
DTHERWISE : RETURN(TRUE);
EFND_CASE;

END_LOCAL;
p_role := e\person_assignment.role.name;
CASE p_role OF
'designer’ IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <*
e.items | ((SHEET_METAL.' + 'PRODUCT_DEFINITION')
IN TYPEOF(x)) ))
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THEN
RETURN(FALSE);
END_IF;
‘implementor’ : IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <*
e.items | ((SHEET_METAL.' + 'EXECUTED_ACTION') IN TYPEOF(x)) ))
THEN
RETURN(FALSE);
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END_IF;
purchaser' IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <*
e.items | ((SHEET_METAL.' + 'CONTRACT") IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
work requestor' : IF SIZEOF(e.items) <> SIZEOF(
QUERY (x <* e.items | ((SHEET_METAL."' +
'VERSIONED_ACTION_REQUEST") IN TYPEOF(x)) )) THEN
RETURN(FALSE);
END_IF;
DTHERWISE : RETURN(TRUE);
EFND_CASE;
END_FUNCTION; -- sheet_metal_person_correlation

FUNCTION shell_reversed(
a_shell: shell
: shell;
DCAL
he reverse : shell;
ND_LOCAL;
f 'SHEET_METAL.ORIENTED_OPEN_SHELL' IN TYPEOF(a_shell) THEN
he_reverse := oriented_open_shell(a_shell\oriented _open_shell.
open_shell_element,NOT a_shell\oriented_.open_shell.orientation);
LSE
F 'SHEET_METAL.OPEN_SHELL' IN TYREOF(a_shell) THEN
the_reverse := oriented_open_shell(a. shell, FALSE);
ELSE
IF 'SHEET _METAL.ORIENTED_CLOSED_SHELL' IN TYPEOF(a_shell) THEN
the_reverse := oriented_closed_shell(a_shell\
oriented_closed_shell.closed” shell_element,NOT a_shell\
oriented_closed_shell.orientation);
ELSE
IF 'SHEET _METAL.,CLOSED_SHELL' IN TYPEOF(a_shell) THEN
the_reverse := oriented_closed_shell(a_shell,FALSE);
ELSE
the_reverse =2,
END_IF;
END_IF;
END _IF;
END_IF;
RETURN(the_reverse);
END-FUNCTION; -- shell_reversed

—

E=al|

M

FUNCTION surface_weights_positive(
b: rational_b_spline_surface
): BOOLEAN;
LOCAL
result : BOOLEAN := TRUE;
END_LOCAL;
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REPEAT i:= 0 TO b.u_upper BY 1;
REPEAT j:=0TO b.v_upper BY 1;
IF b.weights][i][j] <= 0 THEN
result := FALSE;
RETURN(resuIt);
END _IF;
END_ REPEAT,;

an_item: reversible_topology
: reversible_topology;
'SHEET_METAL.EDGE' IN TYPEOF(an_item) THEN
ETURN(edge_reversed(an_item));
ND_IF;
'SHEET_METAL.PATH' IN TYPEOF(an_item) THEN
ETURN(path_reversed(an_item));
ND_IF;
'SHEET_METAL.FACE_BOUND' IN TYPEOF(an_item) THEN
ETURN(face_bound_reversed(an_item));
ND_IF;
'SHEET_METAL.FACE' IN TYPEOF(an_item) THEN
ETURN(face_reversed(an_item));
ND_IF;
'SHEET_METAL.SHELL' IN TYPEOF(an_item) THEN
ETURN(shell_reversed(an_item));
ND_IF;
'SET' IN TYPEOF(an_item) THEN
ETURN(set_of_topology reversed(an_item)),
ND_IF;
'LIST' IN TYPEOF(an_item) THEN
ETURN(list_of_topology_reversed(an item));
ND_IF;
ETURN(?);
END_FUNCTION; -- topology_reversed

FUNCTION using_representations(
item: representatien_-item
: SET OF representation;
DCAL
results : SEDOF representation;
! INTEGER;

ntermediate.jtems : SET OF representation_item;
result_bag : BAG OF representation;
END_LQCAL;
rgsult_bag := USEDIN(item,'SHEET_METAL.REPRESENTATION.ITEMS");
If SIZEOF(result_bag) > 0 THEN
REPEAT i := 1 TO HIINDEX(result_bag) BY 1;

results := results + result_bag]i];

END_REPEAT,;
END_IF;
intermediate_items := QUERY ( z <* bag_to_set(USEDIN(item,")) | (

'SHEET_METAL.REPRESENTATION_ITEM' IN TYPEOF(2)) );

IF SIZEOF(intermediate_items) > 0 THEN

—
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REPEAT i := 1 TO HIINDEX(intermediate_items) BY 1,
results := results + using_representations(intermediate_itemsi]);
END_REPEAT,;
END_IF;
RETURN(results);
END_FUNCTION; -- using_representations

©I1SO

FUNCTION valid_calendar_date(
date: calendar_date
: LOGICAL;
F NOT ((1 <= date.day_component) AND (date.day_component <= 31))
THEN
RETURN(FALSE);
ND_IF;
IASE date.month_component OF
o RETURN((1 <= date.day_component) AND (date.day_component
<= 30));
RETURN((1 <= date.day_component) AND (date.day_component
<= 30));
D : RETURNY((1 <= date.day_component) AND (date.day_compeonent
<= 30));
11 : RETURN((1 <= date.day_component) AND (date.
day_component <= 30));
D BEGIN
IF leap_year(date.year _component) THEN
RETURN((1 <= date.day_component) AND (date.daycomponent <= 29));
ELSE
RETURN((1 <= date.day_component) AND (daté.day_component <= 28));
END_IF;
END;
DTHERWISE : RETURN(TRUE);
END_CASE;
END_ FUNCTION; -- valid_calendar_date

Om =

[92)

FUNCTION valid_geometrically _boupnded_wf_curve(
CIV: CUIVE;
schma: STRING
: BOOLEAN;
K SIZEOF([schma + ".POLYLINE',schma + '.B_SPLINE_CURVE',schma +
"ELLIPSE',schma + ",€IRCLE'] * TYPEOF(crv)) = 1 THEN
RETURN(TRUE);
LSE
F (schma + "TRIMMED_CURVE') IN TYPEOF(crv) THEN
IF SIZEOF([schma + '.LINE',schma + "PARABOLA',schma +
"HYPERBOLA'] * TYPEOF(crv\trimmed_curve.basis_curve)) = 1
THEN
RETURN(TRUE);
ELSE
RETURN(valid_geometrically_bounded_wf_curve(crv\trimmed_curve.
basis curve,schma));

M

END_IF;
ELSE
IF (schma + '.OFFSET_CURVE_3D") IN TYPEOF(crv) THEN
RETURN(valid_geometrically_bounded_wf_curve(crv\offset_curve_3d.
basis_curve,schma));
ELSE
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IF (schma + ".CURVE_REPLICA") IN TYPEOF(crv) THEN
RETURN(valid_geometrically_bounded_wf_curve(crv\curve_replica.
parent_curve,schma));
ELSE
IF (schma + .COMPOSITE_CURVE') IN TYPEOF(crv) THEN
RETURN(SIZEOF(QUERY ( ccs <* crv\composite_curve.segments |
(NOT valid_geometrically bounded wf curve(ccs.
parent_curve,schma)))) = 0);
END_IF;
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);
END_FUNCTION; -- valid_geometrically_bounded_wf _curve

FUNCTION valid_geometrically_bounded_wf_point(
pnt: point;
schma: STRING
: BOOLEAN;
f (schma + '.CARTESIAN_POINT") IN TYPEOF(pnt) THEN
RETURN(TRUE);
SE

m =
=

F (schma + ".POINT_ON_CURVE') IN TYPEOF(pnt) THEN
RETURN(valid_geometrically_bounded_wf_curve(pnt\point. on_curve.
basis_curve,schma));
ELSE
IF (schma + "POINT_REPLICA") IN TYPEOF(pnt)xTHEN
RETURN(valid_geometrically_bounded_wf_poifit(pnt\point_replica.
parent_pt,schma));
END_IF;
END_IF;
END_IF;
RETURN(FALSE);
END_FUNCTION; -- valid_geometrically:* bounded_wf_point
FUNCTION valid_time(
time: local_time
: BOOLEAN;
F EXISTS(time.second_cemponent) THEN
RETURN(EXISTS(time-minute_component));
LSE
RETURN(TRUE);
ND_IF;
END_FUNCTION;~ valid_time

Mm__M__=J

FUNCTIONwalid_units(
m;-easure_with_unit
: BOOLEAN;
F'SHEET_METAL.LENGTH_MEASURE' IN TYPEOF(m.value_component) THEN
Fderive dimensional exponents(m.unit_component) <>
dimensional_exponents(1,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'SHEET_METAL.MASS_MEASURE' IN TYPEOF(m.value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
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dimensional_exponents(0,1,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'SHEET_METAL.TIME_MEASURE' IN TYPEOF(m.value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,1,0,0,0,0) THEN
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RETURN(FALSE);

END_IF;

ND_IF;

f 'SHEET_METAL.ELECTRIC_CURRENT_MEASURE' IN TYPEOF(m.value_component)
THEN

F derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,1,0,0,0) THEN

RETURN(FALSE);

END_IF;

ND_IF;

f 'SHEET_METAL. THERMODYNAMIC_TEMPERATURE_MEASURE' INFYPEOF(m.

value_component) THEN

F derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,1,0,0) THEN

RETURN(FALSE);

END_IF;

ND_IF;

F'SHEET_METAL.AMOUNT_OF_SUBSTANCE_MEASURE' IN TYPEOF(m.

value_component) THEN

F derive_dimensional_exponents(m.unit_component)&>
dimensional_exponents(0,0,0,0,0,1,0) THEN

RETURN(FALSE);

END_IF;

ND_IF;

F 'SHEET_METAL.LUMINOUS_INTENSITY) MEASURE' IN TYPEOF(m.

value_component) THEN

F derive_dimensional_exponents(m:unit_component) <>
dimensional_exponents(0,0,0,0,0,0,1) THEN

RETURN(FALSE);

END_IF;

ND_IF;

f 'SHEET_METAL.PLANE: ANGLE_MEASURE' IN TYPEOF(m.value_component)
THEN

F derive_dimensional\exponents(m.unit_component) <>
dimensional_expenents(0,0,0,0,0,0,0) THEN

RETURN(FALSE);

END_IF;

ND_IF;

F 'SHEET/METAL.SOLID_ANGLE_MEASURE' IN TYPEOF(m.value_component)
THEN

F derive’_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN

RETURN(FALSE);

E=al|

E=al|
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END_IF;

END_IF;

IF 'SHEET_METAL.AREA_MEASURE' IN TYPEOF(m.value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(2,0,0,0,0,0,0) THEN

RETURN(FALSE);
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END_IF;
END_IF;
IF 'SHEET_METAL.VOLUME_MEASURE' IN TYPEOF(m.value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(3,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
D_IF,
f'SHEET_METAL.RATIO_MEASURE' IN TYPEOF(m.value_component) THEN
F derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
ND_IF;
f 'SHEET_METAL.POSITIVE_LENGTH_MEASURE' IN TYPEOF(m.value_comp@nent)
THEN
F derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(1,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
ND_IF;
f 'SHEET_METAL.POSITIVE_PLANE_ANGLE_MEASURE' IN RYPEOF(m.
value_component) THEN
F derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
RETURN(TRUE);
END_FUNCTION; -- valid_units

E=al|
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FUNCTION valid_wireframe_edge_curve(
CIV: CUIVE;
schma: STRING
: BOOLEAN;
F SIZEOF([schma + ".LINE',schma +".CIRCLE',schma + ".ELLIPSE',schma
+ " PARABOLA',schma + "HYRERBOLA',schma + '.B_SPLINE_CURVE',schma
+ "POLYLINE'] * TYPEOF(ctv)) = 1 THEN
RETURN(TRUE);
SE

M
=

F (schma + .CURVE ‘REPLICA") IN TYPEOF(crv) THEN
RETURN(valid_wiréframe_edge_curve(crv\curve_replica.parent_curve,
schma));
ELSE
IF (schma+%OFFSET_CURVE_3D") IN TYPEOF(crv) THEN
RETURN(valid_wireframe_edge_curve(crv\offset_curve_3d.
basiscurve,schma));
ENDDIF;
ENDIF;
END/ IF;
RETURN(FALSE);
END_FUNCTION; -- valid_wireframe_edge_curve

FUNCTION valid_wireframe_vertex_point(
pnt: point;
schma: STRING
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): BOOLEAN;
IF (schma + ".CARTESIAN_POINT") IN TYPEOF(pnt) THEN
RETURN(TRUE);
ELSE
IF (schma + ".POINT_REPLICA") IN TYPEOF(pnt) THEN
RETURN(valid_wireframe_vertex_point(pnt\point_replica.parent_pt,
schma));
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ND_IF,
él:\lD_lF;
ETURN(FALSE);
END_FUNCTION; -- valid_wireframe_vertex_point

FUNCTION vector_difference(
argl, arg2: vector_or_direction

: vector;
LOCAL

hdim : INTEGER,;
mag2 : REAL;
magl : REAL;
mag : REAL;

res : direction;
vecl : direction;
vec?2 : direction;
result : vector;

END_LOCAL;
IF (NOT EXISTS(argl)) OR (NOT EXISTS(arg2)) OR (arg2.dim <> arg2.dim)
THEN
fesult .= ?;
HLSE
BEGIN
IF 'SHEET_METAL.VECTOR' IN TYPEOF(argl) THEN
magl := argl.magnitude;
vecl := argl.orientation;
ELSE
magl :=1;
vecl := argl;
END_IF;
IF 'SHEET_METAL.VECTOR'IN TYPEOF(arg2) THEN
mag?2 := arg2.magnitude;
vec2 := arg2.orientation;
ELSE
mag2 :=1;
vec2 ;= argz;
END_IF;

vecl := normalise(vecl);
vec?2 := niormalise(vec?2);
ndim :=-SIZEOF(vecl.direction_ratios);
mag\;=0;
REREAT i := 1 TO ndim BY 1;
tes.direction ratios[i] := (magl * vecl.direction ratios]i]) - (

mag?2 * vec2.direction_ratiosi]);
mag := mag + (res.direction_ratios][i] * res.direction_ratios]i]);
END_REPEAT,;
IF mag >0 THEN
result. magnitude := SQRT(mag);
result.orientation := res;
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ELSE
result. magnitude := 0;
result.orientation := vecl;
END _IF;
END;
END _IF;
RETURN(result);

ISO 10303-207:1999(E)

END_FUNCTION; -- vector_difference
END SCHEMA, -- sheet_metal

(*
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Annex B
(normative)

AIM short names

©I1SO

TabJe B.T provides the short names of entities speciied i the AIM of this part of 1ISO 10303. Requirg

use|of the short names are found in the implementation methods included in 1ISO 10303.

Table B.1 - AIM short names of entities

bments on the

Long Name Short Name
AXIS2_PLACEMENT_2D A2PL2D
AXIS2_PLACEMENT_3D A2PL3D
ADVANCED_BREP_SHAPE_REPRESENTATION ABSR
ACTION_METHOD_RELATIONSHIP ACMTRL
ACTION_PROPERTY_REPRESENTATION ACPRRP
ACTION_REQUEST SOLUTION ACRQSL
ACTION_RESOURCE_REQUIREMENT ACRSRQ
ACTION_RESOURCE_TYPE ACRSTY
ACTION_ASSIGNMENT, ACTASS
ACTION_DIRECTIVE ACTDRC
ACTION ACTION
ACTION\METHOD ACTMTH
ACTION_PROPERTY ACTPRP
ACTION_RELATIONSHIP ACTRLT
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Table B.1 - AIM short names of entities (continued)

Long name Short name
APTIOI\I_DFQQI IRCE ACTRSR
ASSEMBLY_COMPONENT_USAGE_SUBSTITUTE ACUS
ADVANCED_FACE ADVEC
ACTION_METHOD_WITH_ASSOCIATED_DOCUMENTS AMWAD
ANGULAR_LOCATION ANGLCT
APPLICATION_CONTEXT_ELEMENT APCNEL
APPROVAL_DATE_TIME APDTTM
APPROVAL_ASSIGNMENT APPASS
APPLICATION_CONTEXT APPCNT
APPLICATION_PROTOCOL_DEFINITION APPRDF
APPROVAL_ROLE APPRL
APPROVAL_PERSON_ORGANIZATION APPROR
APPROVAL APPRVL
APPROVAL_STATOS APPSTT
ASSEMBLY,COMPONENT_USAGE ASCMUS
AXIS1 PLACEMENT AX1PLC
BOOLEAN_RESULT BLNRSL
BLOCK BLOCK
BOUNDARY_CURVE BNDCR
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Table B.1 - AIM short names of entities (continued)
Long name Short name
BQI II\IDFD_PI IRVVE BNDCR\/
BOUNDED_SURFACE BNDSRE
BREP_WITH_VOIDS BRWTVD
B_SPLINE_CURVE_WITH_KNOTS BSCWK
B_SPLINE_CURVE BSPCR
B_SPLINE_SURFACE BSPSR
B_SPLINE_SURFACE_WITH_KNOTS BSSWK
BOX_DOMAIN BXDMN
BOXED_HALF_SPACE BXHLSP
BEZIER_CURVE BZRCRV
BEZIER_SURFACE BZRSRF
COMPOSITE_CURVE_ON_SURFACE CCcoSs
CHANGE_ORDER CHNORD
CIRCLE CIRCLE
CALENDARADATE CLNDT
CLOSED.SHELL CLSSHL
COMPOSITE_CURVE_SEGMENT CMCRSG
COMPOSITE_CURVE CMPCRV
CONVERSION_BASED_UNIT CNBSUN

362


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO

Table B.1 - AIM short names of entities (continued)

ISO 10303-207:1999(E)

Long name Short name
CONICAL_SUREACE CNCSRE
CONTEXT_DEPENDENT_UNIT CNDPUN
CONNECTED_EDGE_SET CNEDST
CONNECTED_FACE_SET CNFCST
CONFIGURATION_DESIGN CNFDSG
CONFIGURATION_ITEM CNFITM
CONTRACT_ASSIGNMENT CNTASS
CONTRACT CNTRCT
CONTRACT_TYPE CNTTYP
CONIC CONIC
CURVE_BOUNDED_SURFACE CRBNSR
CARTESIAN_POINT CRTPNT
CARTESIAN_TRANSFORMATION_OPERATOR CRTROP
CURVE_REPLICA CRVRPL
CSG_SOLID CSGSLD
CSG_SHAPE_REPRESENTATION CSSHRP
CARTESIAN_TRANSFORMATION_OPERATOR_3D CTO3
CURVE CURVE
COORDINATED_UNIVERSAL_TIME_OFFSET CUTO
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Table B.1 - AIM short names of entities (continued)
Long name Short name
CYLINDRICAIL _Ql IREACE CYLSRE
DATE_AND_TIME_ASSIGNMENT DATA
DATE DATE
DATUM DATUM
DOCUMENT DCMNT
DOCUMENT_REFERENCE DCMRFR
DOCUMENT_TYPE DCMTYP
DIE_DEFINITION_CONSTRAINT_RELATIONSHIP DDCR
DIE_DEFINITION_CONSTRAINT_SUBSTITUTE DDCS
DEFINITIONAL_REPRESENTATION DFNRPR
DEGENERATE_PCURVE DGNPCR
DEGENERATE_TOROIDAL_SURFACE DGTRSR
DIMENSIONAL_LOCATION/ WITH_PATH DLWP
DIMENSIONAL_CHARACTERISTIC_REPRESENTATION DMCHRP
DIMENSIONAL/EXPONENTS DMNEXP
DIMENSIONAL _LOCATION DMNLCT
DIMENSIONAL_SIZE DMNSZ
DIRECTED_ACTION DRCACT
DIRECTION DRCTN
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Table B.1 - AIM short names of entities (continued)

Long name Short name
DERIVED _UNIT _ELEMENT DRUNE!
DERIVED_UNIT DRVUNT
DATE_AND_TIME DTANTM
DATE_ASSIGNMENT DTASS
DATED_EFFECTIVITY DTDEFF
DATUM_REFERENCE DTMRFR
DATUM_TARGET DTMTRG
DATE_ROLE DTRL
DATE_TIME_ROLE DTTMRL
EDGE_BASED_ WIREFRAME_MODEL EBWM
EDGE_BASED_ WIREFRAME_SHAPE-REPRESENTATION EBWSR
EDGE_CURVE EDGCRV
EDGE EDGE
EDGE_LOOP EDGLP
EFFECTIVITY EFFCTV
ELLIPSE ELLPS
ELEMENTARY_SURFACE ELMSRF
EVALUATED DEGENERATE_PCURVE EVDGPC
EXTRUDED_AREA_SOLID EXARSL
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Table B.1 - AIM short names of entities (continued)
Long name Short name
EXECI ITFD_APTIOI\I EXCACT
FACE FACE
FACETED_BREP_SHAPE_REPRESENTATION FBSR
FACE_BOUND FCBND
FACE_OUTER_BOUND FCOTBN
FACE_SURFACE FCSRF
FACETED_BREP FCTBR
FUNCTIONALLY_DEFINED_TRANSFORMATION FNDFTR
GEOMETRICALLY_BOUNDED_SURFACE_SHAPE REPRESENTATION GBSSR
GEOMETRICALLY_BOUNDED_WIREFRAME_SHAPE_REPRESENTATION GBWSR
GLOBAL_UNCERTAINTY_ASSIGNED-CONTEXT GC
GEOMETRIC_CURVE_SET GMCRST
GEOMETRIC_REPRESENTATION_CONTEXT GMRPCN
GEOMETRIC_RERRESENTATION_ITEM GMRPIT
GEOMETRIEG), SET GMTST
GEOMETRIC_TOLERANCE GMTTLR
GEOMETRIC_TOLERANCE_WITH_DATUM_REFERENCE GTWDR
HALF_SPACE_SOLID HLSPSL
HYPERBOLA HYPRBL
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Table B.1 - AIM short names of entities (continued)

ISO 10303-207:1999(E)

Long name Short name
INPI lT_ITFI\/I_nIF_DFI ATIONSHIP HDR
INTERSECTION_CURVE INTCRV
ITEM_DEFINED_TRANSFORMATION ITDETR
LOCAL_TIME DCLTM
LINE LINE
LIMITS_AND_FITS LMANFT
LENGTH_MEASURE_WITH_UNIT LMWU
LENGTH_UNIT LNGUNT
LOOP LOOP
MODIFIED_GEOMETRIC_TOLERANCE MDGMTL
MAKE_FROM_USAGE_OPTION MFUO
MANIFOLD_SOLID_BREP MNSLBR
MAPPED_ITEM MPPITM
MEASURE_REPRESENTATION_ITEM MSRPIT
MANIFOLD_SURFACE_SHAPE_REPRESENTATION MSSR
MEASURE_ WITH_UNIT MSWTUN
MATERIAL_PROPERTY MTRPRP
NAMED_UNIT NMDUNT
OFFSET_CURVE_3D OFCR3D
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Table B.1 - AIM short names of entities (continued)
Long name Short name
OI:I:QIZT_QI IREACE QFEESRE
OPEN_SHELL OPNSHL
ORIENTED_CLOSED_SHELL ORCLSH
ORDINAL_DATE ORDDT
ORGANIZATION_ASSIGNMENT ORGASS
ORGANIZATION ORGNZT
ORGANIZATION_ROLE ORGRL
ORIENTED_EDGE ORNEDG
ORIENTED_FACE ORNFC
ORIENTED_PATH ORNPTH
ORIENTED_OPEN_SHELL OROPSH
OUTER_BOUNDARY_CURVE OTBNCR
PLANE_ANGLE_MEASURE WITH_UNIT PAMWU
PERSON_AND_QORGANIZATION_ASSIGNMENT PAOA
PERSON_AND/ORGANIZATION_ROLE PAOR
PATH PATH
PCURVE PCURVE
PRODUCT_DEFINITION_FORMATION_WITH_SPECIFIED_SOURCE PDFWSS
PRODUCT_DEFINITION_WITH_ASSOCIATED DOCUMENTS PDWAD
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Table B.1 - AIM short names of entities (continued)

ISO 10303-207:1999(E)

Long name Short name
PERSON PERSON
PLANE PLANE
PLANE_ANGLE_UNIT PLANUN
PLACEMENT PLCMNT
PLUS_MINUS_TOLERANCE PLMNTL
POLYLINE PLYLN
POLY_LOOP PLYLP
PHYSICALLY_MODELLED_PRODUCT_DEFINITION PMPD
POINT_ON_CURVE PNONCR
POINT_ON_SURFACE PNONSR
POINT_REPLICA PNTRPL
POINT POINT
PERSON_AND_ORGANZATION PRANOR
PARABOLA PRBL
PRODUCT_EONCEPT_CONTEXT PRCNCN
PROCESS_PLAN PRCPLN
PRODUCT_CATEGORY_RELATIONSHIP PRCTRL
PRODUCT_CONCEPT PRDCNC
PRODUCT_CONTEXT PRDCNT
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Table B.1 - AIM short names of entities (continued)
Long name Short name

PRODUCT PRDCT
PRODUCT_CATEGORY PRDCTG
PRODUCT_DEFINITION PRDDFN
PRODUCT_DEFINITION_CONTEXT PRDFCN
PRODUCT_DEFINITION_EFFECTIVITY PRDFEF
PRODUCT_DEFINITION_FORMATION PRDFFR
PRODUCT_DEFINITION_PROCESS PRDFPR
PRODUCT_DEFINITION_RELATIONSHIP PRDFRL
PROPERTY_DEFINITION_REPRESENTATION PRDFRP
PRODUCT_DEFINITION_SUBSTITUTE PRDFSB
PRODUCT_DEFINITION_SHAPE PRDFSH
PRODUCT_DEFINITION_USAGE PRDFUS
PRODUCT_TYPE PRDTYP
PRODUCT_RELATED PRODUCT_CATEGORY PRPC
PROPERTY/DEFINITION PRPDFN
PROCESS PRODUCT_ASSOCIATION PRPRAS
PARAMETRIC_REPRESENTATION_CONTEXT PRRPCN
PERSON_ASSIGNMENT PRSASS
PERSON_ROLE PRSRL
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Table B.1 - AIM short names of entities (continued)

Long name Short name
DDOI\/IIQQ(')DV_I IQA(?.F_(')(“(“I JRRENCE PRIUSQC
QUANTIFIED_ASSEMBLY_COMPONENT_USAGE QACU
QUASI_UNIFORM_CURVE QSUNCR
QUASI_UNIFORM_SURFACE QSUNSR
RATIONAL_B_SPLINE_CURVE RBSC
RATIONAL_B_SPLINE_SURFACE RBSS
RECTANGULAR_COMPOSITE_SURFACE RCCMSR
REPARAMETRISED_COMPOSITE_CURVE_SEGMENT RCCS
RECTANGULAR_TRIMMED_SURFACE RCTRSR
REQUIREMENT_FOR_ACTION_RESOURCE RFAR
RIGHT _ANGULAR_ WEDGE RGANWD
RIGHT_CIRCULAR_CONE RGCRCN
RIGHT_CIRCULAR_CYHNDER RGCRCY
REPLACEMENT _RE[ATIONSHIP RPLRLT
REPRESENTATION_CONTEXT RPRCNT
REPRESENTATION_ITEM RPRITM
REPRESENTATION_MAP RPRMP
REPRESENTATION_RELATIONSHIP RPRRLT
REPRESENTATION RPRSNT
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Table B.1 - AIM short names of entities (continued)
Long name Short name
DFDDFQFI\ITATI(’)N_DFI ATIOI\IQHID_\I\IITH_TDAI\IQIZHDI\/IATI(')I\I RR\WT
RESOURCE_PROPERTY_REPRESENTATION RSPRRPR,
RESOURCE_PROPERTY RSRPRP
REVOLVED_AREA SOLID RVARSL
SHELL BASED_ SURFACE_MODEL SBSM
SHELL BASED WIREFRAME_MODEL SBWM
SHELL BASED_ WIREFRAME_SHAPE_REPRESENTATION SBWSR
SECURITY_CLASSIFICATION_ASSIGNMENT SCCLAS
SECURITY_CLASSIFICATION_LEVEL SCCLLV
SECURITY_CLASSIFICATION SCRCLS
SHAPE_ASPECT_RELATIONSHIP SHASRL
SHAPE_DEFINITION_REPRESENTATION SHDFRP
SHAPE_DIMENSION_REPRPRESENTATION SHDMRP
SHAPE_ASPECT SHPASP
SHAPE_REPRESENTATION SHPRPR
SHAPE.REPRESENTATION_RELATIONSHIP SHRPRL
SURFACE_OF_LINEAR_EXTRUSION SL
SOLID_MODEL SLDMDL
SOLID_REPLICA SLDRPL
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Table B.1 - AIM short names of entities (continued)

Long name Short name
QHFFT_I\/IFTAI _ADDD(’)\/AI _AQQI(T.I\II\/IFI\IT SM
SHEET_METAL_ACTION ASSIGNMENT SMAA
SHEET_METAL_CONTRACTASSIGNMENT SMCA
SEAM_CURVE SMCRV
SHEET_METAL_DATE ASSIGNMENT SMDA
SHEET_METAL_DATE AND_TIME_ASSIGNMENT SMDATA
SHEET_METAL_DOCUMENT_REFERENCE SMDR
SHEET_METAL_ORGANIZATION_ASSIGNMENT SMOA
SHEET_METAL_PERON_ASSIGNMENT SMPA
SHEET_METAL_PERSON_AND_ORGANIZATION_ASSIGNMENT SMPAOA
SHEET _METAL_SECURITY_CISSIEICATION_ASSIGNMENT SMSCA
SEQUENCED_PRODUCT_DEFINITION_RELATIONSHIP SPDR
SPHERE SPHERE
SPHERICAL_SURFACE SPHSRF
SEQUENTIAL\METHOD SQNMTH
SERIALSACTION_METHOD SRACMT
SURFACE SRFC
SURFACE_CURVE SRFCRV
SURFACE_PATCH SRFPTC
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Table B.1 - AIM short names of entities (continued)
Long name Short name
Sl IIQI:A(“F_DFDI ICA. SRERPI
SERIAL_NUMBERED_EFFECTIVITY SRNMEE
SURFACE_OF_REVOLUTION SROFRV
START_ORDER STRORD
SI_UNIT SUNT
SWEPT_AREA_SOLID SWARSL
SWEPT_SURFACE SWPSRF
TOLERANCE_VALUE TLRVL
TOLERANCE_ZONE TLRZN
TOLERANCE_ZONE_DEFINITION TLZNDF
TOLERANCE_ZONE_FORM TLZNFR
TORUS TORUS
TOPOLOGICAL_REPRESENTATION_ITEM TPRPIT
TOROIDAL_SURFACE TRDSRF
TRIMMED_CURVE TRMCRV
UNCERTAINTY_MEASURE_WITH_UNIT UumMwu
UNIFORM_CURVE UNFCRV
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Table B.1 - AIM short names of entities (concluded)

Long name Short name

UNIFORM SURFACE UNESRE
VECTOR VECTOR
VERTEX VERTEX
VERSIONED_ACTION_REQUEST VRACRQ
VERTEX_LOOP VRTLP
VERTEX_POINT VRTPNT
VERTEX_SHELL VRTSHL
WEEK_OF_YEAR_AND_DAY_DATE WOYADD
WORK_ORDER WRKORD
WORK_ORDER_RELATIONSHIP WRORRL
WIRE_SHELL WRSHL
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Annex C
(normative)

Implementation method-specific requirements

Thg implementation method defines what types of exchange behavior are required with respeet\to this part of ISO
103P3. Conformance to this part of ISO 10303 shall be realized in an exchange structure. Thefile format shall be
encpded according to the syntax and EXPRESS language mapping defined in ISO 10303-21\and in the AIM defined
in ahnex A of this part of ISO 10303. The header of the exchange strualirieehtify use of this part of ISO[10303

by the schema name ‘sheet_metal’.
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Annex D
(normative)

Protocol Implementation Conformance Statement (PICS) proforma

ISO 10303-207:1999(E)

Thi
con
toge

This
may
toa

An
opti

rep

Qud

For
pac

1.

A cgnforming implementation shall provide atleast conformance class 1 functionality for ISO 10303-2(

four
The

2.

Oth’Frs shall be statically (configuration-time) selected for use or non-use, such as a particular

bination of these optional elements. However, certain combinations of options are likely to be
ther. These combinations are called conformance classes and are described in the subclauses

be used in preparation for conformance testing by a testing laboratory. The completed PICS profd
5 a PICS.

imber of options are identified in this standard for possible use by conforming implementations.
bns may be dynamically (run-time) selected for use or non-use, for instanc@NIRTattributes of an

esentation as defined in a conformance class.
stions:

simplicity of reference, an identifier for the product-0f’system with which the tested STEP implg
aged in or procured by is required.

Product or system identifier (or name):

een classes defined in this international standard. Each class specifies a subset of ISO 10303-207
Se classes are detailed in clause 6-of this document.

Claimed classes of conformance (functionality) - circle choices:
1-(PM Only)

2-(PM & PPLAN)

3-(PM & Wireframe & Topology)

4-(PM & Wireframe & Surface & No Topology)

5-(PM & Manifold Surfaces & Topology)

6-(PM_&Faceted BREP)

7-(PM_& Advanced BREP)

8-(PM & CSQG)

9-(PM & PPLAN & Wireframe & Topology)

b clause lists the optional elements of this part of ISO 10303. An implementation may cheose {o support any

implemented
bf this annex.

annex is in the form of a questionnaire. This questionnaire is intended to be filléd-out by the implementor and

rma is referred

Some of these
Entity.
style of shape

mentation is

7. There are
IAIM constructs.

10-(PM & PPLAN & Wireframe & Surface & No Topology)

11-(PM & PPLAN & Manifold Surfaces & Topology)
12-(PM & PPLAN & Faceted BREP)

13-(PM & PPLAN & Advanced BREP)

14-(PM & PPLAN & CSG)
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Conformance to this international standard may be realized in one or more of several different implementation
methods. The implementation methods define what types of implementation behavior are required with respect to this
international standard.

3.

Claimed implementation forms - circle choices:

If th
sele
met

4.

A cgnforming implementation shall maintain the static options selected throughout subsequent dynar

(tes
mai
sett

5.

A S
imp

Implementation methods: Clear text encoding of the exchange structure (ISO 10303-21)
Implementation methods: Standard dateeas interface specification (ISO 10303-22)

e implementationeaceives dta that does not comply with the requirements in this international stan
cted conformance class(es), or with the requirements of the 20's series of parts forcthe selected
hod, it shall execute a default response. A default response shall be statically set:

Default Response:

ting) without requiring madification. In a user environment, a conforming implementation shall
ntain the provision of selected static options, or it shall provide usgrs.discretionary control over the
ng of the static options, or both (depending on the option).
Does the IUT provide any user discretion over the changing and setting of static options?
Yes or No

If yes, which ones?

(a) Conformance class(es):

(b) Default Response:

tatement of conformance ahtinclude identification of at least one party deeming conforman
ementation.

Evaluator(s) (testeror certifier or accreditor):

dard for the
implementation

nic assessment
permanently
changing and

ce for the
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Annex E
(normative)

Information object registration

E.1 Document identification
In ofder to provide for unambiguous identification of an information object in an open system; the object identifier
{iso standard 10303 part(207) version(0)}

is agsigned to this part of ISO 10303. The meaning of this value is defined in ISEB2BE, and is described in 1ISO
103p3-1.

E.2 Schema identification

To provide for unambiguous identification of the schema specifications given in this application protocg sheet_metal
in ah open information system, object identifiers are assigned-as follows:

{iso standard 10303 part(207) version(0) object(1) sheet-metal-schema(1)}
is agsigned to the sheet_metal expanded schema (see annex A).

{iso standard 10303 part(207) version(Q) object(1) sheet-metal-schema(2)}
is agsigned to the sheet_metal short fortn'schema (see 5.2).

The meaning of these values is defined in ISO/IEC 8824-1, and is described in 1ISO 10303-1.
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Annex F
(normative)

Application interpreted constructs

An application interpreted construct (AIC) provides a logical grouping of interpreted constructs that-suppprts a specific
fungtionality for the usage of product data acrosHipia application contexts. An interpreted constfuct’is 8 common
intefpretation of the integrated resources that supports shared information requirements among applicgtion protocols.

Thig annex specifies the application interpreted constructs for ISO 10303-207.

NOTE - RESOLUTION 286: (Kobe June 1996)

"BC4 resolves that

an AIC shall be published as a separate part (500-series document)
APs stall reference AICs only as a normative reference

AICs shall be at the same or advanced voting status as an AP in which it is being used at the time pf the AP's DIS
gr FDIS ballot.

$C4 authorises exemption for 10303-202 and 10303-207, recegnising the caliergtatus of these documents.”
As a result of this resolution, ISO 10303-202 and 1SQ-.2£0303-207 will have a variation in the annek sequence as
defined by the ISO TC184/SC4/N4GRiideline for the development and approval of STEP application [protocols,

ersion 1.2and ISO TC184/N-433upplementary,directives for the drafting and presentation of 1$0 10303
Annex F of this part of ISO 10303 contains text'copied verbatim from applicable AICs.

F.1 Application interpreted construct 501: Edge-based wireframe

F.1.1 Scope

This application interpretéd)construct specifies the interpretation of the integrated resourges to satisfy
reqlirements for the representation of the product shape using three-dimensional wireframe models which are
bounded by a set of conrnected edge sets.

The following are within the scope of this AIC:

+ thewepresentation of wireframe models that are described by a graph of edges and vertices where the
gdges'intersect only at their vertices;

— the representation of a wireframe model by one or more connected edge sets which shall not overlap or
intersect except at their vertices or edges;

— points defined in a three-dimensional coordinate space;
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— curves, including b-splines, defined in a three-dimensional coordinate space;

— the representation of a single wireframe model or an assembly of wireframe models.

The following are outside the scope of this AIC:

F.1

Thig
typ4

)
i
i

%)
SCH

USE
(ec

USH
(a
b|
b
(or:
ci
cd
cu
cu
el
ge
hy
lin

— surface geometry;
— solid geometry;
— shell topology.

.2 EXPRESS short listing

HEMA aic_edge_based_wireframe;

E FROM geometric_model_schema
ge_based_wireframe_model);

F FROM geometry _schema
is2_placement_3d,
spline_curve_with_knots;
zier_curve,
rtesian_transformatien_operator_3d,
cle,

nic,

rve,

rve_replica

ipse,
ometric_representation_context,
perbata,

e

off

s'et curve 3d,

— geometry defined in a two-dimensional coordinate space;

b clause specifies the EXPRESS schema that uses elementsfrom the integrated resources
S, entity specializations, and functions that are specificdothis AIC.

IOTE 1 - There may be subtypes and items of select lists that appear in the integrated resourg
mported into the AIC. Constructs are eliminated from.the’subtype tree or select list through the use
nterface rules of ISO 10303-11. References to eliminated constructs are outside the scope of the

--1SO 10303-42

--1SO 10303-42

and contains the

es that are not
of the implicit
AIC.

parabola,

point,
point_on_curve,
point_replica,
polyline,
quasi_uniform_curve,
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rational_b_spline_curve,
uniform_curve);

USE FROM product_property_representation_schema --1SO 10303-41
(shape_representation);

USE FROM representation_schema --1SO 10303-43
(mppped_item);

USE FROM topology schema --1SO 10303:42
(edge_curve,
edge_loop,
vgrtex_loop,
vgrtex_point);

(*

NOTE 2 - The schemas referenced above can be found in the following partSiéf3g®

geometric_model_schema 1SO,10303-42
geometry_schema 1ISO10303-42
product_property representation_schema SO 10303-41
representation_schema ISO 10303-43
topology_schema ISO 10303-42

F.1.2.1 aic_edge based wireframe entity definition: edge based -wireffame_-
shape_representation

An |ledge_based_wireframe_shape_representatides a three-dimensionahape_representationwhich
represents the shape, or a portion of‘the shape, of a product by wireframes which are trimmed by edge
topplogy. This includes all 3D curves-and topological entities which define a graph of vertices |and edges.

NOTE - An application protocolkthat uses this AIC may ensure thathidyee representatiorentity is instantiated
ds anedge_based_wireframe_shape_representation

EXIPRESS specification

*

ENTITY edge_based’ wireframe_shape_representation
SUBTYPE OF(shape_representation);
WHERE
WIR1: SIZEOF (QUERY (it <* SELF.items |
NOTASIZEOF(['AIC_EDGE_BASED_WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL',
'AIC_EDGE_BASED_WIREFRAME.MAPPED_ITEM',
'‘AIC EDGE_BASED WIREFRAME.AXIS2 PILACEMENT 3D7*
TYPEOF (it)) =1
) =0;
WR2: SIZEOF (QUERY (it <* SELF.items |
SIZEOF(['AIC_EDGE_BASED_ WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL',
'AIC_EDGE_BASED_ WIREFRAME.MAPPED_ITEM' * TYPEOF (it))
=1)>=1;
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WR3: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items |
(AIC_EDGE_BASED_ WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
IN' TYPEOF (it))) |
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_model.
ebwm_boundary |
NOT (SIZEOF (QUERY (edges <* eb.ces_edges |
NOT ('AIC_EDGE_BASED WIREFRAME EDGE_CURVE'
IN TYPEOF (edges))))
) =0))) =0; _ _
WR4: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items |
('AIC_EDGE_BASED_WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
IN' TYPEOF (it))) |
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_maodel.
ebwm_boundary |
NOT (SIZEOF (QUERY (pline_edges <* QUERY (edges <*
eb.ces_edges |
('AIC_EDGE_BASED_ WIREFRAME.POLYLINE' IN
TYPEOF (edges\edge_curve.edge_geometry))) |
NOT (SIZEOF (pline_edges\edge_curve.
edge_geometry\polyline.points) > 2))) =
) =0)) =0; _ _
WIR5: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items |
('AIC_EDGE_BASED_WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
IN' TYPEOF (it))) |
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_model.
ebwm_boundary |
NOT (SIZEOF (QUERY (edges <* eb.ces_edges |
NOT (('AIC_EDGE_BASED_WIREFRAME.VERTEX_POINT'
IN TYPEOF (edges.edge_start)) AND
(AIC_EDGE_BASED_WIREFRAME. VERTEX POINT'
IN TYPEOF (edges.edge_end)))))-=
) =0)) =0; : _
WIR6: SIZEOF (QUERY (ebwm <* QUERY, (it'<* SELF.items |
('AIC_EDGE_BASED_WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
IN TYPEOF (it)))
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_model.
ebwm_boundary |
NOT (SIZEOF (QUERY (edges <* eb.ces_edges |
NOT (valid_wireframg™ edge_curve
(edges\edge_cure:edge_geometry,
'‘Ald_EDGE_BASED_WIREFRAME)))) = 0))) = 0))) = 0;
WR7: SIZEOF (QUERY-(ebwm <* QUERY (it <* SELF.items|
('AIC_EDGE_BASED_ WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
IN TYPEOE/(it)))
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_maodel.
ebwm_boundary |
NOT(SIZEOF (QUERY (edges <* eb.ces_edges |
NOT ((valid_wireframe_vertex_point
(edges.edge_start\vertex_point.vertex_geometry,
'AIC_EDGE_BASED_WIREFRAME")) AND
(valid_wireframe_vertex_point
(edges.edge_end\vertex_point.vertex_geometry,
'‘AIC_EDGE_BASED_WIREFRAMEY)) )) =0
))) =0))) =0;
WR8: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items |
('AIC_EDGE_BASED_WIREFRAME.EDGE_BASED_ WIREFRAME_MODEL'
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IN TYPEOKF (it))) |
NOT (SIZEOF (QUERY (eb <* ebwm\edge_based_wireframe_maodel.
ebwm_boundary |
NOT (SIZEOF (QUERY (con_edges <* QUERY (edges <* eb.ces_edges |
('AIC_EDGE_BASED_WIREFRAME.CONIC'
IN TYPEOF (edges\edge_curve.edge_geometry))) |
NOT ('AIC_EDGE_BASED WIREFRAME.AXIS2_PLACEMENT_ 3D

END_ENTITY;

(*

Formal propositions

)
WR9: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items |

)
WIR10: SELF.context_of items\geometric_representation_context.

IN TYPEOF (con_edges\edge_curve.
edge_geometry\conic.position)))) = 0
) =0) =0;

(AIC_EDGE_BASED_WIREFRAME.MAPPED_ITEM' IN TYPEOF (it))) |

NOT(AIC EDGE_BASED_WIREFRAME."' +
'EDGE_BASED_WIREFRAME_SHAPE_REPRESENTATION'

IN TYPEOF (mi\mapped_item.mapping_source.mapped_representation)

)=0;

coordinate_space_dimension = 3;

WR

modlel, mapped_item or axis2_placement_3d

WR

based_wireframe_modebr amapped_item

WR

WR

thap two distinct points.

WR
WR
circ

cur

WR

car

WR

carﬂisian_point or point_replica and thepoint_replica shall replicate either anothppint_replica

1: The items in apdge_based wireframe_shape_representatiahall be aredge _based_wirefrg

2: At least one of the items in adge_based_wireframe_shape_representatiahall be either aad

3. Every edge in aadge_based_wireframe_modedhall be aredge_curve

4. Every polyline that underlies ‘an edge ofeeige _based_wireframe_modedhall be defined by

5: Every vertex defined-for aadge based_wireframe_modedhall be avertex_point.
6: Theedge geometrythat underlies an edge for adge_based_wireframe_modeshall be 3
e, ellipse parabola, hyperbola, b_spline_curve offset_curve_3d polyline, or curve_replicaan
es that have&.a basis defined by other curves are done so consistently.

7. Thevertex_geometrythat underlies the edges for adge_based_wireframe_modeshall

SO

me_-

ge_-

more

ine,
i the

be a
or a

sian pninf

8: All conics shall be positioned by aris2_placement_3d
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WR9: If there is anapped_itemin anedge_based_wireframe_shape_representatiothe source of the
mapped_itemshall be aredge_based_wireframe_shape_representation

WR10: Theedge based wireframe_shape_representatishall have @oordinate_space_dimensioequal
to three.

F.1.2.2 aic_edge_ based_wireframe function definitions
F.1.2.2.1 valid_wireframe_edge_curve

Thae valid_wireframe_edge_curvefunction determines whether or not an input-curve is valid for use in
repfesenting a shape defined by a topologically bounded wireframe.

EXIPRESS specification

*

FUNCTION valid_wireframe_edge_curve (crv : curve;
schma : STRING) : BOOLEAN,;
-- ¢heck for valid basic curve types

IF SIZEOF ([schma + ".LINE',
schma + ".CIRCLE',
schma + ".ELLIPSE',
schma + .PARABOLA',
schma + "HYPERBOLA',
schma + '.B_SPLINE_CURVE',
schma + .POLYLINE'T * TYPEOF (ctv)) = 1
HEN RETURN (TRUE);
SE
-- flecursively check for valid basic cufves for curve_replica
IF (schma + .CURVE_REPLICA") IN'TYPEOF (crv)
HEN RETURN (valid_wireframe_edge_curve
(crv\curve_replicayparent_curve, schma));

m_

LSE
- recursively check forvalid basis curves for offset_curve
F (schma + .OFFSET-CURVE_3D") IN TYPEOF (crv)
THEN RETURN (valid_wireframe_edge_curve
(cp\Offset_curve_3d.basis_curve, schma));
ND_IF;
ND_IF;
END_IF;
RETURNYFALSE);
END_FUNCTION;
(*

Arqument definitions

crv: the inputcurve that is to be examined.

schma the input string that defines the schema in whiclcithes defined to be used for type checking.
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F.1.2.2.2 valid_wireframe_vertex_point

Thevalid_wireframe_vertex_point function determines whether or not an input point is valid for use in
representing a shape defined by a topologically bounded wireframe.

EXIPRESS specification

*

FUNCTION valid_wireframe_vertex_point (pnt : point;

schma : STRING) : BOOLEAN;

-- ¢heck for valid basic point types

IF (schma + ".CARTESIAN_POINT' IN TYPEOF (pnt))

HEN RETURN (TRUE);

EUSE

{recursively check for valid basic point types as parents for a
{ point_replica

—

f (schma + ".POINT_REPLICA") IN TYPEOF (pnt)
THEN RETURN (valid_wireframe_vertex_point
(pnt\point_replica.parent_pt, schma));
END_IF;

END_IF;

RETURN (FALSE);
END_FUNCTION;

Argument definitions

pnt] the inputpoint that is to be examined.

schima the input string that defines the’schema in whiclpttas defined to be used for type checking.
END_SCHEMA,

F.2 Application interpreted construct 502: Shell-based wireframe

F.2.1 Scope

This application interpreted construct specifies the interpretation of the integrated resourges to satisfy
req:rirements for the representation of the product shape using three-dimensional wireframe madels which are

bounded by a set of shells.

The following are within the scope of this AIC:

— the representation of wireframe models that are described by a graph of edges and vertices where the
edges intersect only at their vertices;
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— the representation of a wireframe model by one or more shells which shall not overlap or intersect except
at their vertices or edges;

— points defined in a three-dimensional coordinate space;

The

F.2

Thig
typ4
N
i
i

— surface geometry;

— solid geometry.

.2 EXPRESS short listing

following are outside the scope of this AIC:

— geometry defined in a two-dimensional coordinate space;

— curves, including b-splines, defined in a three-dimensional coordinate space;

— the representation of a single wireframe model or an assembly of wireframe maodels.

b clause specifies the EXPRESS schema that uses-elements from the integrated resources
S, entity specializations, and functions that ate specific to this AIC.

IOTE 1 - There may be subtypes and items of select lists that appear in the integrated resourg
mported into the AIC. Constructs are eliminated from the subtype tree or select list through the use
nterface rules of ISO 10303-11. References to eliminated constructs are outside the scope of the

and contains the

es that are not
of the implicit
AIC.

*
)
SCHEMA aic_shell_based_wireframe;
USKE FROM geometric_mode|_schema --1SO 10303-42
(shell_based_wireframe_model);
USHKE FROM geometry-schema --1SO 10303-42
(axis2_placements3d;
b [spline_curvelwith_knots,
bdzier_curve,
cdrtesian_transformation_operator_3d,
cifcle,
cgnic;
cyrve,
curve”replica,
ellipse,
geometric_representation_context,
hyperbola,
line,

offset_curve_3d,
parabola,
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point,

point_on_curve,
point_replica,

polyline,
quasi_uniform_curve,
rational_b_spline_curve,
uniform_curve);

©I1SO

USE FROM product_property_representation_schema --1SO 10303-41
(shape_representation);
USHK FROM representation_schema -- 1SO 10308-43
(mapped_item);
USHK FROM topology_schema -{1SO 10303-42
(edge_curve,
edge_loop,
path,
vgrtex_loop,
vgrtex_point,
vartex_shell,
wire_shell);
(*
NOTE 2 - The schemas referenced above can be found in‘\the following partsldfage®
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
product_property representation;.Schema ISO 10303-41
topology_schema ISO 10303-42
F.2.2.1 aic_shell based wireframe entity definition: shell based wireframe -
shape_representation
A shell_based_wireframe_shape_representatiois a three-dimensionashape_representationwhich
represents the shape or-a portion of the shape of a product by wireframes which define an implicit volume.
This includes all 3D curves and topological entities which define a graph of vertices, edges, and loops.
NOTE - An applieation protocol that uses this AIC may ensure thathiduge representatiorentity is instantiated
ds ashell_based wireframe_shape_representation.
EXIPRESS Specification
*
ENTITY shell_based_wireframe_shape_representation
SUBTYPE OF (shape_representation);
WHERE

WR1: SIZEOF (QUERY (it <* SELF.items |
NOT (SIZEOF(['AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL',

'‘AIC_SHELL_BASED_WIREFRAME.MAPPED_ITEM',
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'‘AlC SHELL BASED_WIREFRAME.AXIS2_PLACEMENT_3D" *
TYPEOF (it)) =
) = 0;
WR2: SIZEOF (QUERY (it <* SELF.items |
SIZEOF('AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_ WIREFRAME_MODEL',
'AIC_SHELL_BASED_WIREFRAME.MAPPED_ITEM'] * TYPEOF (it)) = 1
) >=1;
WR3TSIZEOF (QUERY (sbwm <* QUERY (it <f SELF.Items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF (it))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
('AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL' IN TYPEOF (sb))) |
NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <*
ws\wire_shell.wire_shell_extent |
('AIC_SHELL_BASED_ WIREFRAME.EDGE_LOOP' IN TYPEOF (wshb))).|
NOT (SIZEOF (QUERY (el <* eloop\path.edge_list |
NOT (AIC_SHELL_BASED_WIREFRAME.EDGE_CURVE' IN
TYPEOF (el.edge_element)))) = 0)
) =0)

)) = 0)
Zo:

WR4: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF (it))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.shwm_boundary |
('AIC_SHELL_BASED_WIREFRAME.WIRE{SHELL' IN TYPEOF (sb))) |
NOT (SIZEOF (QUERY (eloop <* QUERY (wsh,<*
ws\wire_shell.wire_shell_extent
(AIC_SHELL_BASED_ WIREFRAME.ERGE_LOOP' IN TYPEOF (wsh))) |
NOT (SIZEOF (QUERY (pline_el <*
QUERY (el <* eloop\path.edge list |
(AIC_SHELL_BASED_WIREFRAME.POLYLINE'IN
TYPEOF (el.edge_element\edge_curve.edge_geometry))) |
NOT (SIZEOF (pline_el.edge “element\edge_curve.
edge_geometry\pelyline.points) >2)

WR5: SIZEOF (QUERY-(sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL _BASED_ WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEQFAit))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
(*AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL' IN TYPEOF (sb))) |
NQOF(SIZEOF (QUERY (eloop <* QUERY (wsbh <*
ws\wire_shell.wire_shell_extent |
(AIC_SHELL BASED WIREFRAME.EDGE LOOP'IN TYPEOF (wsh))) |
NOT (SIZEOF (QUERY (el <* eloop\path.edge_list |
NOT (valid_wireframe_edge_curve
(el.edge_element\edge_curve.edge_geometry,
'‘AIC_SHELL_BASED_WIREFRAME))) =0)

)) = 0)
))=0)
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) =0;
WR6: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF(it))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
('AIC_SHELL BASED WIREFRAME.WIRE_SHELL' IN TYPEOF (sb))) |

©I1SO

NOT (SIZEOF (QUERY (eloop < QUERY (wsb <X
ws\wire_shell.wire_shell_extent |
('AIC_SHELL_BASED_ WIREFRAME.EDGE_LOOP' IN TYPEOF (wsb))) |
NOT (SIZEOF (QUERY (el <* eloop\path.edge _list |
NOT ((AIC_SHELL_BASED_WIREFRAME.VERTEX_POINT" IN
TYPEOF (el.edge_element.edge_start))
AND
(AIC_SHELL_BASED_WIREFRAME.VERTEX_POINT' IN
TYPEOF (el.edge_element.edge_end))) )) = 0)
) =0)

)) = 0)
Zo:

WR7: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF (it))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
('AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL' IN TYPEOF (sb))) |
NOT (SIZEOF (QUERY (eloop <* QUERY (wsbh <*
ws\wire_shell.wire_shell_extent |
(AIC_SHELL_BASED_ WIREFRAME.EDGE :LOOP' IN TYPEOF (wsh))) |
NOT (SIZEOF (QUERY (el <* eloop\path.edgé_list |
NOT ((valid_wireframe_vertex_point
(el.edge_element.
edge_start\vertex_point.vertexygeometry,
'‘AIC_SHELL_BASED_WIREFRAME)
AND
(valid_wireframe_vertex_point
(el.edge_element.edge_end\vertex_point.vertex_geometry,
'‘AIC_SHELL_BASED "WIREFRAME))

WRS8: SIZEOF (QUERY-(sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL _BASED_ WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEQFAit))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
(*AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL' IN TYPEOF (sb))) |
NOF(SIZEOF (QUERY (eloop <* QUERY (wsb <*
ws\wire_shell.wire_shell_extent |
(AIC_SHELL BASED WIREFRAME.EDGE LOOP'IN TYPEOF (wsh))) |

NOT (SIZEOF (QUERY (con_edges <* QUERY (el <*
eloop\path.edge_list |
(AIC_SHELL_BASED_ WIREFRAME.CONIC' IN
TYPEOF (el.edge_element\edge_curve.edge_geometry))) |
NOT (AIC_SHELL_BASED_WIREFRAME.AXIS2_PLACEMENT_3D' IN
TYPEOF (con_edges.edge_element\edge_curve.
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edge_geometry\conic.position))

WR9: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
('AIC_SHELL BASED WIREFRAME.SHELL_BASED WIREFRAME_MODEL'
IN TYPEOF(D)) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
(AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL' IN TYPEOF (sh))) |
NOT (SIZEOF (QUERY (vloop <* QUERY (wsb <*
ws\wire_shell.wire_shell_extent |
('AIC_SHELL_BASED_WIREFRAME.VERTEX_LOOP' IN TYPEOF (wsb))}}
NOT ('AIC_SHELL_BASED_WIREFRAME.VERTEX_POINT' IN
TYPEOF (vloop\vertex_loop.loop_vertex))
) =0)
) 00)
WR10: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF(it))) |
NOT (SIZEOF (QUERY (ws <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_bgundary |
(AIC_SHELL_BASED_WIREFRAME.WIRE_SHELL"IN TYPEOF (sh))) |
NOT (SIZEOF (QUERY (vloop <* QUERY (wsb <*
ws\wire_shell.wire_shell_extent |
(AIC_SHELL_BASED_WIREFRAME.VERTEX_LOOP' IN TYPEOF (wsb))) |
NOT (valid_wireframe_vertex_point (vloop\vertex_loop.
loop_vertex\vertex_point.vertex_geometry,
'AIC_SHELL_BASED_WIREFRAME))
) =0)
) 00)
WR11: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL'
IN TYPEOF(it))) |
NOT (SIZEOF (QUERY (vs'<* QUERY (sb <*
sbwm\shell” based_wireframe_model.sbwm_boundary |
('AIC_SHELL_BASED_ WIREFRAME.VERTEX_SHELL' IN TYPEOF (sh))) |
NOT ('AIC_SHELL.BASED WIREFRAME.VERTEX_POINT' IN
TYPEOF (vsWertex_shell.vertex_shell_extent.loop_vertex))
) 00)
WR12: SIZEOE (QUERY (sbwm <* QUERY (it <* SELF.items |
(AIC_SHELL_BASED_WIREFRAME.SHELL_BASED_WIREFRAME_MODEL"
IN-TYPEOF(it)))
NOT~SIZEOF (QUERY (vs <* QUERY (sb <*
sbwm\shell_based_wireframe_model.sbwm_boundary |
(AIC_SHELL BASED WIREFRAME.VERTEX_ SHELL' IN TYPEOF (sh))) |
NOT (valid_wireframe_vertex_point (vs\vertex_shell.
vertex_shell_extent.loop_vertex\vertex_point.
vertex_geometry,'AIC_SHELL_BASED_WIREFRAME))
) 00)
WR13: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items |
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(AIC_SHELL BASED_WIREFRAME.MAPPED_ITEM' IN TYPEOF (it))) |
NOT (‘AIC_SHELL BASED_WIREFRAME.' +
'SHELL_BASED_ WIREFRAME_SHAPE_REPRESENTATION' IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)
)=0;
WR14: SELF.context_of_items\geometric_representation_context.
coordinate_space dimension = 3;
ENID_ENTITY;
(*

Formal propositions

WRL1: The items in @hell_based_wireframe_shape_representaticshall be ashell based_wirefra
modlel, mapped_item or axis2_placement_3d

WRZ2: At least one of the items inskell_based_wireframe_shape_representatishall be either ah
based_wireframe_modebr amapped_item.

SO

me_-

ell_-

WR3: Every edge defined for atge_loopin ashell_based_wireftame_modeshall be aredge_cufve

WR4: Every polyline that underlies an edge ishell_based_wireframe_modeshall contain more th
distjnct points.

WR5: Theedge geometnthat underlies an edge foshell based_wireframe_modeshall be dine, ci
elligse parabola, hyperbola, b_spline_curve offset, curve_3d polyline, or curve_replica, and the g
that{ have a basis defined by other curves are-done so consistently.

WRG6: Every vertex defined as the start or end vertex for an edgehiellabased_wireframe_mode:
be avertex_point

AN two

cle,
urves

shall

WRY7: Thevertex_geometrythat-underlies the vertices that define the boundaries of the edgesdgean

loop for ashell_based_wireframe_modethall be acartesian_pointor point_replica, and thepoint_ref
sha]l replicate either anathpoint_replica or acartesian_point

WR8: The positionof a conic that underlies an edge iadge_loopfor ashell_based_wireframe_n
sha]l only be amxis2_placement_3d

WR9: The:vertex that defines thiertex_loopwhich is used as a bound islaell_based_wireframe_n
shall be arertex_point.

lica

nodel

nodel

WR10: The vertex that defines thiertex_loopwhich is used as a bound islaell_based_wireframe_model
shall be underlaid by @artesian_pointor point_replica, and thepoint_replica shall replicate either another

point_replica or acartesian_point

WR11: The vertex that defines thrertex_loopwhich is used as theertex_shell_extentfor avertex_shell
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WR12: The vertex that defines thrertex_loopwhich is used as theertex_shell_extentfor avertex_shell
in ashell_based wireframe_modethall be underlaid by @artesian_pointor point_replica, and thepoint_-
replica shall replicate either anothgoint_replica or acartesian_point

ma

WR

tot

WFil?,: If there is amapped_itemin a shell_based_wireframe_shape_representatipthe souree

ped_itemshall be ashell_based_wireframe_shape_representation

\ree.

F.2.2.2 aic_shell_based_wireframe function definitions

F.2.2.2.1 valid_wireframe_edge_curve

The valid_wireframe_edge_curvefunction determines whether ‘or not an input curve is valid

rep

esenting a shape defined by a topologically bounded wireframe.

EXIPRESS specification

")

FUNCTION valid_wireframe_edge_curve (crv : curve;

IF

schma : STRING) : BOOLEAN;
heck for valid basic curve types

SIZEOF ([schma + ".LINE',

schma + ".CIRCLE/,

schma + ".ELLIPSE,

schma + '"PARABOLA',

schma + "HYPERBOLA"

schma + '.B_SPLINE_CURVE',

schma + .POLYWINE'] * TYPEOF (crv)) =1

THEN RETURN (TRUE);

EUSE
-- fecursively cheekfor valid basic curves for curve_replica

M

IF (schma + '.QURVE_REPLICA") IN TYPEOF (crv)

THEN RETURN (valid_wireframe_edge_curve
(crv\curve_replica.parent_curve, schma));
LSE

- recursively check for valid basis curves for offset_curve

F(schma + .OFFSET_CURVE_3D') IN TYPEOF (crv)
THEN RETURN (valid wireframe edae curye

of the

14: Theshell_based_wireframe_shape_representatiahall havecoordinate_space) dimensiogqual

or use in

(crv\offset_curve_3d.basis_curve, schma));
END_IF;

END_IF;

END_IF;

RETURN (FALSE);
END_FUNCTION;
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(*

Argument definitions

crv: the inputcurve that is to be examined.

schma the input string that defines the schema in whiclcithes defined to be used for type cheeking.
F.2.2.2.2 valid_wireframe_vertex_point

Thae valid_wireframe_vertex_point function determines whether or not an input‘point is valid for use in
repfesenting a shape defined by a topologically bounded wireframe.

EXIPRESS specification

*

FUNCTION valid_wireframe_vertex_point (pnt : point;

schma : STRING) : BOOLEAN;

-- ¢heck for valid basic point types

IF (schma + ".CARTESIAN_POINT' IN TYPEOF (pnt))

HEN RETURN (TRUE);

EUSE

Jrecursively check for valid basic point types as pareqts’for a
{ point_replica

—

f (schma + ".POINT_REPLICA") IN TYPEOF (pnt)
THEN RETURN (valid_wireframe_vertex_peint
(pnt\point_replica.parent_pt, schma));
END_IF;

END_IF;

RETURN (FALSE);
END_FUNCTION;

(*

Argliment definitions

pnt] the inputpoint thatis'to be examined.

schma the input'string that defines the schema in whictptités defined to be used for type checking.

")
END_SCHEMA;
(*

F.3 Application interpreted construct 507: Geometrically bounded surface

F.3.1 Scope
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This application interpreted construct specifies the interpretation of the integrated resources to satisfy
requirements for the description of a geometric shape by means of geometrically bounded surfaces.

The following are within the scope of this AIC:

+——3Bbpoints;

+ points defined in the parameter space of curves or surfaces;

+ 3D curves;

—+ curves defined in the parameter space of surfaces;

NOTE - Such curves are also knownpasrves or cons.

+ the elementary curves line, circle, ellipse, parabola, and hypérbola;
4+ intersection curves;

+ polylines;

+ the elementary surfaces plane, cylinder, cone; torus, and sphere;
+ swept surfaces created by rotation or finear extrusion of a curve;
+ sculptured curves and surfaces;

—+ trimming of curves and surfaces;

+ composition of curves and surfaces;

—+ replication of curves, surfaces, and surface models;

+ 3D offsets)of’curves and surfaces.

The following-are outside the scope of this AIC:

—_ynbounded geometry;

— self-intersecting geometry;

— geometry in a 2D cartesian coordinate space;
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— topological entities.

F.3.2 EXPRESS short listing

This clause specifies the EXPRESS schema that uses elements from the integrated resources

and contains the

typés, entity specializations, and functions that are specific to this AlC.

OTE 1 - There may be subtypes and items of select lists that appear in the integrated fgsourd
ported into the AIC. Constructs are eliminated from the subtype tree or select list through, the use
interface rules of ISO 10303-11. References to eliminated constructs are outside the'scope of the

Thig application interpreted construct provides a consistent set of geometric entities for the definit

es that are not
of the implicit
AIC.

on of surface

modglels that consist of points, elementary or sculptured curves, and elementary or sculptlired surfaces.

Gegmetry shall be bounded; no topological entities are used for bounding.

Thg highest level entity of this AIC geometrically_bounded_surface_shape_representatioh is asha
repfesentation(see ISO 10303-41) consistingggometric_ses. Geometric_ses shall be of dimensig
oints, curves andsurfaces may be contained igeometric’ ses provided they are of the
dimensionality (see ISO 10303-42, rolampatible_dimension, Pcurves (see ISO 10303-42) may
refgrenced. All geometric entities are of dimensionality*3:" Two-dimensional geometry is only
purpose of definingcurves. The use of one-dimensiom@itesian_pointsis excluded.

EMA aic_geometrically_bounded_surface;
FROM geometric_model_schema (geometric_set); --1SO 10303-42

FROM geometry_schema -- 1SO 10303-42
int,

rtesian_point,

int_on_curve,

int_on_surface,

generate_pcurve,
aluated_degenerate_(pcurve,
rection,

ctor,

is1_placement,

is2_placemént-2d,
is2_placemént_3d,
rtesiantransformation_operator_3d,
rve,

el

pe_-

bnality

P same

also be
used for the

Gl“poc,

hyperbola,

parabola,

polyline,

b_spline_curve,
b_spline_curve_with_knots,
uniform_curve,
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quasi_uniform_curve,

bezier _curve,

rational_b_spline_curve,

trimmed_curve,

composite_curve,
composite_curve_segment,
reparametrised_composite_curve segment,
Curve,

Irface_curve,

tersection_curve,

bam_curve,
cpmposite_curve_on_surface,
ffset_curve 3d,

clirve_replica,

irface,

ane,

cylindrical_surface,

cpnical_surface,
d
q
c

(2]

S
S

in

o)

p

spherical_surface,

tqroidal_surface,

bgenerate_toroidal_surface,

syept_surface,

spirface_of _linear_extrusion,

spirface_of revolution,

b| spline_surface,

b| spline_surface_with_knots,

upiform_surface,

Llasi_uniform_surface,

bezier surface,

rational_b_spline_surface,

rectangular_trimmed_surface,
iIrve_bounded_surface,

bpundary_curve,

ojter_boundary_curve,

rectangular_composite_surface,

spirface_patch,

offset_surface,

spirface_replica);

USE FROM product_property” representation_schema --1S0O 10303-41

(shape_representationy;

USE FROM representation_schema --1SO 10303-43
(definitional_representation,

mapped_item,

pprametric/representation_context);

(*

NOTFES

2 - The entitied_spline_curve b_spline_surface andswept_surfaceare explicitly interfaced (i.e. included in
the USE FROM lists) to allow thgbsf check_curveandgbsf_check_surfacdunctions to access attributes of
these entities.
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3 - The schemas referenced above can be found in the following parts 11388

ISO 10303-42

ISO 10303-42
ISO 10303-41

ISO 10303-43

geometric_model_schema
geometry_schema

product_property representation_schema
representation schema

©I1SO

F.3
bo

.2.1 aic_geometrically_bounded_surface entity definition: geometric
inded_surface_shape_representation

Ag
or
this

pometrically_bounded_surface_shape_representatids ashape_representatiorrepresenting the
ortions of the shape of a product using surface geometry without topology:.pErdityt is not pa
AIC.

Ag
unb
cur

pometrically_bounded_surface_shape_representatimonsists opoints;curves andsurfaces only
oundeaturves andsurfaces are explicitly trimmed. The boundariescafves are defined bpoints o
es and explicit associations between flwénts and thecurves which are bounded by then]
hmeter values. The boundariesuwfaces are defined bgurves,en thesurfaces and explicit assoc
veen theurves and thesurfaces which are bounded by them, or parameter values.

par
bet

pometrically_bounded_surface _shape_representatigs represented by one or sevarabmetric_|
hgeometric_setcontains only thospoints, curves,“andsurfaces that define the physical objec

items of ayeometrically_bounded) surface_shape_representationay also be of typmapped._|
is2_placement_3d This enables-the representation of assembligeahetrically_bounded_surf

gbsf _check_point;

ally -

shape
art of

. All

n the

, or by
ations

Ses.
[ that is

ing represented by the particular instance ofjgioenetrically_bounded_surface_shape_represerjtation

hemselves not

item
hce_-

apply these
may

ces.
recursion:

— gbsf_check_curve;

— gbsf_check_surface.

Each of these functions branch within its category into all the entity types that are within the scope of this AIC.
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Any references from any of the types are further investigated by calling one of the three functions, possibly
recursively.Points, curves, andsurfaces are not only checked for referential integrity, but also for other
applicable constraints.

The functions shall be applied to all the elements gfeiimetric_set in ageometrically_bounded_surface_-

sha

)
i

EXH

E_TEPTESEMAtion

nstantiated as geometrically_bounded_surface_shape_representation

PRESS specification:

)

ENT

S
WH
W

W

W

ITY geometrically_bounded_surface_shape_representation

UBTYPE OF (shape_representation);

FRE

R1 : SIZEOF (QUERY (it <* SELF.items |

NOT (SIZEOF (AIC_GEOMETRICALLY_BOUNDED_SURFACE.GEOMETRIC_SET',
'AIC_GEOMETRICALLY_BOUNDED_SURFACE.MAPPED_[TEM!,
'AIC_GEOMETRICALLY_BOUNDED_SURFACE.AXIS2_PIEACEMENT_3D'] * TYPEOF
(i) = 1))) =0;

R2 : SIZEOF (QUERY (it <* SELF.items |

SIZEOF ([AIC_GEOMETRICALLY_BOUNDED_SURFACE.GEOMETRIC_SET',
'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.MAPPED_ITEM'] * TYPEOF

(it)) = 1)) > 0;

R3 : SIZEOF (QUERY (mi <* QUERY (it <* SELFK.tems |
'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.MAPPED_ITEM' IN TYPEOF (it)) |
NOT (‘AIC_GEOMETRICALLY_BOUNDED “SURFACE.' +
'GEOMETRICALLY_BOUNDED_SURFAEE_SHAPE_REPRESENTATION'

IN TYPEOF (mi\mapped_item.mapping-source.mapped_representation))))

= 0;

R4 : SIZEOF (QUERY (gs <* QUERY (it <* SELF.items |
'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.GEOMETRIC_SET' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (pnt<*QUERY (gsel <*

gs\geometric_set.elements |

'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.POINT' IN TYPEOF (gsel)) |

NOT (gbsf_check_paint(pnt)))) = 0))) = O;

R5 : SIZEOF (QUERY+(gs <* QUERY (it <* SELF.items |
'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.GEOMETRIC_SET' IN TYPEOF (it)) |
NOT (SIZEOR(QUERY (cv <* QUERY (gsel <*

gs\geometric/sét.elements |

'‘AIC_GEOMETRICALLY_BOUNDED_SURFACE.CURVE' IN TYPEOF (gsel)) |

NOT (gbsf check_curve(cv)))) = 0))) = 0;

R6 : SIZEOF (QUERY (gs <* QUERY (it <* SELF.items |

'‘AIC \GEOMETRICALLY_BOUNDED_SURFACE.GEOMETRIC_SET' IN TYPEOF (it)) |

NOT (SIZEOF (QUERY (sf <* QUERY (gsel <*

asf\aaamantric cnt Alamante |

IOTE - An application protocol which uses this AIC may ensure thaslthpe_representationent

ty is

o gt oMttt — ST Tiomitits

'AIC GEOMETRICALLY BOUNDED SURFACE SURFACE' IN TYPEOF (gsel)) |
NOT (gbsf_check_surface(sf)))) = 0))) =

END_ENTITY;

(*
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Formal propositions:

WR1: Theitems in a geometrically_bounded_surface_shape_representatighall begeometric_ses,
mapped_itens, oraxis2_placement_3sl.

Bta ey 8 RS g—tare 8 glude
gnother representation into the listtefns of ageometrically_bounded_surface_shape_representatigaee WR3

fpr valid mapped_item3, the mapped_item.mapping_source.mapping_originmay be any ehtjty that is
deometrically founded in thgeometric_representation_contexbf themapped_representationdf this enlity is
gnaxis2_placement_3dthe mapping operator for tineapped_representationto thegeometrically_bounded_-
durface_shape_representationorresponds to a transformation matrix with only translation”and rotatign enabled.
If a cartesian_transformation_operator_3dis used asnapping_origin, scaling and mirroring are possible.

A a ~ alicd o a a e AEaAHAE PP oA
A arrt—a o191V, O PPttt O

WRZ2: At least one of thitems in ageometrically_bounded_surface_shape_representatichall be gither
a geometric_setor amapped_item

WRS3: If there is amapped_itemin a geometrically_bounded_ surface_shape_representatiprhe
mapped_representation of its mapping_source shall be ageometrically_bounded_surface_shape_-
repfesentation

WR4: Eachpoint that is among the elements ajeometricosethat is one of thieems of ageometrically -
bounded_surface_shape_representatioshall be a valighoint.

WR5: Eachcurve that is among the elements afj@dmetric_sethat is one of thieems of ageometrically -
bounded_surface_shape_representatioshall be a validturve.

WRG6: Eachsurface that is among\the elements ofgaometric_setthat is one of thdtems pf a
gedmetrically_bounded_surface_shape_representati@hall be a validurface

Infarmal propositions

IP1} A b_spline_curveshall not self-intersect.
IP2} A composite, curveshall not self-intersect.
IP3}| An offset/curve_3dshall not self-intersect.

IP4} A b: spline_surfaceshall not self-intersect.

IP5: An offset_surfaceshall not self-intersect.

IP6: The geometric entities that are exclusively used to support the definition of other geometric entities shall
not themselves exist in the sets of elementsgdanetric_set
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F.3.2.2 aic_geometrically_bounded_surface function definitions

The EXPRESS language has a number of built in functions. This section describes additional functions
required for the definition and constraints onaloe geometrically_bounded_surfacechema. These functions
are used in the specification of the entjgometrically_bounded_surface_shape_representation

F.3.2.2.1 gbsf _check_point

Thggbsf_check_pointfunction performs type checking fpoints. An instance is checked against all types

of points that are valid in the context aj@ometrically_bounded_surface_shape_representatioAll related

geometry, that is curves and surfaces, are correspondingly checked. When cufves or surfaces| are referenced,
the functiongybsf_check_curveandgbsf_check_surfacerespectively, are called T-he recursion within these
fungtions terminates at entity types that do not reference any points, curves, or surfaces.

Thg following point types are within the scope ofgeemetrically_bounded* surface_shape_representation
and are valid input to this function:

— cartesian_point;

— degenerate_pcurve;

— point_on_curve;

— point_on_surface.

The three latter ones in the list reference either curves or surfaces or both.

Thgbasis_surfaceof a degenerate) pcurvanay be any of the valid surfaces igeometrically_bounded_-
surface_shape_representatian/Thereference_to_curveof a degenerate_pcurveshall be of one [of the
follqwing types:

— b_spline_curve;
—+— composite® curve (recursive);

—+— COonic;

en (roactiransn):
TCa(returstve ),

— polyline;
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— trimmed_curve (recursive).

©I1SO

Thebasis_curveof apoint_on_curvemay be any of the valid curves igaometrically_bounded_surface_-
shape_representation

Theg
surf

Thi
geg

)

EXH

ace_shape_representatian

IOTES

- The function uses recursion to trace entity references.

PRESS specification

)
FUN

ICTION gbsf_check_point (pnt : point) : BOOLEAN;

heck whether the input has the right type;

-- @ cartesian_point is valid and has no further referénces

IF
EL

IF

GEOMETRY_SCHEMA.CARTESIAN_P@INT' IN TYPEOF (pnt) THEN

RETURN(TRUE);

SE

rther references down the tree are taken care of by the function
bsf check_curve

-- ilpoint_on_curve needs to be checked for the validity of its curve;

'GEOMETRY_SCHEMA:POINT_ON_CURVE' IN TYPEOF (pnt) THEN
RETURN (gbsf_che€k) Curve

pnt\point_on_curye,basis_curve));

LSE

a point_on\surface needs to be checked for the validity of its surface;
further réferences down the tree are taken care of by the function
gbsf.check_surface

FCGEOMETRY_SCHEMA.POINT_ON_SURFACE' IN TYPEOF (pnt) THEN

RETLIRNMN(abaf chanly ciivfana

i SN— | - teveidsaTt : ety —

5 function returns TRUE if the types of all referenced geometries are within the sq
metrically_bounded_surface_shape_representatipalse it returns FALSE.

- This function does not check the correctness of references with respeetito 1ISO 10303-42. Only
ue to the scope of tligeometrically _bounded_surface_shape_representati@re checked.

ed_-

tope of the

requirements

TN T UTNT \I\yudl_\;l IL;\.II\_JUI Tauve
(pnt\point_on_surface.basis_surface));
ELSE

-- a degenerate_pcurve needs to be checked for the validity of its
-- defining geometry; further references down the tree are taken care
-- of by the functions gbsf_check_curve and gbsf_check_surface;
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-- both return true for valid points

IF 'GEOMETRY_SCHEMA.DEGENERATE_PCURVE' IN TYPEOF (pnt) THEN
RETURN
((gbsf_check_curve
(pnt\degenerate pcurve.reference_to_curve.items[1]))
AND (gbsf check surface (pnt\degenerate pcurve.basis surface)));

EN
RE

END_FUNCTION,;

Arg

END_TF.
END_TF;
ND_TF;

D_IF;
TURN(FALSE);

Lment definitions:

pnt;
shal

BO
F.3

The
ags
rep

B

Wh
ab
gbs
or S

The
rep

pe_representation

DLEAN: (return) is TRUE if thgoint is a valid point; else RALSE.

.2.2.2 gbsf_check _curve

gbsf_check_curvefunction performs type and.constraint checking for curves. An instance
inst all types of curves that are valid in the context géametrically_bounded_surface_sh
esentation All related geometry, that is curves and surfaces, are correspondingly checked

alidated by this function.
bre appropriate an instanceis investigated recursively. This means if a curve references a
QSIS curve or parent curve; tdiesf_check_curvefunction is called again. If a surface is refere

[ check surfacdunctionyis called. The recursion terminates at entity types that do not referenc
urfaces.

following <€urve types are within the scope of theometrically_bounded_surface_sh
esentationand are valid input to this function:

— h 'spline_curve;

ISO 10303-207:1999(E)

(input) thepoint that is being checked for being a valoint in ageometrically_bounded_surface_-

is checked
ape_-

EXAMPLE - Whether the instance oftespline_curve self-intersects, is an example of a constraipt that is

nother curve as
nced, the
P any curves

ape_-

— COmposIte_curve;

— Conic;

— curve_replica;
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— line;
— offset_curve_3d;

— pcurve;

+ polyline;
+ surface_curve;
4+ trimmed_curve.

Thg segments of eomposite_curveshall be of type&omposite_curve_segmenanly. Theparent_curve of
a cgmposite_curve_segmerghall be of one of the following types:

+ b_spline_curve;
+— composite_curve (recursive);

+ polyline;

surface_curve (recursive);
—+ trimmed_curve (recursive).

The parent_curve of a curve_replica thebasis_curveof anoffset_curve_3d and thebasis_curveof a
trimmed_curve shall all be of one of the following types:

1+ b_spline_curve;

+ composite_curve (recursive);
+— conic;

+ curve-teplica (recursive);

4+ ling;

— offset_curve_3d (recursive);
— pcurve (recursive);

— polyline;
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— surface_curve (recursive);
— trimmed_curve (recursive).

The one instance in the setitefns of adefinitional_representationthat is referenced asference_to_curve
by gpcurvestattbeof oreof thefottowmgtypes:

1+ b_spline_curve;

—+— composite_curve (recursive);
+— conic;

+ curve_replica (recursive);

+ ling;

4+ polyline;

+ trimmed_curve (recursive).
Thegcurve_3dof asurface_curveshall be of one of the following types:
1+ b_spline_curve;

—+— composite_curve (recursive);
—+— conic;

+ curve_replica (recursive);

+ ling;

+ offset_cufve” 3d (recursive);

+ polyhing;

+L-surface_curve (recursive);

— trimmed_curve (recursive).

This function returns TRUE if the types of all referenced geometries are within the scope of the
geometrically_bounded_surface_shape_representaticand if all constraints are satisfied; else it returns
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FALSE.

NOTES

1 - This function does not check the correctness of references with respect to ISO 10303-42. Only requirements

due to the scope of thgeometrically bounded surface shape representatiane checked

A

4 - The function uses recursion to trace entity references.

EXIPRESS specification:

")
FUNCTION gbsf_check_curve (cv : curve) : BOOLEAN;

-- ¢heck whether the input has the right type;

-- et those types pass that do not have any further references
-- lespectively rules to be applied; ensure that complex entities
-- vith bounded_curve do not pass

IF SIZEOF (GEOMETRY_SCHEMA.BOUNDED_CURVE', 'GEOMETRY_SCHEMA.CIRCLE',
'GEOMETRY_SCHEMA.ELLIPSE * TYPEOF(cv)) = 1 THEN RETURN(TRUE);
ELSE

{the b_spline_curve shall not self intersect

F ((GEOMETRY_SCHEMA.B_SPLINE_CURVE'-IN TYPEOF(cv)) AND
cv\b_spline_curve.self_intersect = FALSE))

HEN RETURN(TRUE);

LSE

m-

- if the curve is a composite_curve, all-of its segments shall be valid

F ((GEOMETRY_SCHEMA.COMPOSITE_CURVE' IN TYPEOF(cv)) AND
(cv\composite_curve.self_intersect = FALSE)) THEN

RETURN (SIZEOF (QUERY)(seg <* cvicomposite_curve.segments |
NOT (gbsf_check_curve(seg.parent_curve)))) = 0);

ELSE

-- the curve_replica-references other curves that need to be checked

IF SIZEOF ((GEOMETRY_SCHEMA.BOUNDED_CURVE',
'GEOMETRY_SCHEMA.CURVE_REPLICA'] * TYPEOF(cv)) = 1 THEN
RETURN (gbsf_check_curve (cv\curve_replica.parent_curve));

ELSE

=~ Offset_curve_3d references a curve and shall not self intersect

IF ((SIZEOF (|[GEOMETRY_SCHEMA.BOUNDED_CURVE',
'GEOMETRY_SCHEMA.OFFSET_CURVE_3D' * TYPEOF(cv)) = 1) AND
(cv\offset_curve_3d.self_intersect = FALSE)) THEN
RETURN (gbsf_check_curve (cv\offset_curve_3d.basis_curve));

ELSE
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-- pcurve references a curve - indirectly, and a basis_surface

IF SIZEOF (GEOMETRY_SCHEMA.BOUNDED_CURVE',
'GEOMETRY_SCHEMA.PCURVE'] * TYPEOF(cv)) = 1 THEN
RETURN ((gbsf_check_curve
(cv\pcurve.reference_to_curve.items[1])) AND
(gbsf_check surface (cv\pcurve.basis_surface)));

ELSE

-- polyline shall have at least 3 points and shall only
-- be used to represent an intersection_curve

IF 'GEOMETRY_SCHEMA.POLYLINE' IN TYPEOF(cv) THEN
IF (SIZEOF (cv\polyline.points) >= 3) AND
(SIZEOF ((bag_to_set (USEDIN (cv,")) -
bag to_set (USEDIN (cv,

'GEOMETRY_SCHEMA.INTERSECTION_CURVE.BASIS_CURVE")))= 0)

THEN RETURN (TRUE);
END_IF;
ELSE

-- surface_curve references a curve_3d and one or two
-- pcurves or one or two surface_curves or one of each

IF SIZEOF ([GEOMETRY_SCHEMA.BOUNDED_CURVE',
'GEOMETRY_SCHEMA.SURFACE_CURVET * TYPEOF(CV)) =1 THEN

-- if the curve reference is correct, check also‘the rest

IF gbsf_check_curve (cv\surface_curvegurve 3d) THEN
REPEAT i:=1 TO SIZEOF
(cv\surface_curve.associated_geametry);

-- do for one or two associated ;geometrys:

IF 'GEOMETRY_SCHEMA:SURFACE' IN TYPEOF
(cv\surface_curve.associated_geometry[i]) THEN
IF NOT gbsf_chegky surface

(cv\surface_curvezassociated_geometry[i]) THEN
RETURN(EALSE);
END_IF;

ELSE

IF 'GEOMETRY_SCHEMA.PCURVE' IN TYPEOF
(cvAsurface_curve.associated_geometry[i]) THEN
IEENOT gbsf_check_curve

(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
END_IF;

END_IF;

END_IF;

END_REPEAT
RETURN(TRUE);
END_IF;
ELSE

-- if the curve is a trimmed_curve
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IF (GEOMETRY_SCHEMA.TRIMMED_CURVE') IN TYPEOF (cv) THEN
-- if a line, parabola or hyperbola is being trimmed,
-- then valid
IF SIZEOF ([GEOMETRY_SCHEMA.BOUNDED CURVE',
'"GEOMETRY_SCHEMATINE,
'GEOMETRY_SCHEMA.PARABOLA',
'GEOMETRY_SCHEMA.HYPERBOLA' *
TYPEOF (cv\trimmed_curve.basis_curve)) =1
THEN RETURN (TRUE);
-- otherwise, recursively check the basis curve
ELSE RETURN (gbsf_check_curve
(cv\trimmed_curve.basis_curve));
END_IF;
END_IF;
END_[F;
END_IF;
END_IF;
END_IF;
END_IF;
END_TF;
BEND_IF;
END_IF;
RETURN(FALSE);
END_ FUNCTION;
|
Argument definitions:
cv: [input) thecurve that is being checked for a vatidrve in ageometrically_bounded_surface_shape_-
repfesentation
BOPLEAN: (return) is TRUE-f theurve is a validcurve; else FALSE.
F.3.2.2.3 gbsf_check_surface
Thggbsf_check ‘surfacdéunction performs type and constraint checking for surfaces. An instance is checked
agginst all types of surfaces that are valid in the contextgafometrically_bounded_surface_shape_-
repfesentation All related geometry, that is curves and surfaces, are correspondingly checked.
EXAMPLE - Whether the instance ofta spline surfaceself-intersects, is an example of a constraint that is

validated by this function.

Where appropriate an instance is investigated recursively. This means if a surface references another surface
as a basis surface or parent surfacegbsf check_surfacdunction is called again. If a curve is referenced,
the gbsf_check_curvefunction is called. The recursion terminates at entity types that do not reference any
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The following surface types are within the scope of gfemmetrically_bounded_surface_shape_-
representationand are valid input to this function:

Bot
surf
the

Thq
surf

Sw
ged
cur

—b—splime_surface;

— curve_bounded_surface;

— elementary_surface;

— offset_surface;

— rectangular_composite_surface;

— rectangular_trimmed_surface;

— surface_replica;

— swept_surface.

h thebasis_surfaceof a curve_bounded_surfacethebasis_surfaceof anoffset_surface theba
ace of arectangular_trimmed_surface and thearent_surfaceof asurface_replicashall all be g

surface types listed above.

segments of eectangular_composite_surfaceshall besurface_patctes. Theparent_surface
ace_patchshall be of one of the(following types:

— b_spline_surface;
— rectangular_composite surface (recursive);
— rectangular—trimmed_surface (recursive).

metrically” bounded_surface_shape_representatiaequires the same constraints on valid
es-as(specified in ISO 10303-42. All curves that are in the scogreofreetrically_bounded_surf

bpt_surfaces reference curves.  Functiogbsf _check curveis called for type checking.

bis_-
ne of

of a

The
Eweeping
hce -
ferenced

shapeDrepresentatiorare validswept curves. This function returns TRUE if the types of all re

geometries are within the scope of tfeometrically_bounded_surface_shape_representaticand if all
constraints are satisfied; else it returns FALSE.

NOTES
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1 - This function does not check the correctness of references with respect to ISO 10303-42. Only requirements
due to the scope of tligeometrically _bounded_surface_shape_representati@re checked.

2 - The function uses recursion to trace entity references.

EXPRESS specification:

*

FUNCTION gbsf_check_surface (sf : surface) : BOOLEAN,;

-- ¢heck whether the input has the right type and for some whether
ttribute restrictions are fulfilled (self-intersect e.g.)

_spline_surface has a self_intersect attribute that shall be false

IF ((GEOMETRY_SCHEMA.B_SPLINE_SURFACE' IN TYPEOF(sf)) AND
$f\b_spline_surface.self_intersect = FALSE)) THEN

RETURN(TRUE);

EUSE

basis surface types return true

K SIZEOF ([GEOMETRY_SCHEMA.SPHERICAL_SURFACE"
GEOMETRY_SCHEMA.TOROIDAL_SURFACE' * TYREOQF(sf)) = 1 THEN

RETURN(TRUE):;
ELSE

F 'GEOMETRY_SCHEMA.CURVE_BOUNDED:"SURFACE' IN TYPEOF(sf) THEN

- if there is a simple basis_surface, check the curves

IF SIZEOF (GEOMETRY_SCHEMA:CONICAL_SURFACE/,
'GEOMETRY_SCHEMA.CYLINDRICAL_SURFACE!,
'GEOMETRY_SCHEMA.PLANE]

* TYPEOF(sficurve_bounded,_surface.basis_surface)) = 1 THEN
RETURN(SIZEOF (QUERY:(bcurve <*
sficurve_bounded_surface.boundaries |
NOT (gbsf_check_curve(bcurve)))) = 0);

ELSE

-- recursively.check the basis_surface and then the curves

IF gbsfcheck_surface
(sf\curve’ bounded_surface.basis_surface) THEN
RETURN(SIZEOF (QUERY (bcurve <*
Sf\curve_bounded_surface.boundaries |

NOT (gbsf_check_curve(bcurve)))) = 0);

END_IF;
ELSE

-- offset_surface references a surface and shall not self intersect

IF ((GEOMETRY_SCHEMA.OFFSET_SURFACE' IN TYPEOF(sf)) AND

410


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO ISO 10303-207:1999(E)

(sf\offset_surface.self_intersect = FALSE)) THEN
RETURN (gbsf_check_surface (sf\offset_surface.basis_surface));
ELSE

-- rectangular_composite_surface references a matrix of surfaces

IF 'GEOMETRY_SCHEMA.RECTANGULAR_COMPOSITE_SURFACE' IN TYPEOF(sf)
THEN
REPEAT i:=1 TO SIZEOF
(sfirectangular_composite_surface.segments);
REPEAT j:= 1 TO SIZEOF
(sfirectangular_composite_surface.segmentsi]);
IF NOT (gbsf_check_surface
(sfirectangular_composite_surface.segmentsi][j].
parent_surface))
THEN RETURN (FALSE);
END_IF;
END_REPEAT;
END_REPEAT,;
RETURN(TRUE);
ELSE

-- rectangular_trimmed_surface has a basis_surface

IF 'GEOMETRY_SCHEMA.RECTANGULAR_TRIMMED. SURFACE' IN TYPEOF(sf)
THEN
IF SIZEOF (GEOMETRY_SCHEMA.CONICAL ¢(SURFACE!,
'GEOMETRY_SCHEMA.CYLINDRICAL_SUREACE/,
'GEOMETRY_SCHEMA.PLANE' * TYPEOR
(sfirectangular_trimmed_surface.basis_surface)) = 1 THEN
RETURN (TRUE);
ELSE
RETURN(gbsf_check_surface
(sfirectangular_trimmed_surface:basis_surface));
END_IF;
ELSE

-- parent_surfaces need+to be checked for their validity

IF 'GEOMETRY_SCHEMA.SURFACE_REPLICA' IN TYPEOF (sf) THEN
RETURN (gbsf-_check_surface
(sf\surface_replica.parent_surface));

ELSE

-- and-the swept_surface must have a valid swept_curve
IEXGEOMETRY_SCHEMA.SWEPT_SURFACE' IN TYPEOF(sf) THEN

RETURN(gbsf_check_curve (sfiswept_surface.swept_curve));
END_IF;
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RETURN(FALSE);
END_FUNCTION;

(*

Argument definitions:

©I1SO

sf:(
surf

BO
F.g

Thig

EXH

nput) the surface that is being checked for a valigurface in a geometrically_boun
ace_shape_representatian

DLEAN: (return) is TRUE if thesurfaceis a validsurface else FALSE.

.2.2.4 bag_to_set

5 function converts BAGs into SETSs.

EXAMPLE - It can be used to convert the BAGs returned by the USEDINfunction into SETs that ca
ssigned to variables that are SETSs.

NOTE - This function specification is copied from ISO 10303-41<It'is included in this AIC to redloteeré
om this AIC schema. The function is unchanged.

PRESS specification:

)
FUN

LG
th

EN
IF
E
EN
RE

ENI
(*

REPEAT i := 1 to HIINDEX (the_bag);

ICTION bag_to_set (the_bag : BAG OF GENERIC : intype) :
SET OF GENERIC : intype;

CAL

e_set: SET OF GENERIC : intype == [];
: INTEGER;

D_LOCAL;

SIZEOF (the_bag) > 0, THEN

he_set := the_set-+the_bag [i];

ND_REPEAT,;

D_IF;

TURN (the, set);

D_FUNETION;

ed_-

n be properly

PNces

Arg

ument definitions:

the_bag:the BAG that is to be converted into a SET.

)
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END_SCHEMA, -- aic_geometrically_bounded_surface

(*

F.4 Application interpreted construct 509: Manifold surface

F.

Thi
req

The

T Scope

5 application interpreted construct specifies the interpretation of the integrated fésourges to satisfy
lirements for the description of a geometric shape by means of manifold surfaces,

following are within the scope of this AIC:

3D points;

points defined in the parameter space of curves or surfaces;

3D curves;

curves defined in the parameter space of surfaces;

NOTE - Such curves are also knownpasrves or cofs.

the elementary curves line, circle, ellipseiparabola, and hyperbola;
— intersection curves;

— surfaces;

— the elementary surfacesyplane, cylinder, cone, torus, and sphere;
— swept surfaces created by rotation or linear extrusion of a curve;
— sculptured curves and surfaces;

— trimming‘ of curves and surfaces using topological entities;

— «composition of curves and surfaces using topological entities;

— replication of curves, surfaces, and surface models;

— 3D offsets of curves and surfaces;

— 2-manifolds.
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The following are outside the scope of this AIC:

— unbounded geometry;

— self—intersecting geometry;

©I1SO

F.2

Thig
typ4

)
i
i

Thi
defi
enti
is b

An
ma)
103
top(
(sed
geo
exc

The

— geometry in a 2D cartesian coordinate space;
— topology that is defined independent of geometry;

— non-manifolds.

.2 EXPRESS short listing

b clause specifies the EXPRESS schema that uses elements from'the integrated resources
S, entity specializations, and functions that are specific to thisAlC.

IOTE 1 - There may be subtypes and items of select lists that’appear in the integrated resourg
mported into the AIC. Constructs are eliminated from the subtype tree or select list through the use
nterface rules of ISO 10303-11. References to eliminated-constructs are outside the scope of the

5 application interpreted construct provides a_consistent set of geometric and topological ¢
nition of manifold surface representations that¢eonsist elementary or sculptured surfaces. Th
[y of this AIC ismanifold_surface_shape_representation A manifold_surface_shape_represen
punded. The bounding of the geometry:is achieved by topological entities, sdgeasdface

anifold_surface_shape_representatiois capable of representing 2-manifolds. A maximum of

share the same edgemanifald - surface_shape_representatiois ashape_representatior(seq
03-41) that consists of a sesbEll_based_surface_mode! A shell_based_surface_modekferg
logical entities which in turn reference geometric entities supbials, curves, andsurfaces. Pcu
 |SO 10303-42) may also be referenced. All geometric entities are of dimensionality 3. Twq
metry is only used.for the purpose of definpngrves. The use of one-dimensiomartesian_poir
uded.

assembly-ghanifold_surface_representatios is provided by the use ofapped_itens as memb

maiifold_surface shape_representatioritems. Mapped_itemis specified in ISO 10303-43.

Top

and contains the

es that are not
of the implicit
AIC.

ntities for the
e highest level
tation

wo faces
ISO

Pnces

rves
-dimensional
5 is

ers of

ology shall not exist independent of geometry.

*

SCHEMA aic_manifold_surface;

USE FROM aic_topologically_bounded_surface;

-- Annex F
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USE FROM geometric_model_schema (shell_based_surface_model);

USE FROM geometry_schema (
point_on_curve,
point_on_surface,
degenerate_pcurve,
evaluated degenerate_pcurve,

ISO 10303-207:1999(E)

--1SO 10303-42
--1SO 10303-42

xiSZ_placement_2d,
cartesian_transformation_operator_3d,
Curve,

ntersection_curve,

seam_curve,

pffset _curve 3d,

Curve_replica,

surface,

pffset surface,

surface_replica);

E FROM product_property _representation_schema
(shape_representation);

E FROM representation_schema (
Hefinitional _representation,
harametric_representation_context);

E FROM topology_schema (
priented_face,
connected_face_set,
bpen_shell,

Closed_shell);

(*

F.4.2.1 aic: manifold_surface entity definition:
representation

NOTE 2 - The schemas referenced above can be found in the following partsiéf3g®

aic_topologically _bounded_surface Annex F
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
product_property_representation_schema ISO 10303-41
representation_schema ISO 10303-43
topology_schema ISO 10303-42

<1SO 10303-41

--1SO 10303-43

--1SO 10303-42

manifold_surface _shape_-

A manifold_surface_representatioris ashape_representatiorwhich represents the shape or portions of the

shape of a product using 2-manifolds with boundaries. 2-manifolds are topologically constrained in a way that
makes them suitable for inclusion into solid representationmadifold_surface_shape_representation

consists of a set of shells, each of which consists of a set of faces. These use among others edges and vertices
that in turn reference geometric entiti@pen_shellandclosed_shellwhich both are subtypes obnnected_-

face_set shall be usedConnected_face_sethall not be instantiated.
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Topological entities shall not exist without an association to a corresponding geometric domain.

The items of a manifold_surface_shape_representatiomay also be of typenapped_itemor axis2_-
placement_3d This enables the representation of assembliesanifold_surface_shape_representatian

All ymbourded geometry shatt-betrimmed-by usingtopotogicat constructs:

instantiated as manifold_surface_shape_representatian

EXIPRESS specification:

*
)
ENTITY manifold_surface_shape_representation

SUBTYPE OF (shape_representation);
WHERE

WIR1: SIZEOF (QUERY (it <* SELF.items |
NOT (SIZEOF ([AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL',
'AIC_MANIFOLD_SURFACE.MAPPED_ITEM/,
'AIC_MANIFOLD_SURFACE.AXIS2_PLACEMENT_3D'] * T¥PEOF (it)) = 1))) = 0;
WR2: SIZEOF (QUERY (it <* SELF.items |
SIZEOF ([AIC_MANIFOLD_SURFACE.SHELL_BASED.SURFACE_MODEL',
'AIC_MANIFOLD_SURFACE.MAPPED_ITEMT* TYPEOF (it)) = 1)) > 0;
WR3: SIZEOF (QUERY (mi <* QUERY (it <* SELF.itemas]
'‘AIC_MANIFOLD_SURFACE.MAPPED_ITEM' IN,TYPEOF (it)) |
NOT ('AIC_MANIFOLD_SURFACE.MANIFOLD-'SURFACE_SHAPE_REPRESENTATION'
IN TYPEOF (mi\mapped_item.mapping_source-mapped_representation))))

=0;

WR4: SIZEOF (QUERY (sbsm <* QUERY (it.<* SELF.items |
'‘AIC_MANIFOLD_SURFACE.SHELL_ BASED_ SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (sh <*

shsm\shell_based_surface_modeksbsm_boundary

NOT (SIZEOF ([AIC_MANIFOLD. SURFACE.OPEN_SHELL',
'‘AIC_MANIFOLD_SURFACE: CLOSED _SHELL']

* TYPEOF (sh)) = 1))) = 0))).=

WR5: SIZEOF (QUERY (shsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

shsm\shell_based-~surface_model.sbsm_boundary |

NOT (SIZEOF{QUERY (fa <* cfs\connected_face_set.cfs_faces |

NOT (SIZEOF{['AIC_MANIFOLD_SURFACE.FACE_SURFACE!,
'AIC_MANIFOLD_SURFACE.ORIENTED_FACE'] * TYPEOF (fa)) = 1))) = 0)))

= 0))) =0;

WR6: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'‘Al€_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

NOTE - An application protocol which uses this AIC may ensure thashbpe representationent

ty is

DUDIII\DIICII UQDCU DUIIQ\.’C IIIUUCI DUDIII UUUIIUQIy'

NOT (SIZEOF (QUERY (f_sf <* QUERY (fa <*
cfs\connected_face_set.cfs_faces |
'AIC_MANIFOLD_SURFACE.FACE_SURFACE' IN TYPEOF (fa)) |

NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (f_sf))
OR

(SIZEOF (AIC_MANIFOLD_SURFACE.OFFSET_SURFACE/,
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'AIC_MANIFOLD_SURFACE.SURFACE_REPLICA'] * TYPEOF
(f_sf\face_surface.face_geometry)) = 1)))) = 0))) = 0))) = 0;
WR7: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'‘AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected face set.cfs faces |
NOT (CAIC_MANIFOLD_SURFACE. ADVANCED_FACE'IN TYPEOF (fa))
OR

(basis_surface_check(fa\face_surface.face_geometry))))) = 0)))

=0))=0;

WR8: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it))]
NOT (SIZEOF (QUERY (cfs <*

sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set.cfs_faces |

NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))

OR

(SIZEOF (QUERY (bnds <* fa.bounds |

NOT (SIZEOF (AIC_MANIFOLD_SURFACE.EDGE_LOOFP",
'AIC_MANIFOLD_SURFACE.VERTEX_LOOP']

* TYPEOF (bnds.bound)) = 1))) = 0)))) = 0))) = 0))) = 0;

WR9: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items]
'‘AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set:cfs_faces |

NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds’<* fa.bounds |
'AIC_MANIFOLD_SURFACE.EDGE_LOOP.IN TYPEOF (bnds)) |

NOT (SIZEOF (QUERY (oe <* elp_fbnds.lsound\path.edge _list |

NOT ('AIC_MANIFOLD_SURFACE.EDGE’ CURVE' IN TYPEOF
(oe.edge_element)))) = 0))) = 0)))) =0))) = 0))) = O;

10: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'‘AIC_MANIFOLD_SURFACE.SHEEL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surfacesmodel.sbsm_boundary |

NOT (SIZEOF (QUERY (fa;<* cfs\connected_face_set.cfs_faces |

NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))
OR

w

bl

(SIZEOF (QUERY.(elp_fbnds <* QUERY (bnds <* fa.bounds |
'‘AIC_MANIFOLBZSURFACE.EDGE_LOOP' IN TYPEOF (bnds.bound)) |

NOT (SIZEOF,(QUERY (oe_cv <* QUERY (oe <*
elp_fbnds.haouind\path.edge_list |

'‘AIC_MANIFOLD_SURFACE.EDGE_CURVE' IN TYPEOF (oe.edge_element)) |
NOT (SIZEOF ([AIC_MANIFOLD_SURFACE.CURVE_REPLICA!,
'AIC_MANIFOLD_SURFACE.OFFSET_CURVE_3D',
'AIC.MANIFOLD_SURFACE.PCURVET *

TYPEOF (oe cv.edge element\edge curve.edge geometry))

=1))=0)) = 0)))) 0))) =0)) =0; _ _

WR11: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |

'‘AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set.cfs_faces |
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NOT ((AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'‘AIC_MANIFOLD_SURFACE.EDGE_LOOP' IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge _list |
NOT (basis_curve_check (oe.edge_element\edge_curve.edge_geometry))))
=0))) =0)))) =0))) = 0))) = 0;
WR1IZ: SIZEOF (QUERY(sbsm <F QUERY (it <* SELF.items |
'‘AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set.cfs_faces |
NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'‘AIC_MANIFOLD_SURFACE.EDGE_LOOP' IN TYPEOF (bnds)) |

NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list]

NOT (('AIC_MANIFOLD_SURFACE.VERTEX_POINT' IN TYPEOF
(oe.edge_element.edge_start))

AND

('AIC_MANIFOLD_SURFACE.VERTEX_POINT' IN

TYPEOF (oe.edge_ element edge end)))))

=0) =0 =0) = _ _

13: SIZEOF (QUERY (sbsm < QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE. SHELL_BASED_SURFACE._MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face »Set.cfs_faces |

NOT (('AIC_MANIFOLD_SURFACE.ADVANCED\FACE' IN TYPEOF (fa))
OR

w

bl

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFOLD_SURFACE.EDGE_LOQOP; IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge _list |
NOT ((SIZEOF (AIC_MANIFOLD_SURFACE.CARTESIAN_POINT',
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE/,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE!,
'AIC_MANIFOLD_SURFACE. POINT_ON_SURFACE‘] * TYPEOF
(oe.edge_element.edge_start\Wertex_point.vertex_geometry)) = 1)
AND
(SIZEOF (['AIC_MANIFOLED_SURFACE.CARTESIAN_POINT',
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE/,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE!,
'AIC_MANIFOLDZSURFACE.POINT_ON SURFACE]*TYPEOF
(oe.edge_element.edge_ end\vertex __point.vertex_geometry)) =
)))) 0))) 0)))) 0))) =0)) =

F(QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC MANIFOLD SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT{(SIZEOF (QUERY (cfs <*
sbSm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected face set.cfs faces |
NOT (('AIC_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF (fa))
OR

w

'ﬂ

(SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFOLD_SURFACE.VERTEX_LOOP' IN TYPEOF (bnds.bound)) |
NOT ('AIC_MANIFOLD_SURFACE.VERTEX_POINT' IN TYPEOF
(vip_fbnds.bound\vertex_loop.loop_vertex)))) = 0)))) = 0)))
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=0)) = 0;

WR15: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'‘AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set.cfs_faces |
NOT ((AIC_MANIFOLD SURFACE.ADVANCED FACE' IN TYPEOF (fa))

(SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFOLD_SURFACE.VERTEX_LOOP' IN TYPEOF (bnds.bound)) |
NOT (SIZEOF ([AIC_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE/,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE!,
'AIC_MANIFOLD_SURFACE.POINT_ON SURFACE]*TYPEOF
(vip_fbnds.bound\vertex_loop.loop_vertex\vertex_point.vertex_geometry))

=1))) =0)))) =0)) =0))) =0;
 ENTITY;

Formal propositions

WR1: Theitems in a manifold_surface_shape_representatiorshall beshell _based_surface_m
mapped_itens, oraxis2_placement_3sl.

OTE -Axis2_placement_3ds valid as a reference ampping_target from amapped_item To include ar
representation into the list of items ofrenifold_surfacé. shape_ representatio(see WR3 for valignapp
items), themapped_item.mapping_source.mapping: origimay be any entity that is geometrically fou
thegeometric_representation_contexbf themapped_representation If this entity is araxis2_placemer
the mapping operator for theapped_representationto the manifold_surface_shape_represen
dorresponds to a transformation matrix with_only translation and rotation enabledriésian_transformati
dperator_3dis used asnapping_origin,scaling and mirroring are possible.

WR2: At least one of théems‘in a manifold_surface_shape_representatioishall be either &h
based_surface_modebr amapped_item

WR3: If there is amapped._itemin amanifold_surface_shape_representatiqrthemapped_represent

WR4: A shell_hased_surface_modehat is one of the items ofraanifold_surface_shape_represen
sha]l only refesencepen_shellor closed_shelbs itssbsm_boundary

ode|

other
ed -
nded in
t 3d
tation
pn_-

ell_-

ation

tation

ape

WR6: Theface_geometnyof aface_surfacethat is a face in aonnected_face_seif amanifold_surface_-
shape_representatiorshall be either aoffset_surface asurface_replica or a surface within the reference

tree of aradvanced_face
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WRY7: All basis geometry that is referenced by surfaces that are within the reference tnegnddlal
surface_shape_representatioshall be valid curves and surfaces.

The basis_surfaceof anoffset_surfaceshall be either aslementary_surfaceb_spline_surface offset_-
surface swept_surface or surface_replica

Th
surf

parent_surfaceof asurface_replicashall be either aalementary_surfaceb_spline_surfaceoffget_-
ce swept_surface or surface_replica

swept_curveof aswept_surfaceshall be either &ne, conic, pcurve, surface_curve ©ffset_curve 3d
8: The bound of dace_boundthat is one of the bounds of a face iboanécted_face_seh ashgll_-
d_surface_modeh amanifold_surface_shape_representatioshall beleither within the referemce tree
nadvanced_faceor shall be amrdge_loopor avertex_loop
39: Theedge_elemenbf anoriented_edgethat is part of @onnected_face_setnd within the refgrence

of amanifold_surface_shape_representatioshall be eithe{within the reference tree obdmanced_-

310: Theedge_geometrnof anedge_curvethat isan edge and within adge_loopthat is one pf the

11: All basis geometry that is referenced by curves that are within the reference trearcfofd_-
flace_shape_representatioshall be validcurves andsurfaces Theparent_curve of acurve_replicashall
be ¢ither dine, conic, pcurve, surface_eurve offset_curve_3d b_spline_curve polyline, or curve_relica

basis_curveof anoffset _curve' 3dshall be either line, conic, pcurve, surface_curve offset_curve 3d

curve_3dof asurface_curveshall be either &ne, conic, offset_curve_3d b_spline_curve polyline,

The basis_surfaceof a surface_curveshall be either &_spline_surface elementary_surface offdet_-

3 | _face in the
reference tree of manifold_surface_shape_representatioshall be either within the reference tree of an
advanced_faceor vertex_points.

e eQge a0 edde enado all eddelna ars Q L0NNe 20 aCe S 0L \A []

WR13: Thevertex_geometryof avertex that is part of ardge_loopand within the reference tree of a
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manifold_surface_shape_representatioshall be either within the reference tree obdmanced_faceor shall

be acartesian_point point_on_curve point_on_surface or degenerate_pcurve

WR14: Theloop_vertexof avertex_loopthat is part of @onnected_face_seind within the reference tree
of amanifold_surface_shape_representatioshall be either within the reference tree obdwanced_face

or ghattbe arertex_point

WR15: Thevertex_geometryof avertex that is part of avertex_loopand within the referenee tn
mauifold_surface_shape_representatioshall be either within the reference tree obdmanced_faceor
be qcartesian_point point_on_curve point_on_surface or degenerate_pcurve

Infagrmal propositions

IP1} A b_spline_curveshall not self-intersect.

IP2| A b_spline_surfaceshall not self-intersect.

IP3}| An offset_curve_3dshall not self-intersect.

IP4} An offset_surfaceshall not self-intersect.

IP5] If a facewithin the reference tree ofraanifold_surface_shape_representatiohas only one con

outer bound, the corresponding loop shall berepresentiedeasouter _bound If the outer bound
connhectedface_outer_boundshall not be used.

F.4.2.2 aic_manifold_surface-function definitions

Thg EXPRESS language has.& number of built in functions. This section describes additig
regliired for the definition and.constraints ondfee manifold_surfaceschema. These functions arg
the |specification of the entityanifold_surface_shape_representatian

F.4.2.2.1 basisycurve_check

Thgbasis_curve~checkunction performs type checking for curves. An instance is checked agait
of gqurves that’'are valid in the context aianifold_surface_shape_representatianAll related geor
thaf is eupves and surfaces, are correspondingly checked.

ee of a
shall

hected
is not

nal functions
used in

st all types
netry,

Wh

nother curve as

a basis curve or parent curve, basis_curve_checKunction is called again. If a surface is referenced, the
basis_surface_checkunction is called. The recursion terminates at entity types that do not reference any

curves or surfaces.
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The following curve types are within the scope ofrifaifold_surface_shape_representatioand are, thus,

valid input to this function:

— b_spline_curve;

+—=tonic;

+ curve_replica;
4+ line;

+ offset_curve_3d;
4+ pcurve;

+ polyline;

+ surface_curve.

FoJr of these curve types reference basis or parent curves. The lists below indicate the valid feferences.

Tha parent_curve of a curve_replica and thebasis: curveof anoffset_curve_3dshall be of one [of the

follgwing types:

-+ b_spline_curve;

+— conic;

+ curve_replica (recursive);
+ ling;

+ offset_curve~3d (recursive);
1+ pcurve(récursive);

+ polyline;

— surface_curve (recursive).

The one instance in the sefitefns of adefinitional_representationthat is referenced asference_to_curve

by apcurve shall be of one of the following types:

422


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

©I1SO ISO 10303-207:1999(E)

— b_spline_curve;
— conic;

— curve_replica (recursive);

4+ line;
+ polyline.

Thecurve_3dof asurface_curveshall be of one of the following types:

— b_spline_curve;

— conic;

— curve_replica (recursive);

4+ line;

— offset_curve_3d (recursive);

+ polyline;

— surface_curve (recursive).

Pcuyrve andsurface_curvealso referenice surfaces. Functimasis_surface_checls called for type checking.

Thg manifold_surface_shape_representationequires the same constraints on valid surface refgrences for
pcurves andsurface_curvesas\specified in ISO 10303-42. A valid polyline shall consist of at least three
carfesian_point. The attributself _intersectshall forB-spline and offset geometry be set to FALS$E.

This function returns“TRUE if the types of all referenced geometries are within the scopmanifold_-
surface_shape_representatioand if all constraints are fulfilled; else it returns FALSE.

OTES

- Thisfunction does not check the correctness of references with respect to ISO 10303-42. Only requirements
ue-to the scope of theanifold_surface_shape_representatioare checked.

2 - The function uses recursion to trace entity references.

EXPRESS specification:
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*

FUNCTION basis_curve_check (cv: curve) : BOOLEAN;

-- let those types pass that do reference curves or surfaces and
-- that do not have any additional constraints

IF ((GEOMETRY_SCHEMA.B_SPLINE_CURVE'IN TYPEOF (cv)) AND

©I1SO

(c VIb_spline_curve.sel_intersect = FALSE))
THEN RETURN(TRUE);
ELISE

Javoid line and conic to be in complex entities with bounded_curves,
{ but else they are valid

GEOMETRY_SCHEMA.LINE] * TYPEOF (cv)) = 1 THEN
RETURN(TRUE):;
ELSE

- check in case curve_replica is the type of the input curve
F SIZEOF ([GEOMETRY_SCHEMA.BOUNDED_CURVE/,

RETURN (basis_curve_check(cv\curve_replica.parent_curve));
ELSE

-- check in case offset_curve_3d is the type of the input curve;
-- attribute self_intersect shall be false

IF ((SIZEOF (GEOMETRY_SCHEMA.BOUNDED_CURVE',

(cv\offset_curve_3d.self_intersect = FALSE)) THEN
RETURN (basis_curve_check (cv\offset~curve_3d.basis_curve));
ELSE

-- check in case pcurve is the type of the input curve

IF SIZEOF (GEOMETRY~SCHEMA.BOUNDED_CURVE',
'GEOMETRY_SCHEMA:PCURVE'] * TYPEOF(cv)) = 1 THEN
RETURN ((basis_curve” check
(cv\pcurve.reference’ to_curve\representation.items[1])) AND
(basis_surface.'check (cv\pcurve.basis_surface)));

ELSE
-- checkin case surface_curve is the type of the input curve

IRSIZEOF (GEOMETRY_SCHEMA.BOUNDED_CURVE',

f SIZEOF ([GEOMETRY_SCHEMA.BOUNDED_CURVE', 'GEOMETRY_SCHEMA:CONIC',

'GEOMETRY_SCHEMA.CURVE_REPLICA * TYPEOF (CV)) =)> THEN

'GEOMETRY_SCHEMA.OFFSET_CURVE\3D" * TYPEOF (cv)) = 1) AND

‘GEOMETRY_SCHEMA.SURFACE_CURVET * TYPEOF(CV)) =1 THEN

-- If the curve reference Is correct, check also the rest
IF basis_curve_check (cv\surface_curve.curve_3d) THEN

REPEAT i:=1TO SIZEOF
(cv\surface_curve.associated _geometry);
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-- do for one or two associated_geometrys:

IF 'GEOMETRY_SCHEMA.SURFACE' IN
TYPEOF (cv\surface_curve.associated_geometry[i]) THEN
IF NOT basis_surface check
(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
END _IF,
ELSE
IF 'GEOMETRY_SCHEMA.PCURVE' IN
TYPEOF (cv\surface_curve.associated_geometry[i]) THEN
IF NOT basis_curve_check
(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
END_IF;
END_IF;
END_IF;
END_REPEAT;
RETURN(TRUE);
END_IF;
ELSE

-- check in case polyline is the type of the input curve;
-- polyline shall have at least 3 points (as required for
-- advanced_face)

IF 'GEOMETRY_SCHEMA.POLYLINE' IN TYPEOQF(cv) THEN
IF (SIZEOF (cvipolyline.points) >= 3) THEN RETURN (TRUE);
END_IF;

END_IF;
RETURN (FALSE);
ENID_FUNCTION;

Argument definitions

cv: [input) thecuryethat is being checked for a vatidrve in amanifold_surface_shape_representatian

BOPLEAN: (output) is TRUE if theurve is a validcurve; else FALSE.

F.4.2,2.2 basis_surface check

The basis_surface_checkunction performs type checking for surfaces. An instance is checked against all
types of surfaces that are valid in the context afiemifold_surface_shape_representatian All related
geometry, that is curves and surfaces, are correspondingly checked.
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Where appropriate an instance is investigated recursively. This means if a surface references another surface
as a basis surface or parent surface#ises_surface_checkunction is called again. If a curve is referenced,
thebasis_curve_checkunction is called. The recursion terminates at entity types that do not reference any
curves or surfaces.

T hgfottowing surfacetypesare withirm the stope oftbsifotd _surface _shape_Tepresentatioand are, thus,

valig input to this function:

— b_spline_surface;

— elementary_surface;

+ offset_surface;

— surface_replica;

— swept_surface.

Two of these surface types reference basis or parent surfacgsaréht surfaceof a surface_replicaand
the pasis_surfaceof anoffset_surfaceshall both be of one.of the following types:

— b_spline_surface;

— elementary_surface;

+ offset_surface (recursive);

— surface_replica (recursive);

— swept_surface.

Swept_surfacegeference’curves. Functithasis_curve_checls called for type checking. Tmeanifold_-
surface_shape_representationequires the same constraints on valid sweeping curves as spegified in ISO
10303-42. All carves that are in the scope afamifold_surface_shape_representatioare validswept_-
curyes.

The attributeself_intersectshall forB-spline and offset geometry be set to FALSE.

This function returns TRUE if the types of all referenced geometries are within the scopmanifoéd_-
surface_shape_representatioand if all constraints are fulfilled; else it returns FALSE.

NOTES
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1 - This function does not check the correctness of references with respect to requirements specified by 1ISO
10303-42. Only requirements due to the scope ofrthieifold_surface_shape_representatioare checked.

2 - The function uses recursion to trace entity references.

EXPRESS specification

FUNCTION basis_surface_check (surf : surface) : BOOLEAN,;

-- lef those types pass that do not reference curves or surfaces

IF [GEOMETRY_SCHEMA.ELEMENTARY_SURFACE' IN TYPEOF(surf) THEN
RETURN(TRUE);
EUSE
- check the swept_curve in case the input surface is a swept_surface

IF 'GEOMETRY_SCHEMA.SWEPT_SURFACE' IN TYPEOF (surf) THEN
RETURN (basis_curve_check (surf\swept_surface.swept_curve));

BLSE
- check in case offset_surface is the type af the input surface;
- attribute self_intersect shall be false

F ((GEOMETRY_SCHEMA.OFFSET_SURFACE' INNTYPEOF (surf)) AND
(surfloffset_surface.self _intersect = FALSE)) THEN

RETURN (basis_surface_check (surfloffset_surface.basis_surface));
ELSE

-- check in case surface_replica is the type of the input surface

IF 'GEOMETRY_SCHEMA.SURFAGE’ REPLICA' IN TYPEOF(surf) THEN

RETURN(basis_surface_check (surfisurface_replica.parent_surface));
ELSE

-- check for self_intersection flag in case b_spline_surface
IF ((GEOMETRY_SCHEMA.B_SPLINE_SURFACE' IN TYPEOF(surf)) AND
(surfib_spline_surface.self_intersect = FALSE)) THEN
RETURN(TRUYE);
END_IF;
END_IF;
END _IF;
END_IF;
END_IF;
REBTURN(FALSE);
END (FUNCTION;
(*

Argument definitions

surf: (input) the surface that is being checked for a valgbrface in a manifold_surface_shape_-
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representation

BOOLEAN : (output) is TRUE if thesurfaceis a validsurface else FALSE.
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b Application interpreted construct 510: Geometrically bounded wiréfrar

.1 Scope

5 application interpreted construct specifies the interpretation of thesintegrated resourd

following are within the scope of this AIC:

— points and curve geometry in 3D cartesian space;

— the use of wireframe geometry to represent a shape;

— the combination of representations to form.an aggregation of representations.
following are outside the scope of this AIC:

— surface geometry;

— topological connectivity ofi\geometry;

— product definitions.

.2 EXPRESS short listing

b clause specifies the EXPRESS schema that uses elements from the integrated resources
s, entity‘specializations, and functions that are specific to this AIC.

IOTE "1 - There may be subtypes and items of select lists that appear in the integrated resourd

es to satisfy

lirements for the representation of the product shape using geometrically bounded wireframe models.

and contains the

es that are not

mperted into the AIC. Constructs are eliminated from the subtype tree or select list through the use

of the implicit

interface rules of ISO 10303-11. References to eliminated constructs are outside the scope of the AIC.

*

SCHEMA aic_geometrically_bounded_wireframe;

USE FROM geometric_model_schema -- 1SO 10303-42
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(geometric_curve_set,
geometric_set);

USE FROM geometry_schema --1SO 10303-42
(axis1_placement,
axis2_placement_3d,
b _spline_curve with_knots,

i
g
g
g
g
g
§
d
1
I
d
{
{
{
{
{
c
M
M
t
d

US

US
(*

)

F.5
bo

€zIer_curve,
artesian_transformation_operator_3d,
ircle,

omposite_curve,

urve,

urve_replica,

llipse,
eometric_representation_context,
yperbola,

ne,

ffset_curve 3d,

arabola,

oint,

oint_on_curve,

oint_replica,

olyline,

uasi_uniform_curve,
ptional_b_spline_curve,
pparametrised_composite_curve_segment,
fimmed_curve,

niform_curve);

E FROM product_property_representation_schema --1S0O 10303-41
hape_representation);

E FROM representation_schema --1SO 10303-43
happed_item);

IOTE 2 - The schemas referenced above can be found in the following partsidf3g®

geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
product_property\representation_schema ISO 10303-41
representatian’schema ISO 10303-43

).2.1 aiC)'geometrically_bounded_wireframe entity definition: geometricg
inded- wireframe_shape_representation

ISO 10303-207:1999(E)

lly -

Ag

friaallh s o Aol o £ na han e +totiono hbhan o dtotioma il o
cUlTictivally  Juuriutcu__witTirallic oliaptT_ TTUITOTTIAUUID AoTiAapt TTUTTCOTTIIAUUTIWVITUIT TTUT

sents

the shape or portions of the shape opraduct by wireframe geometry without topology. These
representations are formed by the use of points and curves only. All unbounded curves shall be explicitly
trimmed unless they are closed. The boundaries of the curves shall be defined explicitly by points on the curves
and explicit associations between the points and the curves which they bound or by parameter values. Each
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geometric_setin a geometrically_bounded_wireframe_shape_representatioshall contain only those
entities that define the physical object that is being represented by a particular instangeafttecally -
bounded_wireframe_shape_representatian The geometric entities that are used to support the definition
of another geometric entity shall not exist themselves irl#maentsset of ageometric_set

iated

ds angeometrically_bounded_wireframe_shape_representation

EXAMPLE - A circular arc is to be used to define the corner radius on a part that is beihg.fepregented using a
eometrically_bounded_wireframe_shape_representation The representation of that arc isiecle that is
bferenced by iimmed_curve as itbasis_curve Thegeometric_setthat contains the shape of the pait has the
immed_curve in its set ofelements but does not contain thrcle that is used as th®sis_curve

o = (0. m

EXIPRESS specification

*
)
ENTITY geometrically_bounded_wireframe_shape_representation
SUBTYPE OF (shape_representation);
WHERE
WIR1: SIZEOF (QUERY (it <* SELF.items |
NOT (SIZEOF (TYPEOKF(it) *
[AIC_GEOMETRICALLY_BOUNDED_WIREFRAME:GEOMETRIC_CURVE_SET,
'AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.AXIS2_PLACEMENT_3D/,
'AIC GEOMETRICALLY_BOUNDED_WIREFRAME.MAPPED_ITEMY) = 1)
) -
WR2: SIZEOF (QUERY (it <* SELF.items |
SIZEOF (TYPEOF (it) *
[AIC_GEOMETRICALLY_BOUNDED.WIREFRAME.GEOMETRIC_CURVE_SET,
'AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.MAPPED_ITEM]) =1
) >=1
WR3: SIZEOF (QUERY (gcs <* QUERY: (it <* SELF.items |
(AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.GEOMETRIC_CURVE_SET
IN TYPEOF (it)))
NOT (SIZEOF (QUERY (erv<*
QUERY (elem <* gcs\gepmetric_set.elements |
('AIC_GEOMETRIEALLY_BOUNDED_WIREFRAME.CURVE' IN TYPEOF (elem))) |
NOT (valid_geometrically_bounded_wf curve
(crv, 'AIC_GEOMETRICALLY_BOUNDED_WIREFRAME'))
)))= 0)
WR4: SIZEOF{(QUERY (gcs <* QUERY (it <* SELF.items |
(AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.GEOMETRIC_CURVE_SET
INSYPEOF (it)))
NOTASIZEOF (QUERY (pnts <*
QUERY (elem <* gcs\geometric_set.elements |
(AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.POINT' IN TYPEOF (elem))) |
NOT (valid_geometrically_bounded_wf point
(pnts, 'AIC_GEOMETRICALLY_BOUNDED_WIREFRAME)

)) = 0)
Zo:

) =0;
WR5: SIZEOF (QUERY (gcs <* QUERY (it <* SELF.items |
(AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.GEOMETRIC_CURVE_SET'
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IN TYPEOKF (it))) |
NOT (SIZEOF (QUERY (cnc <*
QUERY (elem <* gcs\geometric_set.elements |
('AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.CONIC' IN TYPEOF (elem))) |
NOT ('AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.AXIS2_PLACEMENT_3D'
IN TYPEOF (cnc\conic.position))

) =0)

D=0,
WR6: SIZEOF (QUERY (gcs <* QUERY (it <* SELF.items |
(AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.GEOMETRIC_CURVE_SET
IN TYPEOF (it)))
NOT (SIZEOF (QUERY (pline <*
QUERY (elem <* gcs\geometric_set.elements |
('AIC_GEOMETRICALLY_BOUNDED_WIREFRAME.POLYLINE'
IN TYPEOF (elem))) |
NOT (SIZEOF (pline\polyline.points) > 2)

)) = 0)
Zo:

WR7: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items |
(AIC_GEOMETRICALLY_BOUNDED_ WIREFRAME.MAPPED_ITEM'
IN TYPEOF (it))) |
NOT (‘AIC_GEOMETRICALLY_BOUNDED_ WIREFRAME.' +
'GEOMETRICALLY_BOUNDED_WIREFRAME_SHAPE.REPRESENTATION'
IN TYPEOF (mi\mapped_item.mapping_source.mapped-fepresentation))
) =0;
WIR8: SELF.context_of_items\geometric_representation_centext.
coordinate_space_dimension = 3;
END_ENTITY;

Formal propositions

WR1: Theitemsin ageometrically_bounded_wireframe_shape_representatioshall be sgeometfic_-
curye_set axis2_placement_3dor mapped_item.

WRZ2: At least one of th#emsin ageometrically_bounded_wireframe_shape_representatioshgll be
either ageometric_curve_sébr amapped_item

WRS3: All curves that-are in thelementsof a geometric_curve_setfor a geometrically_bounded_-
wirgframe_shape {representatiorshall be bounded explicitly by geometry.

WR4: All points that are in thelementsof the geometric_curve_setfor a geometrically_bounded_-
wirgframe_“shape_representatiorshall be aartesian_point point_on_curve or point_replica. Thepoint_-
repILca shall replicate either anothgoint_replica or acartesian_point Thepoint_on_curve shall liejon a

valig curve type for @eometrically bounded wireframe_shape representation

WRS5: Theposition for aconic in theelementsof ageometric_curve_sefor ageometrically_bounded_-
wireframe_shape_representatiorshall only be amxis2_placement_3d

WR6: Everypolyline in theelementsof ageometric_curve_sefor ageometrically_bounded_wireframe_-
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WRY7: If there is anapped_itemin ageometrically_bounded_wireframe_shape_representatigithe source
of themapped_itemshall be ageometrically_bounded_wireframe_shape_representation

The
use

EXH

8T ggeometricalty _bournded_wire
ensionequal to three.

.5.2.2 aic_geometrically_bounded_wireframe function definitions

.5.2.2.1 valid_geometrically_bounded_wf curve

valid_geometrically_bounded_wf_curvefunction determines whether or not an input curve is
in representing a shape defined by a geometrically bounded wireframe.

PRESS specification

*
FUN
(c

IF

—

EL

IF

M

ICTION valid_geometrically_bounded_wf_curve
v :curve; schma : STRING) : BOOLEAN,;

heck for valid basic curve types
SIZEOF ([schma + '.POLYLINE',
schma + .B_SPLINE_CURVE',
schma + ".ELLIPSE',
schma + .CIRCLE" * TYPEOF (crv)).£1
HEN RETURN (TRUE);
SE

{if the curve is a trimmed_curve

((schma + "TRIMMED_CURVE!) IN TYPEOF (crv)) THEN
- if a line, parabola, or hyperhola is being trimmed, then valid
F SIZEOF ([schma + ".LINE}
schma + .PARABOLA’,
schma + "HYPERBOLA" *
TYPEOF(crv\trimmed _curve.basis_curve)) =1
THEN RETURN (TRUE);

- otherwise, recursively check basis_curve

FILSE RETWURN (valid_geometrically_bounded_wf curve
(crvitrimmed_curve.basis_curve, schma));

END_IR;

LSE

- yecursively check the offset_curve basis curve

Fllschma + ".OFFSET CURVE 3D") IN TYPEOF (crv))

THEN RETURN (valid_geometrically_bounded_wf _curve
(crv\offset_curve_3d.basis_curve, schma));

ELSE

-- recursively check the curve_replica parent curve
IF ((schma + '.CURVE_REPLICA") IN TYPEOF (crv))
THEN RETURN (valid_geometrically_bounded_wf curve
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(crv\curve_replica.parent_curve, schma));
ELSE
-- recursively check the composite_curve segments
IF ((schma + '.COMPOSITE_CURVE') IN TYPEOF (crv)) THEN
RETURN (SIZEOF (QUERY (ccs <* crv\icomposite_curve.segments |
NOT (valid_geometrically_bounded_wf_curve
(ccs.parent_curve, schma)))) = 0);

END_TF
END_IF
END_TF
BND_IF

END _IF;

RETURN (FALSE);
END_ FUNCTION;
(*
Argument definitions
crv] the inputcurve that is to be examined.
schima the input string that defines the schema in whiclcthesdefined to be used for type chec
F.5.2.2.2 valid_geometrically_bounded_ wf..point
Thgvalid_geometrically_bounded_wf_pointfunction“determines whether or not an input point is
usq in representing a shape defined by a geometrically bounded wireframe.
EXPRESS specification
*
FUNCTION valid_geometrically_bounded_wf point

(pnt : point; schma : STRING) : BOOLEAN;

-- ¢heck for valid basis types

IF [(schma + '.CARTESIAN “POINT') IN TYPEOF (pnt))

THEN RETURN (TRUE);

ELISE

IF

-if the input type iS-a point_on_curve then check for a valid

geometrically-bounded curve type as the basis

((schma + ' ROINT_ON_CURVE") IN TYPEOF (pnt))
THEN RETURN (valid_geometrically_bounded_wf curve
(pnt\point_on_curve.basis_curve, schma));

LSE
-Gfthe input type is a point_replica check for a valid parent point

POCATINTYPEOFY (pn[))
THEN RETURN (valid_geometrically_bounded_wf_point
(pnt\point_replica.parent_pt, schma));

END_IF;

E

ND_TF;

END_IF;
RETURN (FALSE);

ISO 10303-207:1999(E)

ng.

valid for
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END_FUNCTION,;

(*

Argument definitions

pnt;

the inputpoint that is to be examined.

©I1SO

sch
*)
ENI
(*
F.6
F.6

Thig
the

The

ma the input string that defines the schema in whictpttés defined to be used for typecchec

D SCHEMA, -- aic_geometrically_bounded_wireframe

) Application interpreted construct 511: Topologically bounded surface

.1 Scope

b application interpreted construct specifies the interpretation of the integrated resources in @
requirement for the definition of a face with explicit topological bounds and fully defined geq

following are within the scope of this AIC:
— 3D geometry;

— B—spline curves and surfaces;

— conics;

— elementary curves;

— elementary surfaces;

— polylines;

— pcurves;

— scUlptured surfaces;

King.

rder to satisfy
metry.

——surfacecurvesreferencingpeurves;

— swept surfaces;

— twisted curves;
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— unbounded geometry;

— geometric transformations;

— use of topology to bound geometric entities.

The

F.q

Thig
typ4

)

Thi
defi

typ
geo

The
103

*

SCh

ISO 10303-207:1999(E)

following are outside the scope of this AIC:
— 2D geometry other than for the definition of a pcurve in the parameter space of\a-surfaq
— bounded curves other than polylines and B-spline curves;
— bounded surfaces other than B-spline surfaces;

— offset curves and surfaces.

.2 EXPRESS short listing

b clause specifies the EXPRESS schema that uses elements from the integrated resources
S, entity specializations, and functions that are specific to the EXPRESS short listing of th

IOTE 1 - There may be supertypes and items of select lists that appear in the integrated resour
mported into the AIC. Constructs are eliminated.from the subtype tree or select list through the use
nterface rules of ISO 10303-11. References to eliminated constructs are outside the scope of the

5 application interpreted construct prevides a consistent set of geometric and topological ¢
nition of a face with fully defined geometry and explicit topology defining the boundaries. The
ps of face geometry include glementary surfaces and B-spline surfaces. Edges are requirg
metry defined by curves, which may inclpdearves.

highest level entity inithis AIC @&lvanced_facewhich is a specialised subtypefate_surface(ses
03-42). The rules.an this entity ensure that the aggand geometry are fully defined.

IEMA aic_tepologically_bounded_surface;

E FROM:geometry_schema ( --1SO 10303-42
Xis2, placement_2d,
Xis2_‘placement_3d,

USDSDE

€,

and contains the
s AIC.

ces that are not
of the implicit
AIC.

ntities for the

permissible
ed to have their

ISO

pzier _curve

bezier surface,
b_spline_curve_with_knots,
b_spline_surface_with_knots,
cartesian_point,

Ci

rcle,

conical_surface,
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'OQ.E

cylindrical_surface,
degenerate_toroidal_surface,
direction,

ellipse,

hyperbola,

line,

parabola,

©I1SO

Curve,
ane,

Dlyline,
llasi_uniform_curve,
Llasi_uniform_surface,
itional_b_spline_curve,
itional_b_spline_surface,
bherical_surface,
Irface_curve,

irface_of linear_extrusion,
irface_of revolution,
vept_surface,
roidal_surface,
hiform_curve,
hiform_surface,

bctor);

< CCTZTNOVLLLULNITOOTTO

E FROM topology_schema(
dge_curve,

Hge_loop,

dce_bound,
dce_outer_bound,
dce_surface,

Ath,

brtex_loop,

briex_point);

< <T

E FROM representation_schemay
efinitional_representation,

USE FROM measure_schema

(pprameter_value);

NOTES

geometry_schema
topology_schema
representation_schema
measure_schema

436

Hrametric_representation_contéext);

ISO 10303-42
ISO 10303-42
ISO 10303-43
ISO 10303-41

--1SO 10303-42

--1SO 10303-43

--1SO 10303-41

4 - The entitiepath andswept_surfaceare explicitly interfaced (i.e. included in the USE FROM lists
rules Within theadvanced_faceentity to @cess attributes of these entities.

to allow
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F.6.2.1 aic_topologically _bounded_surface entity definition: advanced_face

An advanced_faces a special subtype fdice_surfacewhich has additional constraints to ensure that the
geometry is directly and completely defined. Tduvanced_faceis the top level entity which is used to
formulate the precise meaning of a topologically bounded surface corresponding to the scope of this AIC.

qg

NOTE 1 - An application protocol that uses this AIC may ensure tifateentity is instantiated

dvanced face

EXIPRESS specification

*

ENT
SU

[ITY advanced_face
BTYPE OF (face_surface);

WHERE
WR1 : SIZEOF

(TAIC_TOPOLOGICALLY_BOUNDED_SURFACE.ELEMENTARY _SURFACE/,
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.B_SPLINE_SURFACE!,
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.SWEPT_SURFACE' *

TYPEOF(face_geometry)) = 1;
R2 : SIZEOF(QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE"LOOP' IN
TYPEOF(bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\pathedge_list |
NOT('AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_CURVE' IN
TYPEOF(oe.edge_element)))) = 0))) = 0;
R3 : SIZEOF(QUERY (elp_fbnds <* QUERY (brids <* SELF.bounds |
'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_LOOP' IN
TYPEOF(bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT (SIZEOF ([AIC_TOPOLOGICALLY_BOUNDED_SURFACE.LINE',
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.CONIC',
'AIC_TOPOLOGICALLY BOUNDED_SURFACE.POLYLINE,
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.SURFACE_CURVE/,
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.B_SPLINE_CURVET *
TYPEOF(oe.edge_element\edge_curve.edge_geometry)) = 1)
)) =0))) =0;
R4 : SIZEOF(QUERY(elp_fbnds <* QUERY (bnds <* SELF.bounds |
'‘AIC_TOPOLQGICALLY_BOUNDED_SURFACE.EDGE_LOOP' IN
TYPEOF(bnds.bound)) |
NOT(SIZEOF(QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT (((!AIC_TOPOLOGICALLY_BOUNDED_SURFACE.VERTEX_POINT' IN
TYREOF(oe.edge_start)) AND
("AIC_TOPOLOGICALLY_BOUNDED_SURFACE.CARTESIAN_POINT' IN
TYPEOF(oe.edge_start\vertex_point.vertex_geometry)))) AND

(CAIC_ TOPOLOGICALLY _BOUNDED_SURFACE.VERTEX_POINT' IN

T DEOEL AN AN

LI I'I:\JI_\UC CUHC Tl IU)) AIND
('AIC_TOPOLOGICALLY_BOUNDED_SURFACE.CARTESIAN_POINT" IN
TYPEOF(oe.edge_end\vertex_point.vertex_geometry)))
)) =0))) =0;

WR5 : SIZEOF(QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |

'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_LOOP' IN
TYPEOF(bnds.bound)) |

as an
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'‘AIC_TOPOLOGICALLY BOUNDED_SURFACE.ORIENTED_PATH' IN
TYPEOF(elp_fbnds.bound))) =
WR6 : (NOT (‘AIC_ TOPOLOGICALLY BOUNDED_SURFACE. SWEPT_SURFACE' IN
TYPEOF(face_geometry))) OR
(SIZEOF (['AIC_TOPOLOGICALLY_BOUNDED_SURFACE.LINE',
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.CONIC',
'AIC_TOPOLOGICALLY BOUNDED SURFACE.POLYLINE!,

©I1SO

"AIC_TOPOLOGICALLY_BOUNDED_SURFACE.B_SPLINE_CURVE'|*
TYPEOF(face_geometry\swept_surface.swept_curve)) = 1);
WR7 : SIZEOF(QUERY (vlp_fbnds <* QUERY (bnds <* SELF.bounds |
'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.VERTEX_LOOP' IN
TYPEOF(bnds.bound)) |
NOT(('AIC_TOPOLOGICALLY_BOUNDED_SURFACE.VERTEX_POINT' IN
TYPEOF(vip_fbnds\face_bound.bound\vertex_loop.loop_vertex)) AND
('AIC_TOPOLOGICALLY_BOUNDED_SURFACE.CARTESIAN_POINT' IN
TYPEOF(vip_fbnds\face_bound.bound\vertex_loop.
loop_vertex\vertex_point.vertex_geometry))
)) =0;
WIR8 : SIZEOF (QUERY (bnd <* SELF.bounds |
NOT (SIZEOF(['AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_LOOP",
'AIC_TOPOLOGICALLY_BOUNDED_SURFACE.VERTEX LOOP]*TYPEOF(bnd bound))
=1)))=0;
WR9 : SIZEOF(QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_LOOP' IN
TYPEOF(bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\pathiedge_list |
('AIC_TOPOLOGICALLY_BOUNDED_SURFACESURFACE_CURVE' IN
TYPEOF(oe.edge_element\edge_curve.edge_g&ometry)) AND
(NOT (SIZEOF (QUERY (sc_ag <*
oe.edge_element\edge_curve.edge_geometry\
surface_curve.associated_geometry |
NOT ('AIC_TOPOLOGICALLY_BOUNDED_SURFACE.PCURVE' IN
TYPEOF(sc_ag)))) = 0)))) = 0))) = 0;
WIR10 : ((NOT (AIC_TOPOLOGICALLY BOUNDED SURFACE.SWEPT_SURFACE' IN
TYPEOF(face_geometry))) OR
((NOT ('AIC_TOPOLOGICALLY_ BOUNDED_SURFACE.POLYLINE' IN
TYPEOF(face_geometry\swept ‘surface.swept_curve))) OR
(SIZEOF(face_geometry\swept_surface.swept_curve\polyline.points)
< 3))) AND
(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'‘AIC_TOPOLOGICALLY_BOUNDED_SURFACE.EDGE_LOOP' IN TYPEOF(bnds.bound))

NOT (SIZEOE(QUERY (oe <* elp_fbnds.bound\path.edge_list |
(AIC_TOPOLOGICALLY_BOUNDED_SURFACE.POLYLINE' IN
TYPEOF(egiedge_element\edge_curve.edge_geometry)) AND

(NOT (SIZEOF (oe.edge_element\edge_curve.edge_geometry\

polyllne points) < 3)))) = 0))) = 0);

END_ENFITY;

(*

Formal propositions

WR1: The geometry used in the definition of thee shall be restricted. The face geometry
shall be arelementary_surface swept_surface orb_spline_surface
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WR2: The geometry of all bounding edges of fdee shall be fully defined asdge_curvs.

WR3: The types of curve used to define the geometry of edges shall be restiiickes] tmnics, polylines,

surface_curves, orb_spline_curves.

WR8: The face bounds shall be defined by eitége _loog orvert€x_loors.

WR9: If a surface_curveis used as part of a face bound thenassociated_geometnattribute
refgrencepcurves notsurfaces.

WRJ10: If a polyline is used either to definesaept_surfaceor as part of a face bound, it shall contai
thrge points.

%)
ENID_SCHEMA; -- end AIC_TOPOLOGICALLY_BOUNDED_SURFACE SCHEMA
(*

F.7 Application interpreted construct 512: Faceted boundary representatiq
F.{1.1 Scope
Thig application interpreted construct specifies the interpretation of the integrated resources in g
the requirementsfor the description of a three dimensional shape by means of a boundary repre:

with planardaces and implicit straight line edges; and for the composition of one or more suc
faceted_brep_shape_representation

| by a

i

| be of

i the

shall

1 at least

rder to satisfy
sentation model
N shapes as a
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The following are within the scope of this AIC:
— 3D geometry;

— B-reps;

+ B-rep models;

+ faceted B-reps;

+ polyloops, used to bound faces in a faceted B-rep;
+ unbounded geometry;

+ use of topology to bound geometric entities;

— geometric transformations.

The following are outside the scope of this AIC:

— 2D geometry;

— bounded curves;

— curved surfaces including B-spline surfaces;

— offset curves and surfaces.

F.7.2 EXPRESS shortisting

Thig clause specifies the EXPRESS schema that uses elements from the integrated resources gnd contains the
types, entity specialjzations, rules, and functions that are specific to the EXPRESS short listing of this AIC.

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resourges that are not
imported inta'the AIC. Constructs are eliminated from the subtype tree or select list through the use [of the implicit
interface-rutes of ISO 10303-11. References to eliminated constructs are outside the scope of the AIC.

Thig @pplication interpreted construct provides a consistent set of geometric and topological gntities for the
definifion of manifold solid models with planar faces and impIicitly defined edges and vertices. The faces of
the B-rep modek are bounded byoly loops and each face is required to have an explicit outer bound.

The highest level entity in this AIC is tHaceted brep_shape_representation This is ashape_-
representation(see: 1ISO 10303-41) consistingfateted_bres andmapped_itens defined as translated or
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transformed copies dhceted_brefs.

*

SCHEMA aic_faceted_brep;
USE FROM geometry_schema( --1SO 10303-42

C Al tCDIGI I_lJUII LLY)

gxis2_placement_3d,
dartesian_transformation_operator_3d,
glementary_surface,

plane);

SE FROM topology_schema( --1SQ,10303-42
poly_loop,

face surface,

face bound,

face outer_bound,

dlosed_shell,

griented_closed_shell);

SE FROM geometric_model_schema( --1SO 10303-42
Qrep_with_voids,

rmanifold_solid_brep,

faceted_brep);

USE FROM representation_schema --1SO 10303-43
(mhapped_item);

USE FROM product_property_representation_schema --1S0O 10303-41
(3hape_representation);

NOTES
4 - The entitymanifold_solid_brep'is explicitly interfaced (i.e. included in the USE FROM lists) to enable
dompilation of the functiomsb.shel. The entityelementary_surfaceis explicitly interfaced to allow
faceted_brep_shape_representatioto access attributes of this entity.

3 - The schemas referenced above can be found in the following parts 11388

geometric_‘model_schema ISO 10303-42
geometry{schema ISO 10303-42
topolegy” schema ISO 10303-42
représentation_schema ISO 10303-43

product_property representation_schema ISO 10303-41

F.7.2.1 aic_faceted brep schema entity definition: faceted brep shape_-
representation

Thefaceted_brep_shape_representatiois a subtype of shape representation in which the representation
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items are specialisations faiceted_brepentities. These differ from the more general B-rep in having only
planar faces and implicit edge geometry.

NOTE - An application protocol that uses this AIC may ensure tehfpe_representatiorentity is
instantiated as faceted_brep_shape_representation

EXRRESS specification:

*

ENTITY faceted_brep_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1 : SIZEOF (QUERY (it <* SELF.items |
NOT (SIZEOF(['AIC_FACETED_BREP.FACETED_BREFP",

'AIC_FACETED_BREP.MAPPED_ITEM!,
'AIC_FACETED_BREP.AXIS2_PLACEMENT_ 3D *
TYPEOF(it)) = 1))) = 0;

2 : SIZEOF (QUERY (it <* SELF.items |
SIZEOF(['AIC_FACETED_BREP.FACETED_BREFP/,
'AIC_FACETED_BREP.MAPPED_ITEMY * TYPEOF(it)) = 1)) 3.0;

WR3 : SIZEOF (QUERY (fbrep <* QUERY ( it <* SELF.items |

'AIC_FACETED_BREP.FACETED_BREP' IN TYPEOF(it)){

NOT (SIZEOF (QUERY (csh <* msb_shells(fbrep, 'AIC -FACETED_BREP") |

NOT (SIZEOF (QUERY (fcs <* csh.cfs_faces |
NOT (('AIC_FACETED_BREP.FACE_SURFACE' IN‘TYPEOF (fcs)) AND
((AIC_FACETED_BREP.PLANE' IN TYPEOF
(fcs\face_surface.face_geometry)) AND
(AIC_FACETED_BREP.CARTESIAN_POINT,IN TYPEOF (
fcs\face_surface.face_geometry\
elementary_surface.position.location))))))
=0))) = 0))) = 0; _ _

WR4 : SIZEOF (QUERY (fbrep <* QUERY- (it <* SELF.items |

'AIC_FACETED_BREP.FACETED~BREP' IN TYPEOK(it)) |

NOT (SIZEOF (QUERY (csh <* msb_shells(fbrep, 'AIC_FACETED_BREP") |

NOT (SIZEOF (QUERY (fcs'<* csh.cfs_faces |

NOT (SIZEOF (QUERY (bnrds <* fcs.bounds |

'AIC_FACETED_BREP:FACE_OUTER_BOUND' IN TYPEOF(bnds)))
=D)=0)=0)=0; _ _

WRS5 : SIZEOF (QUERY' (msb <* QUERY (it <* SELF.items |

'AIC_FACETED."BREP.MANIFOLD_SOLID_BREP' IN TYPEOK(it)) |

'AIC_FACETED_BREP.ORIENTED_CLOSED_SHELL' IN
TYPEOE-(msb\manifold_solid_brep.outer))) = 0;

WR6 : SIZEOE (QUERY (brv <* QUERY (it <* SELF.items |

'‘AIC_FACETED_BREP.BREP_WITH_VOIDS' IN TYPEOK(it)) |

NOT(SIZEOF (QUERY (csh <* brv\brep_with v0|ds voids |

cshieriented_closed_shell.orientation)) = 0))) =

WRZ7“SIZEOF (QUERY (mi <* QUERY (it <* SELF. |tems |

'AIC_FACETED_BREP.MAPPED ITEM' IN TYPEOF(it)) |
NOT (AIC_FACETED_BREP.FACETED_BREP_SHAPE_REPRESENTATION' IN
TYPEOF(mi\mapped_item.mapping_source.mapped_representation))))
= 0;
END_ENTITY;
(*

w

bl
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Formal propositions

WR1: Theitems attribute of theepresentationsupertype may contafaceted_brefs, mapped_itens and
axis2_placement_3d only.

VR7).

for each

oriented

WR6: If the manifold_solid_brepis also abrep_with_voids then eacishell in the voids set shall be an
orignted_closed_shelwith orientation value FALSE.

WR7: If a mapped_item is included in theitems set\then themapped_representation of| the
mapping_sourceattribute shall be faceted brep_shape “representation

NOTE 2 - If acartesian_transformation_operator_3dis included asmapped_item.mapping_targetwith an
gxis2_placement_3d that corresponds to the original coordinate systgm as
mapped_representation.mapping_origin then-the resultingnapped_item is a transformed copy |of the
faceted_brep_shape_representatiohe precise definition of the transfoation, including translation, rgtation,
qcaling and, if appropriate, mirroring, is'given by the transformation operator.

F.71.2.2 aic_faceted brep function definition: msb_shells

Thig function determines the set of elbsed_she#l used in the definition of manifold_solid_brep. Special
proyision is made for thierep_with_voids subtype

EXIPRESS specification

*

FUNICTIONmsb_shells (brep: manifold_solid_brep;
schema_name : STRING) :
SET [1: ’)] OF closed_shell;
IF (schema name+ BREP WITH VOIDS IN TYPEOF (brep)) THEN
I"(I: I UI"(N \UIUP\UIUIJ VVII.II VUIUD VUIUb T Ulﬁp UUI.UI)
ELSE
RETURN([brep.outer));

END_IF;
END_FUNCTION;
(*
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Argument definitions

brep: (input) A manifold_solid_brep for which a set oflosed_shelcomponents is required.

sch
res
*)

ENI
(*
F.§
F.§
Thi
sati
B-rg
with
Thig
F.§

The

©I1SO

EMe_Tame A STRING giving theTrarme of theschemea to witittp-tetongs:

Iit:(output) A SET of all thelosed_shefl used to definbrep.

D SCHEMA,; -- end AIC FACETED BREP SCHEMA

b Application interpreted construct 514: Advanced baundary represents:

.1 Scope

5 application interpreted construct specifies the interpretation of the integrated resources ir
sfy the requirement for the definition of an advanced beundary representation model. An a
bp model is a representation composed of one or mandold_solid_breps each of which is def
elementary geometry or sculptured geometry.

5 AIC is independent of any industrial application domain.

.2 ltemized scope

following are within the scope. of-this AIC:

— 3D geometry;
— B-reps;
— B-rep madels;

— B-spline curves and surfaces;

ation

order to
jvanced
ned

conics

ToOTHooT

— elementary curves;

— elementary surfaces;
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— geometric transformations;
— polylines;

— pcurves;

+ sculptured surfaces;
+ surface curves;
+ swept surfaces;
—+ twisted curves;

+ unbounded geometry;

— use of topology to bound geometric entities.

The following are outside the scope of this AIC:

— 2D geometry other than for the definition of a peurve in the parameter space of a surfadge;

— bounded curves other than polylines and:B—spline curves;

— bounded surfaces other than B-spline’ surfaces;

— offset curves and surfaces.

F.8.3 EXPRESS shortlisting

Thig clause specifies the EXPRESS schema that uses elements from the integrated resource$ and contains
theltypes, entity speeializations, rules, and functions that are specific to the EXPRESS short l{sting of this
Alg.

NOTES

1 - There may be subtypes and items of select lists that appear in the integrated resources that arfe not imported
into-the AIC. Constructs are eliminated from the subtype tree or select list through the use of the inplicit
imerface Tutes of TSO 10303-1 1 References 1o etfiminated CoNSIructs are outside the scope of theAlC.

2 - This AIC uses all the entities and types from the topologically bounded surface AIC
(aic_topology_bounded_surface AIC 511 should be referred to in order to obtain the complete data set.
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*

SCHEMA aic_advanced_brep;

USE FROM aic_topologically_bounded_surface; -- Annex F

USE FROM geometry_schema( --1SO 10303-42

USE FROM representation_schema --1SO 10303-43

USE FROM product_property_representation_schema --1SO 10303-41
(3hape_representation);

F.8.3.1 aiciadvanced brep schema entity definition: advanced_brep_s
representation

Thgadvanced brep shape representatian a subtype gfhape representatiorin which the represe

USE FROM geometric_model_schema( --1SO 10303-42
N
b

US
closed_shell,
c
(o)

cartesian_transformation_operator 3d,
gEometric_representaiion_contex);

anifold_solid_brep,
fep_with_voids);

E FROM topology_schema( -- 1SQ,210303-42

bnnected_face_set,
riented_closed_shell);

happed_item);

NOTES

3 - Theconnected_face_segntity is explicitly interfaced (i.e. included in the USE FROM lists) to allo
theadvanced_brep_shape_representatioantity-10 @cess attributes of this entity. For the use of this
gntity may be instantiated as one of its subtypes.

4 - The schemas referenced above,can-be found in the following parts 1338

aic_topologically _bounded_ Surface Annex F
geometry_schema ISO 10303-42
geometric_model_schema ISO 10303-42
topology_schema ISO 10303-42
representation_sctiema ISO 10303-43

product_property representation_schema ISO 10303-41

©I1SO

v rules in
AIC, this

hape -

ntation

items are specialisations of manifold solid brep entities. These differ from the more general B-rep in having
only explicit geometric forms for their faces and edges. The face geometry is restricted to elementary surfaces,
swept surfaces or B-spline surfaces.

NOTE - An application protocol that uses this AIC may ensure thathiduge representatiorentity is instantiated
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as anadvanced_brep_shape_representation

EXPRESS specification

)

ENT

ITY advanced brep shape representation

SU
W
\

—

ENI

For

BTYPE OF (shape_representation);

HERE

VR1: SIZEOF(QUERY (it <* SELF.items | (NOT (SIZEOF([
'AIC_ADVANCED_BREP.MANIFOLD_SOLID_BREP',
'AIC_ADVANCED_BREP.FACETED_BREP',
'AIC_ADVANCED_BREP.MAPPED_ITEM!,

'AIC_ADVANCED_BREP. AXISZ_PLACEMENT_3D‘] * TYPEOFR(it)) = 1)) ))

=0;
VR2: SIZEOF(QUERY (it <* SELF.items | (SIZEOF([
'‘AIC_ADVANCED_BREP.MANIFOLD_SOLID_BREP',
'AIC_ADVANCED_BREP.MAPPED_ITEM1] * TYPEOF(|t)) =1)))>0Q;
VR3: SIZEOF(QUERY ( msb <* QUERY (it <* SELF.items |
('AIC_ADVANCED_BREP.MANIFOLD_SOLID_BREP' IN TYPEOK(it)) ) |
( NOT (SIZEOF(QUERY ( csh <* msb_shells(msb,
'‘AIC_ADVANCED_BREP") | (NOT (SIZEOF(QUERY ( fcs <*.csh\
connected_face_set.cfs_faces | (NOT (
'AIC_ADVANCED_BREP.ADVANCED_FACE' IN TYPEQF(fcs))) )) = 0)) )
=0)))) =0;
\VR4: SIZEOF(QUERY ( msb <* QUERY (it <* SELF.items’|
('AIC_ADVANCED_BREP.MANIFOLD_SOLID_BREP' IN TYPEOF(it)) ) |
( 'AIC_ADVANCED_BREP.ORIENTED_CLOSED' SHELL' IN TYPEOF(msb\
manifold_solid_brep.outer)) )) = 0;
VR5: SIZEOF(QUERY ( brv <* QUERY (it <* SELF.items |
('AIC_ADVANCED_BREP.BREP_WITH_VOIDS' IN TYPEOF(it)) ) | (NOT
(SIZEOF(QUERY ( csh <* brv\brep_with_voids.voids |
( csh\oriented_closed_shell.orientation))) = 0))))

=0;

VR6: SIZEOF(QUERY ( mi <* QUERY (it <* SELF.items |
('AIC_ADVANCED_BREP.MAPPED_ITEM'IN TYPEOK(it)) ) | (NOT
('AIC_ADVANCED_BREP:ADVANCED_ BREP_SHAPE_REPRESENTATION' IN

TYPEOF(mi\mapped_item.mapping_source.mapped_representation))) ))

b ENTITY;

mal propositiofis

WR
and
face

1: Theitems attribute of the representation supertype may containifold_solid_breps, mapped _i
axis2._placement_3d only. Afaceted_brepis excluded from thgems set since this would be
rted\brepand of typemanifold_solid_brep.

ISO 10303-207:1999(E)

ens
of type

WR2: At least one item in thtems set shall be ananifold_solid_brep entity or amapped_item(see also
WRS).

WR3: For eachmanifold_solid_brepin theitems set each face shall be advanced_faceThis ensures that

447


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E) ©l

the following conditions are met:

a) Eaclfaceis aface_surface

SO

b) Each face_surface has its geometry defined by aementary surface swept surfaceor a

[«

f) No loop used to defineface_boundshall be of the oriented subtype:
WR4: For eaclmanifold_solid_brep in theitems set the outer shell attribute shall not be of the
subtype.
WR5: If a brep_with_voids is included in thétems sétthen each shell in the voids set sh

orie

WR

mapping_sourceattribute shall be aadvanced brep_shape_representation

\
g
t
g
t

F.§
)

Thig
pro

g polyline or a b spline_curve

—splime_surface
) The edges used to define the boundaries datasshall all be of typedge_curve

) Eachcurve used to define the geometry of thees and face bounds shall be eith&oaic, or alin

nted_closed_shelwith orientation value FALSE,

6: If a mapped_item is included in theitems set then themapped_representation of

IOTE 2 - If acartesian_transformation_operator_3dis included asnapped_item.mapping_targetwit
nen the resultingrapped_itemis a transformed copy of tleelvanced_brep_shape_representatiohe pi

efinition of the transfenation~including translation, rotation, scaling and, if appropriate, mirroring,
ne transformation operator.

.3.2 aic_advanced_brep schema function definition: msb_shells
IOTE - The fdnction below is common to all B-rep AICs.

function.determines the set of etbsed_shefl used in the definition of manifold_solid_brep. Sp
/ision\is made for thierep_with_voids subtype.

) Theedges used to define the face boundaries shall all be trimmed by Nertices ofdstp&_poit.

e or

oriented

all be an

the

h an

xis2_placement_3aorresponding to.the original coordinate systemmagped_representation.mapping_origin

ecise
s given by

ecial

EXPRESS Specification

*

FUNCTION msb_shells (brep: manifold_solid_brep;

schema_name : STRING) :
SET [1:?] OF closed_shell;
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F (schema_name + ".BREP_WITH_VOIDS' IN TYPEOF (brep)) THEN
RETURN (brep\brep_with_voids.voids + brep.outer);

ELSE

RETURN([brep.outer));

END_IF;
END_FUNCTION;

(*

Arg

ISO 10303-207:1999(E)

Lment definitions

bre
sch
res
*)

ENI
(*

Thi
rep

The

The

.9 Application interpreted construct 515: Constructive solid geometry

9.1 Scope

D: (input) A manifold_solid_brepfor which a set otlosed_shelcomponents is required.
ema_name A STRING giving the name of the schema to witiokp belongs.

Iit: (output) A SET of all thelosed_shefl used to definbrep.

D_SCHEMA, -- end AIC_ADVANCED_BREP SCHEMA

5 part of ISO 10303 specifies the interprétation of the integrated resources to satisfy req
esentation of product shape using constructive solid geometry.

following are within the scope of this part of ISO 10303:

solid primitives such as sphere, right circular cone, right circular cylinder, and torus;
regularised boolean-eperations of union, intersection, and difference on solid primitives an
solids such as advanced and faceted boundary representation (B-rep) solids, half-space s
area solids (extruded area solids, revolved area solids);

boolean results generated by applying operators to solids.

following are outside the scope of this part of ISO 10303:

uirements for

d general
plids, and swept

P aatr: it .
J UCUI HNCuIC TImtc o,

self-intersecting geometry;

evaluation of csg models to generate B-rep models.
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F.9.2 EXPRESS short listing

©I1SO

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the
types, entity specializations, and functions that are specific to this part of ISO 10303.

%)
SCH

USH

OTE 1 - There may be subtypes and items of select lists that appear in the integrated resour
ported into the AIC. Constructs are eliminated from the sulitgeeor select list through the use of the
hterface rules of ISO 10303-11. References to eliminated constructs are outside the scope of thq

HIEMA aic_csg;
E FROM aic_advanced_brep;
E FROM aic_faceted_brep;

EF FROM geometric_model_schema
block,
oolean_operand,
oolean_operator,
oolean_result,
ox_domain,
oxed_half_space,
Sg_primitive,
sg_select,

sg_solid,
alf_space_solid,
ght_angular_wedge,
ght_circular_cone,
ght_circular_cylinder,
olid_replica,

phere,

Drus,
xtruded_area_solid,
pvolved_area_solid);

E FROM geometry .sehema
peometric_representation_item,
jeometric_representation_context,
hxisl_placement,
hxis2_placement_3d,

Cartesiany point,

Hirection);

es that are not
implicit
e AIC.

us

E FROM representation_schema(mapped_item);

USE FROM
product_property_representation_schema(shape_representation);

(*
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F.9.2.1 aic_csg entity definition: csg_shape representation
A cpg_shape_representatiors a three-dimensionahape_representatiorwhich-repesents the shgpe of a

profluct using constructive solid geometry operations and techniques. 'The solid objects ised may be
prinitives, faceted B-rep solids, or advanced B-rep solids.

EXIPRESS Specification:

NOTE 2 - The schemas referenced above can be found in the following partsiéfag®

aic_advanced_brep ISO 10303-514
aic_faceted_brep ISO 10303-512
geometric model schema ISO 10303-42
geometry_schema ISO 10303-42
representation_schema ISO 10303-43
product_property representation_schema ISO 10303-41

NOTE - An application protocol that uses this AIC may ensure thathidyge representatiorentity is
instantiated as esg_shape_representatian

*

ENTITY csg_shape_representation
SUBTYPE OF (shape_representation);

o<

=

WR3 : SIZEOF (QUERY (it <* SELF.items |
[«

WR4 : SIZEOF (QUERY (it <* SELF.items |

HERE
R1: SELF.context_of items\
eometric_representation_context.coordinate_space_dimension = 3;

R2 : SIZEOF (QUERY (it <* SELR.items | NOT
SIZEOF([AIC_CSG.CSG_SOLID'; 'AIC_CSG.EXTRUDED_AREA_SOLID;,
'AIC_CSG.REVOLVED_AREA:- SOLID' "AIC_CSG.SOLID_REPLICA,
'AIC_CSG.MAPPED_ITEM \'AIC_CSG.AXIS2_PLACEMENT 3D]*TYPEOF(It))

=0

IZEOF([AIC_CSG-CSG_SOLID', 'AIC_CSG.EXTRUDED_AREA_SOLID!,
\IC_CSG.REVOLVED AREA_SOLID';AIC_CSG. SOLID REPLICA,
\IC_CSG.MAPPED_ITEMT*TYPEOF(it)) = 1)) >= 1;

AIC_CSG.MAPPED_ITEM' IN TYPEOF(it)) AND NOT
SIZEOF([AIC_CSG.CSG_SHAPE_REPRESENTATION',
AIC_CSG.FACETED_BREP_SHAPE_REPRESENTATION!,

A A ARNNVIARNMAEN NOED QUIADE OO QEANTATIAN I
ATC_COU AUVAINCULU DL _OlNANL_RCFRECOLINTATIVUIN |

TYPEOF(lt\mapped item.mapping_source.mapped_representation)) =1) ))
=0;

END_ENTITY;

END_SCHEMA;

(*

ISO 10303-207:1999(E)
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Formal propositions:

WR1: Thegeometric_representation_contexbf thecsg_shape_representatioshall have @oordinate_-
space_dimensiorequal to three.

WR2: The items in acsg_shape_representationshall be a csg_solid extruded_area ‘solid
revplved_area_solid solid_replica, mapped_item or anaxis2_placement_3d

WR3: At least one of the items in a csg_shape_representation shaltgesalid, extruded area_solid,
revplved_area_solid, solid_replica,or amapped_item

WRA4: If amapped_itemis in the items set then theapped_representationof thesmapping_source aftribute
shall be acsg_shape_representatigna faceted brep_shape_representationor anadvanced_biep_-
shape_representation
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Annex G
(informative)
Application activity model
Theg application activity model (AAM) is provided to aid in understanding the scopeand

reqlirements defined in this application protocol. The model is presented as a set of definitions o

ang
ap

Thdg
Thdg

N

G.

The
SCo

The

Foll
nod
inte)

IC(
Me
arrg
fron
fron
are

G.1

the data and a set of activity figures. The AAM covers activities that go-beyond the s
lication protocol.

viewpoint of the application activity model is that of a sheet metal die designer.
diagrams use the IDEFO activity modelling format.

NOTES - The IDEFO language is described in [2, annex N.

|l Application activity model definitions and abbreviations

following terms are used in the application activity model. Terms marked with an asterisk a
pe of this application protocol.

definitions given in this annex do not supersede the definitions given in the main body of th
pwing each term definition, in parentheses, is the location of the term in the diagram. For

e number is given. For ICOMs, the node number of the highest level activity or activities
racts is given, followed by-the ICOM number designation for that node.

M number designations are the letter "I" for Input, "C" for Control, "O" for Output, of

thanism, followed byza number. By referring to any of the AAM diagrams, it may be seen th
WS entering an-activity box, or node, at the left side afidde. These are assigned numbers sq
N top to bottoga,-for instance, 11, 12, 13. Controls are arrows entering the top of a node, and

N left to right.” Outputs exit the right side of a hode, and are numbered from top to bottom.

arrows-entering the bottom of a node, and are numbered from left to right.

information
f the activities
ibject of this

re outside the

e text.

activities, the
vith which it

"M" for

at inputs are

quentially

are numbered
Mechanisms

edures, and

.1»applicable standards (A21 C5, A232 C4): a reference to established standards, proc

guidelines to be followed during the design of die assemblies or die components to insure adequacy in terms
of safety, timing, strength, quality, appropriate use of standard components including functionality thereof,
subassembilies, interference avoidance, CAD policies, NC machining requirements, production standards,

manufacturability standards and plant, division or corporate conventions.

doc

ument id, section, and page number.

These may be referenced by
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ISO

G.1.2 communicated part design change requestA0 O5): a request for any change to be made to the part
design, required to facilitate the manufacturability or operation of the die, the production of the sheet metal
part, or the pressline automation. These include all the supporting material required to document the problem,
and the status: whether or not it was accepted by the intended department and how far it has progressed through

the process.

Thig is the same as a part design change request, except for the fact that it is communicated. by
with) the part design to those involved in engineering the die and producing die manufactulring ¢

G.1.3 communicated die design change requg#221 O3, A22203): a request for anychange tq
to the die design, required to facilitate the manufacilitsabr operation of the die, the production of t

Thi

Several alternatives may be prepared for review and approval by the customer. The conceptual
incllide the following information: conceptual desiga. drawings, design parameters, automation
component strength requirements, design improvements and modifications, tool design requ
orightation, quick change information, rough-dimensions, pad type, die material, size or weight
safety requirements, and concept design problems. Design improvements and modifications
desjgn process iterations. Design parameters are definitions of functionality and type of die reqy
asgessment of reusable die design-data, which is existing data from previous die designs
oridinated components, such as:standard components. These design parameters may inclu
reglirements, die working height,‘scrap shedding angles, scrap cutter locations, panel location,
parfel sensor locations, interference curves, holding, and stripping pressure.

It m
cre
dat
per

ay include data-ownership information, such as: name, phone number, department, com

tion or processing; who has authority to access or modify; and an ownership history. It mg
I source information, such as: System created on if not manual; file and directory name if no
naps some information on the history of the file, and data on where the file has been or will

G.1
des

.57conceptual die design datgA22 O4): formability quality criteria, and the outline form o
gn/related in-process sheet metal, and process plans. Formability quality criteria are those

those involved
lata.

be made
he sheet

document the
how far it has

e involved with

and other

portions of the die, and possibly including the specification of the sheet metal to be stamped therein.

die design may
riteria, die or
jrements, part
requirements,
are a result of
ired including
and externally
e die clearance
tipping finger,

pany; date of
y also include
manual; and
be sent.

the die
p criteria which
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must be met by a die design in order to ensure that the resulting sheet metal product is of acceptable quality.
The ICOMs within conceptual die design data are:

— conceptual die design;

G.1
for,
and

G.1
des
par
and
the

Thig
des

G.1
des

G.1
MU

—diefacedesign;

— formability quality criteria;

— part process package;

— work in process design;

— pressline sheet metal input specification;

— enhanced part process plan.

.6 conceptualize part manufacture and die functior(A22): creation of, identification of the requit
and analysis of die design and process alternatives, that are then used to arrive at a conce

sculpted surfaces.

.7 conceptualizer die design change reque$f22 0O1): a request for any change to be made
ign, required to facilitate the manufacturability or operation of the die, the production of the

ements
ptual die design

to the die
b sheet metal

s, or the pressline automation. These include all the supporting material required to document the problem,

the status: whether or not it was accepted by the intended department and how far it has pro
process.

b is the same as a die design change request, except the manufacturing person may concey
gn should be and communicate this back and forth to the die designer.

.8 design approval(A21 O3): authorization by a managerial authority that a die face, di
gn, a process plati-or all of the above have achieved a designated state of completion an

.9 design die(A23): the design of die components and die assemblies for those portions g
5t be manufactured, and integration of those designs with the portions of the die already 4

componentssinclude functional, structural or support, and internal die automation elements. O

can

consist of the entire assembly or of one or more subassemblies.

pressed through
tualize what the
b structure

0 correctness.

f the die that

wailable. Die
ie assemblies

G.1.10 design die component(A231): the design of functional, structural or support, and internal die
automation elements. Die components may either be individually detailed stand-alone co
subassemblies.

mponents, or

G.1.11 design die facgA222): creation or identification of all of the data for those surfaces of a die that
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contact the sheet metal being formed in a die. These surfaces are sometimes known as sculpted, or active
surfaces. This activity includes a determination of the formability, that is out of the scope of this AP, and the

tipp

ing angle of the sheet metal part to be formed by the die, that is in scope.

G.1.12 design material handling (A232): the design of the automated portion of material handling within

ap

G.1
req

G.1
req

G.1
han

G.1
die
pre
spe
exit
asi
or |
out
ang

Itin
or |
infol

esstmebutextermattothedies:

.13 design part* (Al): design of a sheet metal part for which sheet metal dies will,subsg
lired.

lirements.

.15 detailed die design datgA23 0O2): the detailed, complete design(of the die and peripher
dling. The contents of detailed die design data are:

— die assembly design;

— die component design;

— die quality characteristics;

— pressline automation selections.

.16 die assembly desigifA233 02): the.complete design of an assembled die, including the
hill of materials, that may consist of .gne or more die subassembly designs. This complete d
5s information: press type, press)force (tonnage), style, size, location, Joint Industry Cot
cification; handling equipment.and press line information; scrap disposal constraints such &
5, and maximum scrap size\allowed; indications of where sculpted and planar areas are t
ndicated by surface finish marks on drawings or layers or colors on CAD drawings; features
pck beads, lock steps, sausages, and metal gain devices; overdraws, trim lines; and the |
flanges. There may be references to subsequent die operations: operation Identifications
les. And the in=process stamping shape may be referenced or included.

cludes data‘ownership information, such as: name, phone number, department, company; d
rocessing; who has authority to access or modify; and an ownership history. It include
rmatian, such as: System created on if not manual; file and directory name if not manual,

info

bquently be

.14 design reviewer (A0 M4): individual with authority to review a desigh for conformpance to

al material

assembled
esign includes
ference (JIC)
ls where scrap
b be machined,
such as draw
pbcations of laid
and approach

ate of creation
5 data source
and possibly

Fration on the history of the file, and data on where the file has been or will be sent.

G.1.17 die component desigr{A231 O4): the design of die components that are assembled to form a die
assembly or subassembly, including the following: the bill of materials for the component; indications of where
sculpted and planar areas are to be machined as indicated by surface finish marks on drawings or layers or
colors on CAD drawings; features such as draw or lock beads, lock steps, sausages, and metal gain devices;
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overdraws, trim lines; and the locations of laid out flanges. The in-process stamping shape may be referenced.

Data ownership information is included, such as: name, phone number, department, company; date of creation
or processing; who has authority to access or modify; and an ownership history. Also included is data source

info
SO

Die
bin

inte
non

G.1]
defi
cas
sud

The
sta
pro
with
itse
spe

Ead
as:
orn

creqted on if not manual; file and-directory name if not manual; and perhaps some information

of t

G.1
thrd
con

e information on the history of the file, and data on where the file has been or will be sent

components may be functional components such as steels, pads, cam components, adapte
lers; die structural or support components such as die shoes, die heels; scrap handlir]
'nal automation components; or fastening selections such as screws and dowels. This desi
hinal casting raw material design. A die component may also be a subassembly.

.18 die design(A21 C1): the designs of the die components and(their assembly. This
hitions of: the die face, sometimes referred to as the active surfaces; the die layout, or scu
tings, steels, gages, guidance systems, lifters, shoes, pressure systems, externally origing

die design may include effectivity of the design, the fpart it produces, or of any portion of

ed as the volume change or coordinated change ‘date, the number of weeks before pra
duction year by or for or during which the design.s to be in use. The die design include
in the die of the material to be formed; the version number of the part to be formed and of
f, a bill of materials for the die; accumulated,engineering change notes and change identif
cifications of the areas to be machined.

h die design includes a status and approval. Each die design also includes data ownership in
hame, phone number, departmeht;*company; date of creation or processing; who has aut
nodify; and an ownership histery. And each die design includes data source information, su
he file, and data on where the file has been or will be sent.

.19 die design and-related datg A0 O2): the cumulative set of die design data, including pf
ugh final work-ahd documenting modifications made along the way. The die design ang
sists of preliminary die design, released die design, and these ICOMs:

— coneeptual die design data;

- detailed die design data;

and perhaps

rs, die, punches,
g components;
gn may include

ncludes the
pted surfaces;
\ted components

h as standard components, cam mechanisms, section layouts, and upper or lower compoments.

the die itself
duction, or the
5 the location
he die design
cations; and

formation, such
hority to access
ch as: System
on the history

eliminary
related data

— die design change notification;

— die design.
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Preliminary die design is a die design that is not yet approved or is incomplete, that is used as information only

and

is subject to change.

Released die design is a completed die design approved for release from the die design department. It may
include die face design, functional component designs, die structural or support component designs, component

bills
info
aut

credqted on if not manual; file and directory name if not manual; and perhaps some information

of t

G.1
ac

G.1
to f
pre

stafus: whether or not it was accepted by the intended department and how far it has progres

pro

Thig
inc

G.1

of materiatinctudingdiemateriat-specification,—anddieassemblydesign—it-includesda
rmation, such as: name, phone number, department, company; date of creation or proceg
hority to access or modify; and an ownership history. It includes data source information, sy
he file, and data on where the file has been or will be sent.

.20 die design change notification(A21 O2): notification that the design ofeither a die com
pmplete die has changed since its prior release.

.21 die design change requediA0 13): a request for any change ta-be made to the die desig
pcilitate the manufacturability or operation of the die, the production of the sheet metal
5sline automation. These include all the supporting materiat required to document the prq

CESS.

b is the same as a conceptualizer die design changedequest, except it may not originate with
pnceptualizing part manufacture and die function.

.22 die design library (A21 C6, A231 C7, A233 C7): a reference to the collection of existing

a ownership
sing; who has
ch as: system
on the history

bonent or

n, required
parts, or the
blem, and the
5ed through the

those involved

externally

originated and standard component designs;reusable die designs, externally originated and stajndard fastening

component designs, and pressline and internal automation components designs. Also may ¢
drapving components such as borders, notes, and title blocks. The library consists of all the varig

as
is tq

G.1
in aj
acc
the
sce
sys
wol

pes, engineering drawings, and-electronic files, that can contain the information. The use of
reduce design time by providing proven past work for incorporation in or checking of pres

.23 die design requestAO I1): request for a die design to be created. It may include the scope
verbal description;.“a purchase order number; the name, organization, and appropriate m
punting sign offs-0f'the requesting party and of the planner; part numbers, production rates
type, serial numbers, quantity, and priority of die required; the delivery date, time, or both;
hario; the-required media of tape, drawing, or disk; manual or electronic mode of creation
tem tosuse; and which output format. This request may be associated with a maximum
Id not’appear on the purchase order.

bntain standard
us media such
such a library
ent work.

of the work
anagement and
and volumes;
the payment
which CAD
cost, but such

G.1.24 die designer(A0 M6): one who designs or who mechanically or electronically drafts the designs for

she

et metal dies.

G.1.25 die face designA23 11, A222 O5): the math data of the face of the die including the tipping angle,
if necessary. The face of the die consists of those surfaces that contact the metal during the forming operation:
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addendum, developed, active, and sculpted surfaces are terms used to describe them. This math data may take
the form of a point array with a reference system, as is obtained by scanning in or gathering by a CMM
machine from a hard master, and may be supplemented by a reference to a hard aid or master, which is a
physical model data source.

be
sta

Itin
or |
infol

sonpe information on the history of the file, and data on where the file hasybeen or will be sent.

G.1

G.1

verify the quality of the die. They include the quality of surfaces, die fixture holding location, 3

poir

matiching surfaces, master control surfaces or datums,-part material, static load, overcrown or pl

spr

G.1
des
des
dep
oW
dire)
file

G.1
the
des

G.1
bas

| gain devices; overdraws, trim lines; the locations of laid out flanges and scrap handlin
eferences to subsequent die operations: operation identifications and approach angles:>An
ping shape may be referenced or included.

cludes data ownership information, such as: name, phone number, department,; company; q
rocessing; who has authority to access or modify; and an ownership_history. It include
'mation, such as: System created on if not manual; file and directory name if not manual,

.26 die process plannerfA0 M5): one who creates or checks die\process plans.
.27 die quality characteristics (A231 O3): the key features.on the part and the die that can
ts to check on the die, typically with a CMM. The specific points to check include tolerances
ngback, placed out or linear overbend, and flange lines.

.28 draft work in process design(A221 O5):a preliminary work in process design that outline
ign in a specific stage of the manufacturing process. Each part design may have many W
igns. A work in process design.includes data ownership information, such as: name, p
artment, company; date of creation or processing; who has authority to access or m
ership history. It also includes data source information, such as: System created on if not ma
ctory name if not manual; /and perhaps some information on the history of the file, and data
has been or will be sent.

.29 engineer die(A2): design of the dies required to produce the sheet metal part, includin
die design, deyveloping the conceptual die design, designing the die and die components, a
gn, and designing the external automation.

.30 enhanced part process plarfA221 O4): the process steps for manufacturing the sheet

incliidevitems such as: material specifications; press force, size, features, type such as toggle

ed an\the type of die required, with the addition of information to enable die design. The infg

sausages, and
. There may
i the in-process

ate of creation
5 data source
and perhaps

be used to
ind specific
dimensions,
hnar overbend,

s the part

ork in process
hone number,
pdify; and an
inual; file and
on where the

g managing
nalyzing the die

metal part
rmation may

bersus transfer;

operational sequence sketch or mickey mouse diagram; name, description, and tool numbers of dies; part
name, number, tipping angle, orientation, quality, grain direction, surface finish; version, change level and
change history for part and die; planner name, supervisor name, approval;, date of process plan.

Data ownership information is included, such as: name, phone number, department, company; date of creation

459


https://standardsiso.com/api/?name=44cc5ba6e714362c6fa19778d5ee610e

ISO 10303-207:1999(E)

©I1SO

or processing; who has authority to access or modify; and an ownership history. Also included is data source
information, such as: System created on if not manual; file and directory name if not
manual; and perhaps some information on the history of the file, and data on where the file has been or will

be sent.

G. - 3t—estimator (A0 M2 ndividuat-who refmesapart process ptam by estmatimg—time;
regbirements, and materials required.

G.1 32 integrate die design(A233): unification of the individual component designs and-verific
thege conform to each other as well as to the given envelope.

G.1.33 invoice (A0 O1): a bill for goods delivered, expenses incurred, servicestendered or all
In the context of this AP, the goods are one or more of: part process plan;.die face design, an

des

I

G.]
Libt

G.1
of
tot

G.1
as

gn; and the services are the time taken to develop those goods.

NOTE - Invoice is in scope only with respect to non-financial data.

.34 libraries (A0 C2): references to part data and pfocess data from previous design
aries includes:

— die design library;
— pressline interface specifications library;
— prototype and developmental die information.

work or release schedule for.the die design process, checking of die designs to verify tha
ne proper standards and(the corresponding part design, and approval of a die design relej

chedule of the werk-required to complete a die design, including die design release schedu

regliired date to start,“Complete, or both, preliminary review date, release dates of related data, a
milgstones; anddwork assignment package.

G.1.37 miechanical handling standardgA232 C4): a reference to standard criteria that guide n

ha

ling. design to ensure its adequacy in terms including those of safety, timing, strength, qualit

COSt, press

ation that

bf the above.
d die structure

S and plans.

.35 manage die desigrfA21): the.assignment and monitoring of personnel and resources, fnaintenance

they conform
hse status.

.36 managerial data(A0 O3): a report of the operating costs, including estimated versus gctual costs;

e that contains
nd intermediate

nechanical
y, appropriate

usqg of standard components and subassemblies, interference avoidance, plant or divisio

| Or corporate

conventions, and scrap handling.

G.1.38 NC programmer (A0 M1): one who generates machine control data for the creation of die face

des

igns, based on supplied designs.
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G.1.39 part design change requesfA3 O1): a request for any change to be made to the part design required

to facilitate the manufacturability or operation of the die, or the pressline information impacted by the
production of the sheet metal part. These include all the supporting material required to document the problem,
and the status: whether or not it was accepted by the intended department and how far it has progressed through
the process.

Thig is the same as the communicated part design change request, except this is the request-that results from
problems encountered by those involved with engineering the die or producing die manufaeturing data, and is
conpmunicated to those involved with the part design.

G.140 part design data(AO O4): all of the information available to die designers©n the design of the part.

Consists of Part Design Change Notification, that is notification of changes sinee’the last part design release,
usdd to inform effectors of downstream activities so they can adjust theiriprocess accordingly or even halt
further development if a change is significant; and the following:

— part design package;

— part quality characteristics.

G.1{41 part design packaggA23 C4): a reference to that‘part design data that needs to be known by the die
desjgners and part process planners who are designing dies and material handling to create the part.

Thi$ package includes the part data, approvalzor release sign off, part process data, part reyision level and
ge information, flat pattern part design, and‘selected material and formability information. It glso includes
the master surface data, that is part design’sculpted surface data intended to be re-used in the design of the dies

ay include effectivity of thepart design, stated as the volume change or coordinated change date, the
nunpber of weeks before production, or the production year by or for or during which the design ig to be in use.
Incjudes indication of the location within the die of the part to be formed; the part number and version number
of the part to be formed; @ bill of materials for the part, likely a single entry; accumulated engingering change
not¢s and change identifications; the orientation, grain direction, surface treatment, surface finish, material
specification, and-allowable alternative material specification of the material from which the part is to be
formed; and indications of the areas to be machined.

If tHe part-gesign has a CAD representation, that CAD design additionally contains: dimensions, tolerances,
sectionqviews, view identifiers, line labels, breaklines, feature lines, matching surfaces, right or left hand id,

welfdtspots, principal locating sections, feature callouts adhesive locations, body grid lines] title block,

approvals, designer, supervisor, department; and relevant dates.

It includes data ownership information, such as: name, phone humber, department, company; date of creation
or processing; who has authority to access or modify; and an ownership history. It includes data source
information, such as: System created on if not manual; file and directory name if not manual; and perhaps
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some information on the history of the file, and data on where the file has been or will be sent.

G.1.42 part process packag€A23 C1): contains the design of a sheet metal part before every die operation,

and the process plan that will carry it all out. The contents of a part process package include:

“—enhanced part process ptar;

— pressline sheet metal input specification;

— work in process design.

G.1f43 part process planner(A0O M3): one who creates or checks part process plans.

G.1.44 part process plan change requestAO O6): a request for changeto a part process plan. Such a

reqliest originates with a die designer who determines that the designZf a die component, deg
handling within and peripherally to a die or integration of the complete die assembly design requ
in the way a part is processed. This change could be one that would correct a manufacturing
as ¢xcessive die wear or metal thinning; or a change couldreduce cost or effort.

ign of material
ires a change
Hifficulty, such

G.145 part process plan draft (AO 12): a draft version of the-factory floor work instructions for manufacture

of the sheet metal part, not including the process steps for designing and manufacturing the S
des the number of dies, their functions and sequence, possible presslines, and proposed chg

G.1.46 part quality characteristics (A23' C4): data related to the quality of the part, used to
qudlity of designed and completed dies. This data includes tolerances, dimensions, surface g
surfaces, part features, master centrol surfaces or datums, required overcrown or planar overbg
out|or linear overbend.

G.1.47 prepare for sheet ‘'metal production(AQ): preparations to make a sheet metal produg
inclliding the preparation’of the part design, the engineering of a die to produce the part, and th
of the data required,to manufacture the die.

heet metal die.
nges. The draft
ion; and may

verify the
lass, matching
end, and placed

tion part,
e development

G.1.48 pressline automation selections(A232 O3): selected values for the pressline parameters or

reglirements. Pressline automation is commonly referred to as being designed to, meaning that
sugh as'‘conveyer belts and robots, is reusable and needs only to be reconfigured, as op

the equipment,
posed to being

redesigned and built from scratch. This eventually becomes part of Released Die Design.

G.1.49 pressline interface specifications library(A221 C3, A232 C8): a reference to the collection of
specifications for part-handling and part stamping machines that may be used to determine how they may be
interfaced with each other to create an integrated and synchronous pressline. This collection may include plant

constraints; for instance, crane capacity may limit the weight allowed for a die.
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The press information may include the press types, press force, styles, sizes, locations, and Joint Industry
Conference (JIC) specifications; plus scrap handling constraints. This library may also include press line
parameters, pressline capabilities, and requirements. Pressline parameters include transfer height, shut height,
mechanical handling and transfer of the part, and interferences between adjacent stations. Pressline
requirements are used for press selection, designing the die, and checking of the die design.

G.1
sub

plapar or nonplanar sheet metal blanks and strip rolls of sheet metal in specific widths and thi

Thi
dep
oW
and
the

G.1

G.1
to
plag

G.1
ma
nun

inpdit to the process, and part material handling requirements.

G.1
stal
die
Critg

Cos

.50 pressline sheet metal input specificatiofA221 O4): the description of the physicahsh
stance of the material that must be procured to feed into the pressline. Possible values-for t

5 description may have included with it data ownership information, suchas: name, ph
artment, company; date of creation or processing; who has authority>te’ access or m
ership history. It may also include data source information, such as: system created on if ng
directory name if not manual; and perhaps some information on the(history of the file, and
file has been or will be sent.

.52 prototype and developmental die information (libraries)(A222 C4): the library information
rototype die designs and in-process die designs~dt includes information derived from har¢
ster, wood, or clay models.

.53 refine part manufacturing process(A221): detding of the machine and process requirer
nufacturing a sheet metal part based*on the type of die required. This includes a detern
hber and sequence of processes, press force requirements, die process requirements, preg

.54 specifications and standardqA0 C1): any standard applicable to die design. Specific
hdards includes cost standards,

material specifications, ‘manufacturing equipment lists, manufacturing standards, part de
bria, part materiakspecifications, and the following:

— applicablestandards;

— mechanical handling standards.

ape and
nis item include
cknesses.

one number,
pdify; and an
t manual; file
lata on where

.51 produce die manufacturing data(A3): the development ofithe data required to manufactlire the die
components and the assembled die. This includes the development of NC and casting data.

elated
| aids such as

hents for
nination of the
sline sheet metal

htions and

sign standard

t'standards are the costs of typical die design tasks, often developed by industrial engineering. Die material

specifications are specifications of various materials and including their quality, thickness, coatings, and
properties used in the die design process, including die material tables, textual description and specification

used for the

source. Manufacturing equipment lists are lists of the existing manufacturing equipment
fabrication of dies, including the location of the equipment in a given enterprise, their process capabilities, and
their availability.
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Manufacturing standards are a collection of established manufacturing procedures, specifications, and

parameters, along with NC documentation and reference manuals, used for generating manufac
manufacturing parts. Part design standard criteria are guidelines and restrictions developed thro
or experiments, that are used by the design staff to increase efficiency and avoid repeated desi

turing data and
ugh experience
gn errors. Part

material specifications are data for available part materials including the physical and chemical properties, plus

- Jal L - - . }
aCCeptagreaiternate matertars:

G.1.55 work assignment packaggA22 C2, A23 C3): information required to schedule the'cre
complete die design. It consists of a Die Design Work Schedule, that is a schedule/af the wg
complete a die design, including die design release schedule, that in turn contains required ¢
complete, preliminary review date, release dates of related data, and intermediate milestones; g
for this particular assignment, description of tasks to be done, required start anc-end dates, ap
datg¢s, and references to applicable documents, personnel assignments, and’resource assigni|

G.156 work in process design/A222 O4): the work in process desigrtis the design of a shee
before every die operation except the initial blanking operation. It may be used to check each ¢
dedign may have many such work in process designs. The work in process design may incly
desjgns. No work in process design exists that corresponds to the output of the final manufactu
desjgn at this stage is the part design as provided in the part design package.

Elements of the work in process design may include features such as draw or lock beads, lock g
and metal gain devices; overdraws, trim lines; the Jocations of laid out flanges and scrap handlin
be feferences to subsequent die operations: operation Identifications and approach angles.

A work in process design includes data ownership information, such as: name, phone numbg
company; date of creation or processing; who has authority to access or modify; and an own|
It intludes data source information, (such as: System created on if not manual; file and directo

manual, and perhaps some infarmation on the history of the file, and data on where the file hd
be sent.

G.2 Application activity model diagrams

The application activity model diagrams are given in figures G.1 through G.5. The graphica

application activity model is presented in the IDEFO activity modelling format. Activities and dat
arelout of scope are marked with asterisks. Data flows which use the ampersand character are
of the indicated data flows.

ation of a

rk required to
jlate to start or
work schedule
blicable release
nents.

metal part

lie. Each part
de flat pattern
ring step. The

teps, sausages,
g. There may

r, department,
ership history.
'y name if not
1S been or will

form of the
h flows that
a concatenation
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