INTERNATIONAL ISO
STANDARD 10303-111

First edition
2007-05-15

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

Part 111:
Integrated application resource: Elements
for the procedural modelling of solid
shapes

Systemes d'automatisation industrielle et intégration — Reprégentation
et échange.de*données de produits —

Partie 111: Ressources d'application intégrée: Eléments pour |a
modeélisation procédurale des formes solides

=S — Reference number
= — ISO 10303-111:2007(E)

© S0 2007


https://standardsiso.com/api/?name=d6bcbbfbe02a725f3817bd7e1f3af311

ISO 10303-111:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPRYRIGHTPROTECTED-DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=d6bcbbfbe02a725f3817bd7e1f3af311

I1ISO 10303-111:2007(E)

Contents
1 Scope . . . e e
2 Normative references . . . . . . . . . . o o e e e
3 Terms, definitions and abbreviations . . . . . . ... ... L Lo
3.1 Terms defined in ISO 10303-1 . . . . . . . . . . . . .. . . . . e
3.2 lIerms defined 1n 1O 10305-11 . . . . . . 0 0 o o o oo,
3.3 Terms defined in ISO 10303-42 . . . . . .. ... ... ... .. 0
34 Terms defined in ISO 10303-43 . . . . . . . . ... ... .. ... ...
3.5 Terms defined in ISO 10303-55 . . . . . . . . ... oSN
3.6 Terms defined in ISO 10303-108 . . . . . . . . .. ... ... ... ....N.....
3.7 Other terms and definitions . . . . . . . ... ... ... ... LoD
3.8 Abbreviations . . . . . ... e D
4 Solidshapeelement . . . . . .. ... ... .. ... .. o0 ) oo
4.1 Introduction . . . . . . . ... L o LN
4.2 Fundamental concepts and assumptions . . . . . . . .. O . . oL
4.3 Solid shape element type definitions . . . . . . .. =X .. ... ... ... ...
4.3.1 basesolidselect . . .. ... ... ... .. QY ... ... ...
432 blend_end_condition_select . . . . . . . . 0N .. ..o
433 generalized_surface select . . . . . . N L. Lo Lo
434 trim_condition_select . . . . . . . SN Lo
435 blend radius_variation_type . .. &% . . . . ...
4.3.6 trim_intent . . . . .. ... NE L
4.4 Solid shape element entity definittens . . . . . . . . . . .. ... ... ... ... ..
4.4.1 modified_solid . . . N ..
442 edge blended solid~x= . . . . . Lo
443 track blended_solid~". . . . . . . .. .. L
444 track_blended.solid_with_end_conditions . . . . . ... ... ... .......
4.4.5 solid_with-Constant radius_edge blend . . . . ... .. ... ... ... ....
4.4.6 solid_with:variable radius_edge blend . . . . . . . ... ... ... .......
4.4.7 solidowith_chamfered edges . . . . . . . . . . . ... ... L .
4.4.8 salid:with_single offset chamfer . . . . . . . ... ... ... ... ... ....
4.4.9 solid_with_double_offset chamfer . . . ... ... ... ... ..........
4.4.100~ solid_with_angle based chamfer . . . . . . . .. ... ... ... ... .....
4431/ surfaced-openshell . . ... ... .. ... ..
4412 sculptured_solid . . . . . ...
4.4.13  sculptured_solid_with_selection . . . ... ... ... ... ...........
44 t4——offsetfacesotd——————— ¥ 0 0/ 0/ 0 0 00 0 0 0 0
4415 shelledsolid . . . . . . . . . . e
4.4.16  double offset_shelled solid . . . . ... ... .. ... ... .. .........
4417 complex_shelledsolid . .. ... ... ... ... ... ... ... .....
4.4.18 modified_solid_with_placed_configuration . . . . . . . ... ... ... .....
4.4.19  solid_with_depression . . . . . . . . .. .. .. ...
4420  solid_with_through_depression . . . . . .. ... ... ... ...........
4.4.21 solid_with_hole . . . . . . . . . . . .. . . ..
4422  solid_with_stepped_round_hole . . . . . .. ... ... ... ... ... .....
4423  conical_stepped_hole_transition . . . . . ... ... ... .o
4424  solid_with_stepped_round_hole_and_conical transitions . . . . . ... ... ...

© 1SO 2007 — All rights reserved

Page


https://standardsiso.com/api/?name=d6bcbbfbe02a725f3817bd7e1f3af311

ISO 10303-111:2007(E)

4425  solid-with_flat_bottom_round_hole . . . . . ... ... ... ... .. ..., 38

4.426  solid_with_spherical bottom_round_hole . . . . . . ... ... .. ... ... 39

4.4.27  solid_with_conical_bottom round_hole . . . . . ... ... ... .. ... ... 40

4428 solid-with_pocket. . . . . . . . ... L 41

4429  solid_with_rectangular_pocket . . . . ... .. ... ... ... .. ... ... . 42

4430 solid-with_circular_pocket . . . . . . ... ... oL 44

4431  solid_with_general pocket . . . .. ... ... ... . ... ... ... ..., 45

4432 solidwithslot . . . . ... 46

44733 solid with straight slot 47

4434  solidwith-curved_slot . . . . . ... ... ... ... ... o o 49

4.435  solid_with_trapezoidal_section_slot . . . . . . . .. .. ... ... ... ..., 49

4436  solid_with_tee_section_slot . . . . . . ... ... ... ... .. . 000 50

4437 solid-with_groove . . . . . . . .. .. N 52

4.438 solid-with_protrusion . . . . . . .. ... L O 54

4439  solid_with_circular_protrusion . . . ... ... ... ... .....608 .... 54

4.4.40  solid_with_rectangular_protrusion . . . . . . . .. ... ... a0 ... 55

4441  solid_with_general protrusion . . . . .. ... ... .. ... ... .... 56

4442  solid-with_shape_element pattern . . . . . .. ... .. .. .. ... .... 56

4443  solid_with_circular_pattern . . . . . . ... ... ... .AN 57

4444  solid_with_rectangular_pattern . . . . . ... ... .%o L. 59

4.4.45  solid_with_incomplete_circular_pattern . . . . . N . ... oo 60

4446  solid_with_incomplete rectangular_pattern . . ~3..". . . . . . . . .. ... ... 61

4447  thickened_face_solid . . ... ... ... XM .. o oL 62

4.4.48  extruded_face_solid_with_trim_conditions~< . . . . . ... oL 64

4.4.49  extruded_face_solid_with_draft_angle s .. . . .. ... ... ... ... ... 67

4.450  extruded_face_solid_with_multiple dfaft_angles . . . . .. ... ... ... ... 67

4.4.51  revolved_face_solid_with_trim_conditions . . . . .. ... ... .. ... .... 68

4.452  auxiliary_geometric_instance.aggregator . . . . . . ... ... ... 70

4.9 Solid shape element function definitions . . . . . . . . . ... . ... ... ... ... 71
45.1 check continuous_edges._). . . . . . . . ... 71

452 compute_total depthy .*. . . . . . ... Lo 72

453 validate_countersink radii . . . . . . ... ... oo 73

Annex] A (normative) Short names of entities . . . . . . . . .. . ... ... ... ... .. 75
Annex| B (normative) Information object registration . . . . . . . .. ... ... ... ... 77
B. Documentidentification . . . . . . ... 77
B.2 Schemaidentification . . . . . . . . .. ... oL 77
Annex| C (informative) Computer interpretable listings . . . . . .. ... ... ... ... .. 78
AnnexB (iufuuuaﬁvc) EXPRESS-6G diaguuub ......................... 79
Annex E (informative) Justification of the modelling approaches taken in this part of ISO 10303 91
E.1 Representation of constructional operations . . . . . . ... ... ... ... 91
E.2 Representation of local shape configurations . . . . . . .. ... ... .. ....... 92
Bibliography . . . . . . L e e e 93
Index . . . . . e e 94

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=d6bcbbfbe02a725f3817bd7e1f3af311

Figures

Figure 1

I1ISO 10303-111:2007(E)

Schema level diagram of relationships between the solid_- shape_element_schema

of this part of ISO 10303 and other resource schemas . . . . .. ... ... ... .....

Figure 2 L-sectionblock . . . . . . . . . . .
Figure 3 L-section block of Figure 2 with constant radius edge blend . . . . . . ... .. ..
Figure 4 A track blended solid with a constant radiusedge blend . . . . . . . .. ... ...
Figure 5 L-section block of Figure 2 with variable radiusedgeblend . . . . . ... ... ..
Figure 6 A track blended solid with end conditions for which the blend radius is variable

Figure 7 Solid with double offset chamfer . . . . ... ... .............. 4. .
Figure 8 Solid with angle based chamfer . . . . . . . ... ... ... . ... . ... .
Figure 9 Solid and generalized surface defining a sculptured solid . . . . . . .. .« V. .. .
Figure 10 The sculptured solid after the partitioning operation . . . . . .. . . N .. .. .
Figure 11 Offsetfacesolid . . . . . . . . . . . . . . . . e e .
Figure 12 Shelledsolid . . . . . . . . . . .. AN .
Figure 13 Cross-section of solid with steppedround hole . . . . . . ., \O7. . . ... ... .
Figure 14 Cross-section of solid with stepped round hole and conical-transitions . . . . . . . .
Figure 15 Bottom conditions for blind round holes . . . . .. . " .. ... .
Figure 16 Solid with rectangular pocket . . . . . . . . . .. S . ... ... ... .
Figure 17 Solid with straight slot, having twoclosedends < .. . . . . .. ... ... ... .
Figure 18 Straight slot with multiple entries and exits from/part material . . . . . . . . . .. .
Figure 19 Trapezoidal and T slot sections . . . . .. oo ..o Lo o .
Figure 20 Solidwith groove . . . ... .. ... %J. . .. ... .. ... ... ... ... .
Figure 21 The effect of radial alignment in solid‘with_circular_pattern . . . . . . . ... .. .
Figure 22 Solid with rectangular pattern . ..~ . . . . . . ... .
Figure 23 Solid with incomplete circular pattern . . . . . . . ... .. oL .
Figure 24 Solid with incomplete rectangular pattern . . . . . . . . . ... .. ... ... .. .
Figure 25 Thickened face solid . ., ™7 . . . . . . . ... .
Figure 26 Extruded face solid withrdraftangle . . . . . . ... ... ... ... ....... .

Figure D.1  solid_shape_elementischema — EXPRESS-G diagram 1 of 11 . . . . ... .. .. .
Figure D.2  solid_shape_element_schema — EXPRESS-G diagram 2 of 11 . . . . ... .. .. .
Figure D.3  solid_shape‘element_schema — EXPRESS-G diagram 3 of 11 . . . . . .. .. .. .
Figure D.4  solid_shapelelement_schema — EXPRESS-G diagram4of 11 . . . ... ... .. .
Figure D.5  solid-shape_element_schema — EXPRESS-G diagram 5of 11 . . . . . .. .. .. .
Figure D.6  solid=shape_element_schema — EXPRESS-G diagram 6 of 11 . . . . .. ... .. .
Figure D.7 <{Splid_shape_element_schema — EXPRESS-G diagram 7of 11 . . . . ... .. .. .
Figure D.8 ¢ solid_shape_element_schema — EXPRESS-G diagram 8 of 11 . . . . . .. .. .. .
Figure D'9*  solid_shape_element_schema — EXPRESS-G diagram 9of 11 . . . . ... .. .. .
Figure D.10 solid_shape_element_schema — EXPRESS-G diagram 10of 11 . . . . . . .. .. .
Figure D.11 solid_shape_element_schema — EXPRESS-G diagram 11 of 11 . . . ... .. .. .

Tables

Al

©1S0 2007 - All

Short names of entities . . . . . . . . . . . . . .. e e

rights reserved


https://standardsiso.com/api/?name=d6bcbbfbe02a725f3817bd7e1f3af311

ISO 10303-111:2007(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (I$OTmember bodies)—The work of preparimg Intermatiomat—Stamdards Ts ormmatty carried out
through I$0 technical committees. Each member body interested in a subject for which a technical com-
mittee haqd been established has the right to be represented on that committee. International organizations;
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates
closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical stan-
dardization.

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

The main|task of technical committees is to prepare International Standards. Draft International Stan-
dards adopted by the technical committees are circulated to the member bodi€s for voting. Publication
as an Intefnational Standard requires approval by at least 75% of the membegr bodies casting a vote.

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

ISO 1030B-111 was prepared by Technical Committee ISO/T'C184/SC4, Industrial automation systems
and integration, Subcommittee SC4, Industrial data.

ISO 1030B is organized as a series of parts, each/published separately. The structure of ISO 10303 is
described|in ISO 10303-1.

Each partjof ISO 10303 is a member of ene of the following series: description methods, implementation
methods, conformance  testing..) methodology and  framework, integrated  generic
resources| integrated application, tesources, application protocols, abstract test suites, application
interpretefl constructs, and apphcation modules. ISO 10303-111 is a member of the integrated appli-
cation respurces series. Thelntegrated generic resources and the integrated application resources specify
a single cpnceptual product’data model.

A complete list of ‘parts of ISO 10303 is available from the following URL:

<http://www.tcl84-scd.org/titles/STEP_Titles.htm>

Vi © IS0 2007 — Al rights reserved
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Introduction

dg¢scribing products throughout their life cycle. This mechanism is suitable not only for neutral file
ange, but also as a basis for implementing and sharing product databases, and as a basis for-archivipg.

This part of ISO 10303 is a member of the integrated resources series. This part of ISON0303 specifies
the solid_shape_element_schema.

Alset of solid modelling shape elements is defined that provide a capability forthe exchange of featre-
based CAD solid models, expressed in terms of the sequence of successive creation or modificatjon
operations used to build them. This kind of representation of a product shape model is referred td as
a|procedural, history-based or construction history model. The essential underlying resource for the
rgpresentation of models of this type is ISO 10303-55, which provides the mechanism for capturing fthe
sqgquence of operations, and defines the intended interpretation{of'the entities defined in this part of [SO
10303 as modelling operations. This part of ISO 10303 contains a single schema, the solid_shape_-

element_schema, which defines a set of complex geometric elements that can be incorporated intp a
sqlid shape model. The relationship of this schema to:ather schemas that define the integrated resourfes
of ISO 10303 is illustrated in Figure 1 using the EXPRESS-G notation. EXPRESS-G is defined in anfiex
Djof ISO 10303-11:2004. The schemas occurring“in Figure 1 are components of ISO 10303 integrated
rgsources, and they are specified in the following resource parts:

support_resource-schema ISO 10303-41
measure_schema ISO 10303-41
geometry_schema ISO 10303-42
topologylschema ISO 10303-42
geometric_model_schema ISO 10303-42
representation_schema ISO 10303-43
mathematical functions_schema ISO 10303-50
explicit_geometric_constraint_schema ISO 10303-108
sketch_schema ISO 10303-108

© IS0 2007 — Al rights reserved vii
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I representation scherna
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I
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Figure 1 — Schema level diagram of relationships between the solid -
shape_element_schema of this part of ISO 10303 and other resource
schemas
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Industrial automation systems and integration — Product data
representation and exchange —

Part 111:

ral

he-
times known as form features, that are supported by the solid modelling capabilities of modern CAD
systems. The elements are defined in such a way as to facilitate the exchange.of solid models of produlcts
represented in terms of their constructional history.

NOTE 1 Procedural or constructional history models of solids can alse include operations based directly|on
entities defined in ISO 10303-42, in particular Boolean operations and opérations based on the various subtypeq of
swept_face_solid and swept_area_solid.

The following are within the scope of this part of ISO_ 10303:

—t the representation of solids having shape comnfigurations resulting from blending and chamfering
operations;

— the representation of solids with.shape configurations resulting from offsetting, thickening, shelling
and sculpturing operations;

—t the representation of solids’having shape configurations characteristic of certain manufacturing fga-
tures, including severaltypes of holes, pockets, slots and grooves;

— the representation‘of solids having circular and rectangular patterns of the types of shape configura-
tions mentioned in the previous item of this list;

— the representation of solids that are generalizations of the solids of extrusion and revolution defied
in ISO 10303-42.

The tollowing are outside the scope of this part of ISO 10303:

— the representation of shape configurations on a model as aspects of the shape of the model, in the
sense defined by ISO 10303-41;

NOTE 2 For design purposes the configurations specified in this part of ISO 10303 are regarded as shape ele-
ments in their own right, and not as local aspects of more complex shapes. These configurations can be created,
subjected to modification and even subsequently deleted during the design process, so that they do not in general
appear in their original form as shape aspects of the final model.

— the representation of features relating to manufacturing or other applications downstream of design.

© IS0 2007 — Al rights reserved 1
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NOTE 3  Such features have associated semantics that are absent from the shape configurations defined in this
part of ISO 10303, which are purely concerned with the form of the modelled object.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.1) - Part 1: Specifi¢a-
tign of basic notation

IS0 10303-1, Industrial automation systems and integration — Product data representation and px-
ange — Part 1: Overview and fundamental principles

0 10303-11:2004, Industrial automation systems and integration — Product.data representation dnd
hange — Part 11: Description methods: The EXPRESS language reference manual

O 10303-41, Industrial automation systems and integration — Product data representation and px-
ange — Part 41: Integrated generic resource: Fundamentals of product description and support

O 10303-42, Industrial automation systems and integration.— Product data representation and px-
ange — Part 42: Integrated generic resource: Geometrit\and topological representation

O 10303-43, Industrial automation systems and integration — Product data representation and px-
ange — Part 43: Integrated generic resource: Representation structures

O 10303-50, Industrial automation systems and integration — Product data representation and px-
ange — Part 50: Integrated genericresource: Mathematical constructs

IS0 10303-55:2005, Industrial automation systems and integration — Product data representation dnd
hange — Part 55: Integrated generic resource: Procedural and hybrid representation

IS0 10303-108, Industrial automation systems and integration — Product data representation and px-

cHange — Part 108y Integrated application resource: Parameterization and constraints for explicit g¢o-
metric product models

3| Terms, definitions and abbreviations

34 Terms-definaedin-I1S0-10303-1
. H1O19999-t

xr TOCT I OCIITITOr

For the purposes of this document, the following terms defined in ISO 10303-1 apply.
— application;

— application context;

— application protocol (AP);

— data exchange;

2 © 1SO 2007 — All rights reserved
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— exchange structure;

— implementation method;
— integrated resource (IR);
— product;

— product data.

3L Terms defined in ISO 10303-11

For the purposes of this document, the following terms defined in ISO 10303-11 apply.
— entity;

— entity data type;

— entity (data type) instance;

— instance;

— value.

3B Terms defined in ISO 10303-42

For the purposes of this document, the following:terms defined in ISO 10303-42 apply.
—t boundary representation solid modgl(B-rep);

—t constructive solid geometry (CSG);

— coordinate space;

— dimensionality;

— model space.

34 Terms defined in ISO 10303-43

F g £18 A s cacaofthic d £ thao £l ¢ edaffnad 1 T
I lJUll.IUDL/D UIUIIS UUCVUITIVIIL, IV TUITUVY 1115 UTIIIS UL I 11 o
— context of representation;
— element of representation;

— representation.

© IS0 2007 — Al rights reserved 3
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3.5 Terms defined in ISO 10303-55
For the purposes of this document, the following terms defined in ISO 10303-55 apply.

— design rationale.

3.6 Terms defined in ISO 10303-108

For the purposes of this document, the following terms defined in ISO 10303-108 apply.

— design intent;

— element;

— feature;

— history-based model;
—t procedural model;

— sketch.

3J7 Other terms and definitions
Fgr the purposes of this document, the following definition applies.

RATA |
track
cdntinuous chain of edges

NOTE The ISO 10303-42 entity path has a similar definition, but requires all the edges in the chain to|be
consistently oriented, which is netarequirement for a track.

38 Abbreviations

For the purposes of\this document, the following abbreviations apply:

AP application protocol (of ISO 10303)
B-rep boundary representation

CAD computer aided design

CSG constructive solid geometry

IR integrated resource (of ISO 10303)

4 © 1SO 2007 — All rights reserved
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4 Solid shape element
4.1 Introduction

The following EXPRESS declaration begins the solid shape element schema and identifies the necessary
external references.

EXPRESS specification:

SCHEMA solid_shape_element_schema;

REFERENCE FROM support_resource_schema -— ISO 10303-41
(text);
REFERENCE FROM measure_schema -— 1SQ) 10303-41

(length_measure,
plane_angle_measure,
positive_length_measure,
positive_plane_angle_measure);

REFERENCE FROM geometry_schema —-— ISO 10303-42
(axis2_placement_3d,

bounded_curve,

bounded_surface,

curve_bounded_surface,

geometric_representation_item,

point,

point_on_curve,

surface);

REFERENCE FROM topology_schema —-—ISO 10303-42
(connected_face_set,

edge_curve,

face_surface,

open_shell,

topological_xepresentation_item,

vertex) ;

REFERENCE ®ROM geometric_model_schema -—ISO 10303-42
(boolean) result,

csg.primitive,

extruded_face_solid,

Primitive_2d,

revolved_face_solid,

solid_model,

swept_face_solid);

REFERENCE FROM representation_schema -—-ISO 10303-43
(representation_item,
using_items);

© SO 2007 — All rights reserved 5
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REFERENCE FROM mathematical_ functions_schema ——-ISO 10303-50
(positive_integer);

REFERENCE FROM explicit_geometric_constraint_schema --ISO 10303-108
(non_negative_length_measure);

REFERENCE FROM sketch_schema -—-ISO 10303-108
(positioned_sketch);
(*

NOTFE- The-schemasreferenced-above-can-befoundin-the-folowin
Tt He-Schehasfetrerehcea e-cah-berodhaHtne+oowWit

support_resource_schema 1SO 10303-41
measure_schema ISO 10303-41
geometry_schema 1SO 10303-42
topology_schema 1SO 10303-42
geometric_model_schema 1SO 10303-42
representation_schema ISO 10303-43
mathematical_functions_schema ISO 10303-50
explicit_geometric_constraint_schema ISO 10303-108
sketch_schema 1SO10303-108

NOTE 2 See annex D for a graphical presentation of this schema using4¢he EXPRESS-G notation.

NOTE 3 A listing of the complete EXPRESS schema specified in this part of ISO 10303, without commentq or
other explanatory text, is available from the Internet — see annex C:

4.2 Fundamental concepts and assumptions

The fundamental types of operation available to-the user of a modern CAD system are

a)l Extrusion and revolution operations_based on 2D sketches;

b)Y Boolean operations, for the gombination of simpler shapes into more complex ones;

c)| ‘Local operations’ that.cteate local modifications on a pre-existing solid.

The use of ISO 1030355, which provides the mechanisms needed for the capture and transfer of proge-
dyral models, allows operations of the types (a) and (b) to be represented by means of entities defined in
ISO 10303-42;.although the range of extrusion possibilities provided there is rather limited.

This part.of ISO 10303 is mainly concerned with operations of type (c). It provides representations for
cqmplex’ geometric elements that can be used to create local modifications of a solid shape model durfng

the-course—of-a-des ocedure- 3 es al ng resource—isI1SO-1030 —whose
primary mechanism is based on the interpretation of an instance of a geometric element, if it occurs in
the specialized context of a procedural_representation_sequence (as defined in ISO 10303-55), as an
instruction to the receiving system to create such an element.

A type (c) operation assumes the pre-existence of a solid that will be modified by the operation. For that
reason, many of the entities defined in the solid_shape_element_schema define a solid that has a new
shape configuration of a specific type created upon it. The shape configurations available are described as
features in the documentation of many CAD systems, but in a strict sense they are not features because
they have no associated application semantics. The system user doubtless has some intended design
functionality in mind when creating such a configuration on the model, but with current systems that

6 © 1SO 2007 — All rights reserved
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intended functionality is not recorded. All that is captured by the system is the modified shape, and so it
is better to think of the operations as shape creation operations rather than feature creation operations.

For the above reason, and also for more technical reasons spelled out in annex E, the use of the word
‘feature’ is henceforth avoided as far as possible in this part of ISO 10303.

NOTE 1 Some of the shape configurations defined in this schema have names that reflect methods of manufacture
that might be used to produce them when the modelled part is actually made. This is because such names are
typically employed in the user interfaces of CAD systems to denote those configurations; their use in this schema
is not intended to imply any manufacturing-related semantics.

EXAMPLE Shape configurations such as slots, grooves, countersunk and counterbored holes provide.illus{ra-
tigns of commonly occurring shape configurations named in terms of manufacturing processes.

Other operations defined in the solid_shape_element_schema are type (a) operations that\generalize the
bdsic extrusion and revolution operations specified in ISO 10303-42.

Some of the entities defined in this schema specify operations which, in the originating system, requifed
the user to select one or more elements from the model as displayed on the 'screen of that system. Infall
such cases, the selection operations are captured and transferred by requiring the originating system| to
trgnsmit explicit representations of the selected entities that enable the'receiving system to reconstrjict
the selection procedure. The mechanism underlying this process is‘fully described in ISO 10303-55, a
krjowledge of which is fundamental to the understanding of this¢art of ISO 10303.

NOTE 2 Proof-of-concept transfers have confirmed that all major CAD systems can support the ISO 10303155
approach for the capture and transfer of user-selected eleménts in exchanges of procedurally defined models.

The initial application context for the shape configdrations defined in this part of ISO 10303 is the defail
dgsign of mechanical engineering parts without complex sculptured geometry. The use of ISO 10303155
allows the procedural modelling of that type of geometry, if required, through the direct invocation| of
Bispline and related types of geometricientities defined in ISO 10303-42. That approach is possibly ot
optimal, and more convenient procedures for the creation and modification of free-form surface geomejry
mhpy be included in a future edition of this document.

48 Solid shape element type definitions
4.3.1 base_solid-select
The base_solid=select type specifies those types of entity which may be used as the base solid for the

creation of‘'shape elements defined in this schema. The selection solid_model includes solids of extrusjon
arld revolution generated by sweeping 2D sketches.

The enfity csg_primifive in the SELECT list 1S itsell a SELECT type, allowing the entity primifive_2d as
a choice. This two-dimensional entity is out of scope for the modelling of solid shapes, and a WHERE
rule is therefore imposed to disallow primitive_2d as a value of base_solid _select.
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EXPRESS specification:

*)

TYPE base_solid_select = SELECT
(solid_model,
csg_primitive,
boolean_result);

WHERE
WR1: NOT (' GEOMETRIC_MODEL_SCHEMA.PRIMITIVE_2D’ IN TYPEOF (SELF)) ;
END_TYPE;

(.

F¢rmal propositions:

WR1: The entity primitive_2d shall not be permitted as a choice of base_solid_selé€et:

4.5.2 blend_end_condition_select
The blend_end_condition_select enumerates possibilities for the termination conditions on a blend df a

cdntinuous track of edges on a solid. It is used by the entity track blended_solid_with_end_conditigns
(see clause 4.4.4, where the interpretations of the three possibilities)are detailed).

EXPRESS specification:

TYPE blend_end_condition_select =~SELECT
(point_on_curve,

edge_curve,

vertex) ;

END_TYPE;

4.8.3 generalized_surface_select

The generalized surface select type specifies surfaces and other surface-based geometric elements syit-
able for use as the-Sculpturing element in a sculptured_solid (see clause 4.4.12) or as the base entity for
a thickened-face_solid (see clause 4.4.47).

EKPRESS specification:

*)

TYPE generalized_surface_select = SELECT
(surface,
face_surface,
surfaced_open_shell);

END_TYPE;

(*
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434 trim_condition_select
The trim_condition_select type allows a choice between different types of trimming conditions in the

creation of a swept configuration. It is used in the definitions of extruded_face solid_with_trim_condi-
tions (see clause 4.4.48) and revolved _face _solid_with_trim_conditions (see clause 4.4.51).

EXPRESS specification:

TYPE trim_condition_select = SELECT
(length_measure,
plane_angle_measure,
generalized_surface_select,
solid_model) ;

END_TYPE;

4.8.5 blend _radius_variation_type

The blend_radius_variation_type enumerates possibilities for the variation of the radius of a blend aldng
ar] edge, or a sequence of edges, between points at which specifi¢\values are given.

EKPRESS specification:

TYPE blend_radius_variation_type & ENUMERATION OF
(linear,

cubic,

unspecified);

END_TYPE;

Enumerated item definifions:

linear: the blend-radius varies linearly between radius definition points.

cybic: thelblend radius varies as a cubic between radius definition points.

uTspeciﬁed: the blend radius variation is not specified.

NOTE The interpretation of these three possibilities is detailed in clause 4.4.6, in the specification of the entity
solid_with_variable radius_edge_blend.

4.3.6 trim_intent
The type trim_intent enumerates descriptive specifications of termination conditions on solids of lin-

ear extrusion. These supplement the explicitly specified termination elements specified in the entity
extruded _face_solid_with_trim_conditions (see clause 4.4.48).

© 1SO 2007 — All rights reserved 9
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EXPRESS specification:

*)
TYPE trim_intent = ENUMERATION OF
(blind,
offset,
through_all,
unspecified,
up_to_next);
END_TYPE;

(.

Enumerated item definitions:

blind: The extrusion terminates at an extent determined by the value of a trim condition of type lengt
asure, before it meets any other geometric element of the model under construction;

offset: The extrusion terminates at a given distance from a specified surfac¢ in the model;

through_all: The extrusion extends through the entire model, possibly making multiple entries to g
exits from the part material;

_to_next: The extrusion terminates when it first meets a surface in the model.

unspecified: No descriptive specification is given.
uI

44 Solid shape element entity definitions
44.1 modified_solid

A|modified solid is a type of solid_medel (as defined in ISO 10303-42) resulting from the creation
a hew constructional element on anfexisting solid. Its attribute base_solid specifies the original so
upon which the modification is ¢reated. An attribute rationale is provided for the capture of text
information, if available, explaining the reasons for the use of the particular constructional operat
cdncerned in the design sequence where it occurs.

EXPRESS specification:

ENTITYymodified_solid
ABSTRACT SUPERTYPE OF (ONEOF

n

nd

of
lid
1al
on

(edge _blended solid

sculptured_solid,
shelled_solid,
offset_face_solid,
modified_solid_with_placed_configuration))
SUBTYPE OF (solid_model);
rationale : text;
base_solid : base_solid_select;
END_ENTITY;
(*
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Attribute definitions:

rationale: explanatory text detailing the reasons for the use of an instance of this entity.

base_solid: the initial solid before the new constructional element is created on it.

NOTE In common with the present entity, procedural_representation_sequence as defined in ISO 10303-55
also has an attribute rationale of type text. For modified_solid this attribute allows for the capture of the rationale
underlying the designer’s creation of an instance of a particular entity data type in the construction process. In
the case of procedural_representation_sequence the corresponding attribute allows the capture of the rationale

assoeciated h—a—-desian-proced e—1HNO ne-a-seguence—of-such-operations here-the-destapners—cholce fa

particular sequence may have significance.
4.4.2 edge_blended_solid

Ah edge_blended solid is a type of modified_solid representing the result of blendingrorie or more edges
off the original base solid. The blend may take the form of a chamfer, in which caseythe result will not{be
a $mooth transition between the faces adjoining along the edges concerned. Alternatively, it may take the
form of a blend that gives a smooth (tangent-continuous) transition between(the surfaces of those facgs.

NOTE 1 Strictly speaking, a chamfer is not a blend, since its surface is not tangent-continuous with the faces|on
eifher side of the modified edge. However, blends and chamfers otherwiSe have very similar semantics, and [for
thait reason they have been grouped together in this entity.

NOTE 2 Various types of blends may be defined between twa,ofymore solids, or between two or more surfapes
ndt belonging to a solid model, but such blends are currently excluded from this schema.

In|manifold solid modelling, no more than two facestadjoin at an edge. The blending modification cauges
thpt edge to disappear from the modified model;\itis replaced by an interpolated face that blends the two
fares previously separated by the edge concefned.

The exchange of a procedural representation of the blended model requires the exchange file to conthin
explicit representations of the original unblended edges, as defined in the sending system, to enable the
cdrresponding edges to be identified in the receiving system. The identification mechanism is detailed in
the definition of user_selected-elements in ISO 10303-55. An attribute blended_edges is provided for
the capture and transfer ef\the explicit edges concerned.

NOTE 3 The base solid may in fact be of type solid_-model, csg_primitive or boolean_result. The only chse
fof which explicitlyndefined edges exist in the base solid is that where its type is manifold_solid_brep, a specjfic
suptype of solid.model. The use of this entity therefore requires that the sending system, if it uses some fdrm
of|representation other than manifold_solid_brep as its primary representation for the base solid, can generate a
sefondary tepresentation of that form from which the necessary explicit edge information may be derived.

NOTE'4  This part of ISO 10303 provides no specifications for vertex blends, smooth transitions in regions where
blend surfaces for adjoining edges of the base solid meet. The geometry generated by CAD systems for vertex
blends is highly system-dependent. It is assumed that the receiving system will treat vertex blends in some default
manner; they may subsequently be reconfigured using the system’s native capabilities.

NOTE 5 This part of ISO 10303 provides no specifications for blend caps, small bounded surface regions created
by CAD systems to complete a closed boundary shell after creation of a blend. Figures 2 and 3 in clause 4.4.5
provide an example. Simple replacement of the blended edge by the blend surface, and then trimming back the
horizontal and vertical faces affected, would leave a small triangular gap on either side of the L-block. In this case
the gaps are filled by modifying the boundaries of the side faces of the block to cover them, but in more complex
cases less simple system-dependent strategies are used. It is assumed that the receiving system will treat blend
caps in some default manner; they may subsequently be reconfigured using the system’s native capabilities.
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EXPRESS specification:

*)
ENTITY edge_blended_solid
ABSTRACT SUPERTYPE OF (track_blended_solid ANDOR (ONEOF
(solid_with_constant_radius_edge_blend,
solid_with_variable_radius_edge_blend,
solid_with_chamfered_edges)))
SUBTYPE OF (modified_solid);
blended_edges : LIST [1:?] OF UNIQUE edge_curve;

END_ENTITY;

Attribute definitions:

arly representation of the original base solid.

4.4.3 track_blended_solid

ugus open or closed track. A WHERE rule is imposed to ensuze this condition.

NOTE 1 A track is related to a path as defined in ISO 10303-42 in that it consists of a list of distinct ed
connected end to end so that it is possible to traverse all the.edges in the list continuously from an initial vertex
a final vertex. The initial and final vertices may be the same in the case of a closed track. The difference is th{
pdth consists of instances of oriented_edge, so that thefe is a sense associated with the path as a whole. A tra
by contrast, is made up of unoriented edges.

NOTE 2 This ABSTRACT entity may only_be instantiated as a complex instance with one of the instantia
suptypes of edge_blended _solid.

NOTE 3 Figure 4 in clause 4.4:5-shows an example of a track_blended_solid, in which the blended tracl
a pequence of five edges of the,volume created by extruding a rectangle with two rounded corners. Since
blend is a constant radius blend, this solid can be represented by a complex instance of track_blended solid 3
solid_with_constant_radius_edge_blend.

EXPRESS specification:

ENTITY track_blended_solid

blended_edges: a list of distinct edge_curve instances specifying unblended edges of a manifold bound-

Altrack_blended solid is a type of edge_blended solid in which{the edges to be blended form a confjin-

Pes
to
ta

ble

is
the
nd

ABSTRACT SUPERTYPE OF (track_blended_solid_with_end_conditions)
SUBTYPE OF (edge_blended_solid);
WHERE
WR1: check_continuous_edges (SELF\edge_blended_solid.blended_edges);
END_ENTITY;
(*
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Formal propositions:

WR1: One vertex of each member of the list of edge_curve instances (except the last instance, in the
case of an open track) shall be identical with one vertex of the following member.

4.4.4 track_blended_solid_with_end_conditions

A track_blended solid_with_end _conditions is a type of track_blended _solid in which the blend does
not both start and termmate at the end pomts of the spec1ﬁed track of edges For this type of blended

clhuse 4.3.2). This allows the three following choices:

a)l apoint lying on the initial or final edge in the track;

b) aplanar edge_curve at the beginning or end of a pre-existing blend surface on the,same solid, wh¢se
plane intersects the initial or final edge in the track between the end points of that edge;

c)| the initial vertex of the first edge in the track, or the final vertex of the-last edge.

When a point-based or edge-based end condition is imposed at only, one end of the track, the other gnd
of{ the blend will terminate at an end vertex of the track, as in thedcase of the supertype track_blendegl -
sdlid. In that case the selected condition at the end where no spé&cial condition is imposed shall be of the
vdrtex-based type. The vertex concerned is required to be instance identical with the initial vertex of the
filst edge in the track or the final vertex of the last edge.

In| the second case listed above, the the newly creéated blend is required to join the pre-existing blgnd
smoothly, with continuity of surface normal across the referenced edge_curve that forms their junctidn.

The creation of a track_blended_solid_with_end_conditions will involve, in the sending system, uper
selection of the terminal elements of the blend, if they are of the point or edge_curve types. The excharjge
file will need to contain explicit representations of those elements, as defined in the sending system/ to
erlable the corresponding elements to be identified in the receiving system. The identification mechanifm
is|detailed in the definition Of uSer_selected_elements in ISO 10303-55. An attribute end_condition§ is
provided for the capturg and transfer of the explicit elements concerned. The occurrence of an gnd
cqdndition of the vertextype will inform the receiving system that no special condition has been impoged
at|the blend boundary’/concerned. In that case no selection will be necessary. The vertex to be instanged
wlll be available’eXplicitly, because it belongs to one of the explicitly transferred edge_curve instan¢es
cqmposing theltrack.

NOTE1Y Figure 6 in clause 4.4.6 shows an example of a track_blended_solid_with_end_conditions, in whjich

blended solid_with_end_conditions and solid_with_variable_radius_edge_blend. Either or both of the small arcs
that terminate the track blend at its two ends can be selected as termination conditions for subsequently defined
blends.
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EXPRESS specification:

*)
ENTITY track_blended_solid _with_end_conditions
SUBTYPE OF (track_blended_solid);
end_conditions : LIST [2:2] OF blend_end_condition_select;
WHERE
WR1: SIZEOF (TYPEOF (SELF) =«
["SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_CONSTANT_RADIUS_EDGE_BLEND’,
" SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_VARIABLE_RADIUS_EDGE_BLEND’,

" SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_CHAMFERED_EDGES’]) =
WR2: NOT ( (' GEOMETRY_SCHEMA.VERTEX’ IN TYPEOF (end_conditions([1
AND (' GEOMETRY_SCHEMA.VERTEX’ IN TYPEOF (end_conditions[2])
WR3: NOT ( (' GEOMETRY_SCHEMA.VERTEX’ IN TYPEOF (end_conditions/[1
AND (NOT ((end_conditions([1]
:=: SELF\edge_blended_solid.blended_edges[1l].edge_start)
XOR (end_conditions|[1]
:=: SELF\edge_blended_solid.blended_edges[1l].edge’ end))));
WR4: NOT ( (' GEOMETRY_SCHEMA.VERTEX’ IN TYPEOF (end_conddtions[2]))
AND (NOT ((end_conditions[2]
:=: SELF\edge_blended_solid.blended_edges MIINDEX (
SELF\edge_blended_solid.blended_edgés) ] .edge_start)
XOR (end_conditions([2]
:=: SELF\edge_blended_solid.blended) edges [HIINDEX (
SELF\edge_blended_solid.blended edges)].edge_end))));
END_ENTITY;

Attribute definitions:

enld_conditions: the point, edge_curve orvertex instances used to define the extremities of the blen

Fgrmal propositions:

WR1: This entity shall only be instanced as a complex instance with one of the entities solid_with_c¢

stant_radius_edge_blend, solid_with_variable _radius_edge_blend or solid_with_chamfered_edges.

WR2: The end-cenditions on the blend shall not both be defined by terminal vertices of the specif
track of edges:

WR3: Ifithe initial end condition is specified in terms of a vertex, that vertex shall be a vertex of the fi
edgen the track.

n-
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NOTE 2 WR2 prevents this entity from being employed in cases where the use of the supertype track_blended_-
solid is appropriate. WR3 and WR4 ensure that the relevant end vertex of the track belongs to either the first or

the last edge of the track, in cases where only one of the more specialized blend end conditions is specified.
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Informal propositions:

IP1: The selected terminating elements of a blend of this type shall have appropriate geometric relation-
ships with the edges being blended so that they are valid end boundaries for the type of blend surface
being created. In particular, if the initial or final boundary condition is of type point_on_curve then the
specified point_on_curve and the corresponding edge_curve instance on which the point lies shall share
the same basis curve.

IP2: If the initial or final boundary condition is of type vertex then the vertex referenced shall be either
the initial or the final vertex of the track.

NOTE 3 Because the edges in a track are not oriented, WR3 and WR4 are necessary but not sufficient to ensfire
safisfaction of IP2.

4.4.5 solid_with_constant_radius_edge_blend

Alsolid_with_constant_radius_edge_blend is a type of edge_blended solid in which a single constant
blend radius value is associated with one or more edges of the original base solid.

In| the current edition of this part of ISO 10303 the geometry of the transfefred blend is restricted to the
form most commonly implemented in CAD systems, known as the rolling ball blend. For this case, the
surface of the blend is defined as the envelope of a constant radits sphere moving in contact with the
surfaces of the two faces adjoining at the edge being blended. “The curves of contact of the sphere with
thpse two surfaces are the trim curves of the blend surface.

NOTE 1 There are other closely related interpretations ef\the rolling ball blend that result in slightly different
geometry, especially when the blend radius is variable.tThe geometry of a blend surface is in any case usudlly
represented approximately rather than exactly, and thi$’may result in slight differences in the transferred results,
even if the sending and receiving systems both use the same nominal interpretation. Further different typeg of
blend have been implemented in various CAD systems for handling specialized blending problems. The trangfer
of|a blend in the most commonly implemented rolling ball form may give a satisfactory result in the receivjng
syptem, but in cases where it does not it will be necessary to use the native capabilities of that system to edit fhe
repulting geometry.

For a solid_with_constant radius_edge _blend the edge_curve instances specified are not necessatily
cdnnected, and the orderin which they are specified may be immaterial, because all edges are modifjed
in[the same way. In such a case it is not necessary to create a complex instance with track_blendegl -
salid. However, if-a Continuous track of edges is specified, and particularly if specialized end conditigns
arp imposed on{the’blend then a complex instance shall be created with track_blended _solid or trac
blended_solid¢with_end_conditions, as appropriate.

r

NOTE2\""An L-shaped block is shown in Figure 2. The creation of a constant radius blend on the single concjive
edgé of this block results in the blended solid depicted in Figure 3.

NOTE 3 Figure 4 shows an example of a track_blended _solid as defined in clause 4.4.3, in which the blended
track is a sequence of five edges of a volume created by extruding a rectangle with two rounded corners. The blend
is a constant radius blend. This solid can be represented by a complex instance of solid_with_constant_radius_-
edge _blend and track_blended _solid.
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EXPRESS specification:

*)
ENTITY solid_with_constant_radius_edge_blend
SUBTYPE OF (edge_blended_solid);
radius : positive_length_measure;
END_ENTITY;

(*

Attribute definitions:

rdadius: the value of the constant blend radius.

T

Figure 2 — L-section block

6
R

Figure 3 — L-section block of Figure 2 with constant radius edge blend
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Figure 4 — A track blended solid with a constant radius edge blend

4.4.6 solid_with_variable_radius_edge_blend

Al solid_with_variable_radius_edge_blend is a type' of edge_blended_solid in which different radjus
vqlues are specified at selected points of each\of the edges concerned, and a specified interpolatfon
mpthod is used to compute blend radius valués at intermediate points.

Ap stated in clause 4.4.5, the geometry of the transferred blend is assumed to be of the rolling ball type,
thpugh in this case the radius of the ball varies during its motion.

NOTE 1 The note in clause-4:4/5 concerning differences in the geometric interpretation of rolling ball edge
blends applies for this entity-also.

In| an instance of thissentity it is required that the edges blended shall be joined end-to-end in an ogen
or| closed track,~This is necessary to ensure the correct correspondence of the specified radius-definjng
pdints with the-edges concerned. This entity shall therefore only be instantiated as a complex instance
w]th track.blended_solid or, if specialized end conditions are imposed on the blend, track_blendeg -
id_with end_conditions. If any edge is required to have a constant radius blend, even though the trgck
blend.as a whole has a variable radius, then that edge shall be treated as an edge with linear variation| of
bl — . . . . .

NOTE 2 Figure 6 shows a variable radius track blend with one constant radius blend segment.

In general, the positions of terminal vertices of edges in the list may or may not be used as radius-defining
points. If track_blended_solid_with_end_conditions is not instantiated, the positions of the start vertex
of the first edge of the list and the end vertex of the last edge of the list shall always be defined as selected
points.

NOTE 3 A single connected track of edges can be blended by an instance of this entity. The variable radius
blending of more general networks of edges will require the use of multiple instances.

© 1SO 2007 — All rights reserved
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In any interval whose radius-defining function is cubic, the actual function is determined using Hermite
interpolation, in terms of the radii at each end point of the interval and values of the first derivatives of
the radius variation function at those end points.

NOTE 4 Appropriate values of the required derivatives can be determined from the radius values at the end-
points using standard methods for the computation of natural cubic spline functions [5]. The details differ slightly
for the cases of open and closed edge tracks.

NOTE 5 In any interval for which the value of the radius-defining function is unspecified it is recommended
that linear interpretation is used initially in the receiving system but that the user is warned that some other native
blgnding capability of that system may be more appropriate.

NOTE 6 Figure 5 shows the L-shaped block of Figure 2 after creation of a variable radius blend ondts-eonciyve
edge. In this example the blend radius varies linearly along the length of the edge concerned.

NOTE 7 Figure 6 shows an example of a track_blended_solid_with_end_conditions as definéd in clause 4.4.4,
in|which the blended track is a sequence of five edges of a volume created by extruding a rectangle with two
rojinded corners. The blend is a variable radius blend. This solid can be represented by a complex instance of
solid_with_variable radius_edge_blend and track_blended_solid_with_end_conditions.

EXPRESS specification:

ENTITY solid_with_variable_radius_edge_blend

SUBTYPE OF (edge_blended_solid, track.pb¥énded_solid);
point_list : LIST[2:?] OF point;

radius_list : LIST[2:?] OF, positive_length_measure;
edge_function_list : LIST[1l:?] OE\blend_radius_variation_type;
WHERE

WR1: SIZEOF (point_list) = SIZEOF (radius_list);

WR2: SIZEOF (edge_function_list) = SIZEOF (radius_list) - 1;

WR3: NOT ((point_list[1l] =point_list[HIINDEX (point_1list)]) AND NOT
(radius_1list[1]%= ‘radius_list [HIINDEX (radius_1list)]));

END_ENTITY;

Attribute definitions:

point list: the list of points at which the radius is specified.

rddius list: the list of given radius values at specified points on the edge(s).

edge_function _list: the list of blend_radius_variation_type values defining the required variation| of
radius between consecutive points.

Formal propositions:

WR1: The number of radius-defining points shall be the same as the number of radius values.
WR2: The number of radius-defining functions shall be one less than the number of radius values.

WR3: If the first and last radius-defining points are the same, their associated radius values shall be
equal.
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Informal propositions:

IP1: The lists of points, radius values and edge functions shall be linked in the sense that the nth radius
value is associated with the nth point, and the nth edge function is associated with the interval between
the nth and (n + 1)th points.

IP2: The specified radius-defining points shall be ordered in terms of increasing distance along the track
from the initial point of the blend.

IP3: If any member of point_list is of type point_on_curve then its basis curve shall be identical with

tlf\’\ acieenruvaof tha adga oeva o cohaob thot oz 1o a0
10 UASIS VUL VU UL UIv \/us\,fuul YO UL vvIilIvil uuiavc tlUlllL IIVO.

Figure 5 — L-section block of Figure 2 with variable radius edge blend

Figure 6 — A track blended solid with end conditions for which the blend
radius is variable
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4.4.7 solid_with_chamfered _edges

A solid_with_chamfered_edges is a type of edge_blended _solid in which the members of a list of edges
are blended by the creation of bevelled faces on the resulting solid. In this case the blending surfaces
are not tangent-continuous with the surfaces being blended. This is an ABSTRACT entity, with three
instantiable subtypes.

For a solid_with_chamfered_edges the edge_curve instances specified are not necessarily connected,
and the order in which they are specified may be immaterial, because all edges are modified in a consis-
tentmanmer—trstehremrsetisn . ° .

Hpwever, if a continuous track of edges is specified, and particularly if specialized end conditions. fire
imposed on the chamfer, then a complex instance shall be created from one of the instantiable,subtypes
of| this entity and track_blended_solid or track_blended_solid_with_end_conditions, as appropriate.

a—ca v ary—to a aCoOmprc [FSTae witri—trac i"i'i‘G\

NOTE 1 For two primary reasons, it is not appropriate to define the shape of a chamfer surface precisely in this
part of ISO 10303:

a)] Chamfer surfaces are ruled surfaces, computed in terms of a pair of bounding eurves in each of the three spb-
types of this entity specified below. No relationship is defined here betweefithe rulings of chamfer surfafes
and the parameterization of the bounding curves that are used in constricting them, because different CAD
systems may differ in how they address this detail;

b)| In principle, offset distances are measured along geodesics (curyes of shortest distance) on the surfaces cpn-

cerned [6]. On a planar surface, geodesics are straight line$:\In other cases it is almost certain that CAD
systems differ in the way they approximate the distances concerned.

Dg¢spite these uncertainties, the differences in the geometry ‘generated by different CAD systems are not likely to
be significant for most practical engineering purposes.

EXPRESS specification:

ENTITY solid_with_chanmféred_edges

ABSTRACT SUPERTYPE\NOF (ONEOF
(solid_with_single_offset_chamfer,
solid_with_double_offset_chamfer,
solid_with_angle_based_chamfer))

SUBTYPE OF L(€dge_blended_solid);

END_ENTITYS

Informmat-proposttions:

IP1: If the type list of an instance of this entity contains track_blended_solid_with_end_conditions and
either or both end conditions are specified as being of type edge_curve, then the curve underlying any
such referenced instance of edge_curve shall be a line.

NOTE 2 The edge_curve instances mentioned in IP1 are the edges that terminate the blend surface at one or
both extreme ends of the track for the case described.
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4.4.8 solid_with_single offset_chamfer

A solid_with_single_offset_chamfer is a type of solid_with_chamfered_edges in which the chamfers are
created as follows:

— offset curves are defined on the two faces adjoining at each edge concerned, at equal specified
distances from the edge;

— aruled surface is constructed between the offset curves, and is used as the underlying surface of the
TIew chiamfer face.

EXPRESS specification:

ENTITY solid_with_single_offset_chamfer
SUBTYPE OF (solid_with_chamfered_edges);
offset_distance : positive_length_measure;
END_ENTITY;

Attribute definitions:

offfset_distance: the offset distance, from the original:¢dges, of the curves used in defining the chamifer
surface.

4.4.9 solid_with_double_offset_chamfer

Alsolid_with_double_offset_chamfer-is a type of solid_with_chamfered_edges in which the chamfprs
arp created as in the case of the solid_with_single_offset_chamfer except that the chamfer boundaries are
offfset by different distances from'the edge being chamfered. Two offset distance attributes are therefpre
ddfined. The first applies to-the offset on the face to the left of the topological edge as transmitted| in
the file, the second on the.face to the right of that edge, as traversed in the positive sense, viewed from
oytside the solid.

NOTE 1 It is imperative that the edge_curve instances that are members of the blended_edges attribute of the
supertype edge:-blended solid are given the correct senses in the ISO 10303 representation. This is necessary to

enjsure that the faces lying to the left and right of each edge are consistent in the sending and the receiving systes.

NOTE2 * Figure 7 illustrates the double offset chamfer.

EXPRESS specification:

*)

ENTITY solid _with_double_offset_chamfer
SUBTYPE OF (solid_with_chamfered_edges);
left_offset_distance : positive_length_measure;
right_offset_distance : positive_length_measure;

END_ENTITY;,

(*
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Attribute definitions:

left_offset_distance: the offset distance on the left of the topological edge being blended.

right_offset_distance: the offset distance on the right of the topological edge being blended.

left offset distance

—
T2 4 right
o | offset
Pl distance

Topelogical sense
of chamfered edge

Figure7 — Solid with double offset chamfer

4.4.10 solid_with) angle _based_chamfer

Alsolid_with_angle_based_chamfer is a type of solid_with_chamfered _edges in which the chamfers fire
ddfined in-terms of an offset curve on one of the faces adjoining at the edge concerned and an offset angle
mpasured with respect to the surface of that face. The BOOLEAN attribute left_offset is used to determine
whéther the offset curve is defined on the face to the left or to the right of the topological edge bejng
chamfered. If this face is not planar, the chamfer angle is measured with respect to the tangent plane to
the underlying surface at points on the offset curve.

NOTE 1 It is imperative that the edge_curve instances that are members of the blended_edges attribute of the
supertype edge_blended solid are given the correct senses in the ISO 10303 representation. This is necessary to
ensure that the faces lying to the left and right of each edge are consistent in the sending and the receiving systems.

NOTE 2 Figure 8 illustrates the solid_with_angle_based_chamfer.
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EXPRESS specification:

*)
ENTITY solid_with_angle_based_chamfer
SUBTYPE OF (solid_with_chamfered_edges);

offset_distance : positive_length_measure;
left_offset : BOOLEAN;
offset_angle : positive_plane_angle_measure;

END_ENTITY;

(*

Attribute definitions:

offset_distance: the offset distance used in defining one boundary curve of the chamfer.

left_offset: a BOOLEAN attribute, TRUE if the offset curve is defined on the face foythe left of the topo-
logical edge being chamfered, and FALSE otherwise.

offset_angle: the positive angle measured from the face on which the offsétcurve is defined. The angle
is|measured with respect to the tangent plane at points on that offset cufve:

Informal propositions:

IR1: The value of offset_angle shall be less than 90° (z#2 radians).

NOTE 3 1IP1 can be made formal in any specialization of this schema in which the unit of angular measur¢ is
specified.
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Topological sense
of chamfered edge

offset
distance

offset angle

Figure 8 — Solid with angle based chamfer

44.11 surfaced_open_shell

Alsurfaced_open_shell is a type of open_shell (as defined in ISO 10303-42) with the constraint thatfall
fakes in the underlying’connected face_set shall be of type face_surface.

NOTE 1 The faces’of an ISO 10303-42 open_shell are not required to have associated geometry.

NOTE 2 . This entity is used in the definitions of generalized_surface_select as specified in clause 4.3.3 and
scplptured: solid as specified in clause 4.4.12.

EXPRESS specification:

*)
ENTITY surfaced_open_shell

SUBTYPE OF (open_shell);
WHERE

WR1: SIZEOF (QUERY (g <* SELF\connected_face_set.cfs_faces |

NOT (’/ TOPOLOGY_SCHEMA.FACE_SURFACE’ IN TYPEOF (q)))) = 0;

END_ENTITY;
(*
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Attribute definitions:

SELF\connected_face set.cfs_faces: the set of faces composing the open shell.

Formal propositions:

WR1: All faces participating in a surfaced_open_shell instance shall be of type face_surface.

4.4-12—sculptured—solid

Alsculptured_solid is a type of modified_solid that results from using a surface, face_surface;-or spir-
falced_open_shell to partition the base solid into two or more solids, of which only one is‘retained.| If
orlly two solids result from the partitioning process, one of them will lie on each side of'the sculpturing
element. They are therefore easily distinguished by reference to the normal directiot of that elemdnt,
arld the use of sculptured _solid as defined in this clause is appropriate.

The definition of the positive side of the sculpturing element depends on thé nature of that element. For
a surface, it is the side containing the positive surface normal vector. For'aface_surface or a surfacedl -
open_shell, it is the side containing the topological normal to the face ©r shell respectively.

If|more than two solids result from the partition by the sculptuting element then it may be necessary] to
seflect the solid to be retained. When that is the case the subtype sculptured_solid_with_selection,|as
ddfined in clause 4.4.13, shall be used.

NOTE 1 This entity provides the means for creatinga\solid, part of whose boundary lies on a free-form| or
scplptured surface, or a combination of such surfaces:

NOTE 2 Figures 9 and 10 show an example of the construction of a sculptured solid. The first figure shqws
the original solid and the generalized surfa€e, and the second shows the solid that results after the partitionjng
opleration.

EKPRESS specification:

ENTITY sculptured_solid

SUBTYPE QF, (modified_solid);

sculptdning_element : generalized_surface_select;
positiive_side : BOOLEAN;

END ENTITY;

Attribute definitions:

sculpturing_element: the surface based element used to partition the solid.

positive_side: an indicator of the side of the sculpturing element on which the result of the partitioning
operation is to be retained. If its value is TRUE the solid on the positive side of that element is retained,
and vice versa.
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Informal propositions:

IP1: The specified sculpturing_element shall partition the original base solid into two or more portions.

4.

A

ﬁ

— (4
~

—

Figure 9 — Solid and generalized surface defining a sculptured solid

Figure 10= The sculptured solid after the partitioning operation

.13 seulptured _solid_with selection

sculptured_solid_with_selection is a type of sculptured_solid for use when a sculpturing operat

on

as defined in clause 4.4.12 does not give a unique result. In this case the retained solid is distinguished
from other generated solids by selection of the closed outer shell (as defined in ISO 10303-42) of an
equivalent manifold boundary representation of that solid.

It is assumed that, in the sending system, the outer shell of the resulting retained solid is selected from
the screen by the system user. The selection mechanism defined in ISO 10303-55 shall be used to capture
this process.

NOTE Typically, the solid to be retained will be identified by user selection of a vertex, edge or face belonging to
the boundary shell of the equivalent B-rep model. The ISO 10303-55 entities user_selected _shape_elements and
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indirectly_selected_shape_elements provide the mechanisms for capturing and transferring the direct selection of

the entire shell, or for its indirect selection in terms of one or more of its component elements.

EXPRESS specification:

*)
ENTITY sculptured_solid with_selection
SUBTYPE OF (sculptured_solid);

retainad lid - +ounol g-i a1 repres ntation 1tam.

— — — 4

END_ENTITY;

Attribute definitions:

retained _solid: an instance of topological_representation_item that uniquely identifies the closed sh
off the selected solid to be retained.

Infformal propositions:

IR1: the selected closed shell shall lie on that side of the sculpturing element indicated by the positivj
sifle attribute of the supertype sculptured_solid.

4.4.14 offset_face_solid

An offset_face_solid is a type of modified_solid that results from selecting one or more faces on
existing solid and adding (or subtracting), a“specified thickness of material to (or from) each of th
fafes. A positive value of the relevant‘member of the list offset_distances results in the addition
mhterial in the positive sense of the topological normal of the corresponding face, and a negative va
lepds to the subtraction of material. The modified faces lie on parallel offsets of the original surfacesg
thpse faces.

The exchange of an offsetface solid requires the exchange file to contain explicit representations of
orfiginal faces, as defined in the sending system, to enable the corresponding faces to be identified in
repeiving system.“The identification mechanism is detailed in the definition of user_selected _elements

ell
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IS0 10303-55:,An attribute offset_faces provides for the capture and transfer of the explicit face_surfgce

inktances concerned.

NOTEM, * The base solid may in fact be of type solid_model, csg_primitive or boolean_result. The only ¢

nSC

for which explicitly defined faces exist in the base solid is that where its type is manifold_solid_brep. a spec

fic

subtype of solid_-model. The use of this entity therefore requires that the sending system, if it uses some form

of representation other than manifold_solid_brep as its primary representation for the base solid, generate
secondary representation of that form from which the necessary explicit face information may be derived.

S a

NOTE 2 An offset_face_solid is shown in Figure 11. In this example the modified horizontal has been given a

positive thickness value and the modified vertical face has been given a negative thickness value.
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EXPRESS specification:

*)
ENTITY offset_face_solid
SUBTYPE OF (modified_solid);

offset_faces : LIST [1:?] OF SET[1:?] OF face_surface;
offset_distances : LIST [1:?] OF length_measure;

WHERE
WR1: SIZEOF (offset_faces) = SIZEOF (offset_distances);

END_ENTITY;

(.

Attribute definitions:

offset faces: alist of sets of instances of face_surface, the members of each set to befoffset by a specif
diptance.

offset_distances: the list of offset distance values for the sets of face_surfacejinstances.

Fgrmal propositions:

WR1: The number of sets of faces to be thickened shall equalthe number of thickness values.

Informal propositions:

IB1: The lists of offset face sets and offset distances shall be linked in the sense that the nth offset va
islassociated with the nth set of faces.

Original Solid Modified Solid

Modified Faces

Figure 11 — Offset face solid

4.4.15 shelled _solid

ed

uc

A shelled_solid is a type of modified_solid created by the application of an operation called shelling or
hollowing on the original base solid. The modified solid is generated by the deletion of certain specified

faces of the base solid and the thickening of all the remaining faces. It is assumed that the faces to
deleted are selected by the user of the sending system, and that they are identified in the exchange file

be
by
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the use of the ISO 10303-55 entity user_selected_elements. An attribute deleted_face_set is provided
for the capture and transfer of the explicit face_surface instances concerned.

NOTE 1 The base solid may in fact be of type solid_model, csg_primitive or boolean_result. The only case
for which explicitly defined faces exist in the base solid is that where its type is manifold_solid_brep, a specific
subtype of solid_model. The use of this entity therefore requires that the sending system, if it uses some form
of representation other than manifold_solid_brep as its primary representation for the base solid, generates a
secondary representation of that form from which the necessary explicit face information may be derived.

NOTE 2 Figure 12 illustrates the shelled_solid entity.

EXPRESS specification:

ENTITY shelled_solid

SUPERTYPE OF (ONEOF
(double_offset_shelled_solid,
complex_shelled_solid))

SUBTYPE OF (modified_solid);

deleted_face_set : SET [1l:?] OF face_surface;

thickness : length_measure;

WHERE

WR1: thickness <> 0;

END_ENTITY;

(.

Attribute definitions:

dg¢leted_face_set: the set of face_surface'instances of the base solid whose members are to be deletegl.

thiickness: the thickness of material\té be added to the retained faces of the base solid. If its valug is
p9gsitive, material is added to the'exterior side of those faces, and if it is negative, material is added|on
thE interior side.

F¢rmal propositions:

WR1: The value of the attribute thickness shall not be zero.
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ks

deleted faces shell thickness
Figure 12 — Shelled solid

4.4.16 double_offset_shelled _solid
Aldouble_offset_shelled solid is a type of shelled_solid in which the tétained faces of the original b
sdlid have two associated thickness attributes. Both may be eitherpositive or negative, and positive 4
ndgative thicknesses correspond to the addition of material in the direction of the outwards and inwal
ngrmals of the retained faces of the base solid, respectively. In'this case the actual thickness of mater
is|determined by the difference between the two specified,(partial) thickness values.
EXPRESS specification:
*
ENTITY double_offset_shelledisolid

SUBTYPE OF (shelled_solid);

thickness2 : length_measure;
WHERE

WR1: thickness2 <>70;

WR2: SELF\shelled/solid.thickness <> thickness2;
END_ENTITY;
(
Attribute“definitions:

1Se
nd
ds
ial

SELF \shelled solid.thickness: the first thickness value to be applied to the retained faces of the base
solid.

Formal propositions:

WR1: The value of the attribute thickness2 shall not be zero.

WR2: The value of the attribute thickness of the supertype shelled _solid shall not be equal to the value
of thickness2 (their difference gives the actual thickness of material of the shelled solid).
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4.4.17 complex_shelled_solid

A complex_shelled_solid is a type of shelled_solid in which selected faces have specified thicknesses
differing from the default thickness defined at the supertype level in shelled_solid (see clause 4.4.15).
As there, a positive thickness value results in the addition of material to the exterior side of the retained
faces of the original solid, while a negative value results in the addition of material on the interior side of
those faces.

EVDD 2QQ 5 1
A INT OO DlJ\/L/lllL/CI,lJUll.

ENTITY complex_shelled_solid
SUBTYPE OF (shelled_solid);

thickened_face_list : LIST [1:?] OF SET[1:?] OF face_surface’
thickness_list : LIST [1:?] OF length_measure;

WHERE
WR1: SIZEOF (thickened_face_list) = SIZEOF (thickness_list);
WR2: SIZEOF (QUERY (q <* thickness_list | (g = 0))) =03

END_ENTITY;

Attribute definitions:

thickened_face_list: the list of sets of face_surface instances whose associated thicknesses differ from
the default value inherited from the supertype.

thiickness _list: the list of thickness values to/be applied to the sets of selected faces.

Fgrmal propositions:

WR1: The numbers of membeis of thickened_face list and thickness_list shall be equal.

WR2: No member of the'thickness list shall have the value zero.

Infformal propositions:

IB1: The-lists thickened_face_list and thickness_list shall be linked in the sense that the nth thickng¢ss
vqlueds'associated with the nth face set.

4.4.18 modified_solid_with_placed_configuration
A modified_solid_with_placed_configuration is a type of modified_solid in which a local shape config-

uration is positioned and oriented by means of an axis_placement rather than (as in the case of earlier
entities in this schema) with respect to elements of the base solid.
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EXPRESS specification:

*)
ENTITY modified_solid_with_placed_configuration
ABSTRACT SUPERTYPE OF (ONEOF
(solid_with_depression,
solid_with_protrusion,
solid_with_shape_element_pattern))
SUBTYPE OF (modified_solid);
placing : axis2_placement_3d;
END_ENTITY;

Attribute definitions:

placing: the axis2_placement_3d instance used to position and orient the placed-configuration.

4.4.19 solid_with_depression

Alsolid_with_depression is a type of modified_solid_with_placed_configuration in which the base sqlid
hgs been modified by the removal of material. This ABSTRACT, entity is the supertype of four soljds
exhibiting specific types of depression configurations, all of them characterized by a depth attribute.

Three of these four types of depression may be either ‘bliid” or ‘through’. A blind depression terminajes
within the part material, and a through depression penetrates right through it. An instance of a throygh
dgpression shall be a complex instance of one ofsthese three basic depression configurations with the
additional subtype solid_with_through_depression (see clause 4.4.20). The fourth type of depression is
the groove (see clause 4.4.37), for which only-the ‘blind’ case is permitted.

NOTE The names given to some of the'configurations represented by subtypes of solid_with_depression do hot
precisely define their shapes. In customary usage, ‘hole’ is used in general to denote a depression whose depth is
grpater than its other dimensions, <poeket’ to denote a depression whose depth is less than its other dimensiiws,
‘slot’ to denote a depression whose length is greater than either its width or its depth and which has a constant
crpss-section except (possibly)-near its ends, and ‘groove’ to denote a circumferential depression of a similar type
thait exists on a surface with/rotational symmetry. In the ensuing clauses, figures are provided that illustrate|all
these configurations. However, the descriptions given here are strictly informal. They are for guidance only, and
dd not impose any restrictions on the actual use of the entity types defined in this part of ISO 10303.

EXPRESS*specification:

*
ENTITY solid_with_depression
ABSTRACT SUPERTYPE OF (solid_with_through_depression
ANDOR ONEOF (solid_with_hole,
solid_with_pocket,
solid_with_slot,
solid_with_groove))
SUBTYPE OF (modified_solid_with_placed_configuration);
depth : positive_length_measure;
END_ENTITY;
(*
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Attribute definitions:

depth: the depth of the depression.

4.4.20 solid_with_through_depression

A solid_with_through_depression is a type of solid_with_depression in which the depression penetrates
completely through the part material. An attribute exit_faces is provided for the capture and exchange of
the faces through which a through depression finally emerges from the part material. This allows for cases

WIICTC d dCPIC O dV PCIICLIAlC Oug cVCeId AYC O dlcllal, dV O U DIC CINLI1C a""

Specification of the face(s) through which the final exit occurs provides a precise means of delimiting the
pth of the depression. This should be consistent with the value of the depth attribute of thesupertype
id_with_depression. The referenced faces shall be explicit elements of a boundary representatjon
mpdel in the sending system, and the corresponding faces of the model under reconstruction in fhe
regeiving system shall be identified by a matching process.

In| cases where the receiving system does not implement the concept of a through depression the degpth
vdlue alone may be used, though errors may then arise if the model is subsequently modified. Howeyer,
if [the receiving system does provide the concept of a through depression‘the exit face information sHall
take precedence and the depth value shall be disregarded.

EKPRESS specification:

ENTITY solid_with_through_depression
SUBTYPE OF (solid_with_depression)}y
exit_faces : SET[1l:?] OF face_sUrface;
WHERE
WR1: SIZEOF (TYPEOF (SELF) =%
[ SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_HOLE’,
" SOLID_SHAPE_EREMENT_SCHEMA.SOLID_WITH_POCKET',
"SOLID_SHAPETELEMENT_SCHEMA.SOLID_WITH_SLOT’]) = 1;
END_ENTITY;

Attribute definitions:

exit_faces::the set of face_surface instances through which a ‘through’ depression finally emerges from
the patt'material.

Formal propositions:

WR1: The entity solid_with_through_depression may only be instanced in combination with one of
the entities solid_with_hole, solid_with_pocket or solid_with slot.

NOTE A depression having the form of a groove is not permitted to be of the ‘through’ type because such a
groove would cut the base solid into two portions.
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4.4.21 solid_with_hole

A solid_with _hole is a type of solid_with_depression in which the base solid has been modified by the
creation of a hole. This ABSTRACT entity acts as the supertype of solids exhibiting all types of hole

configurations. At present, the only subtype provided in this document is the stepped cylindrical hole

NOTE This ABSTRACT entity allows for the future definition of additional hole configuration subtypes.

EXPRESS cpppiﬁhqfinn'

ENTITY solid_with_hole

ABSTRACT SUPERTYPE OF (solid_with_stepped_round_hole)
SUBTYPE OF (solid_with_depression);

END_ENTITY;

4.4.22 solid_with_stepped_round _hole

of|coaxial cylindrical segments, each segment after the first having.a different radius from its predeces
in[the sequence. A simple round hole may be represented using, this entity with just one segment. A tv
segment stepped round hole whose first segment has the larger of the two radii may be used to repres
what is known as a counterbored hole.

NOTE 1 No requirement is imposed for segment didmeters to decrease with increasing depth of the hole. Si
a fequirement may be appropriate for certain manufacturing methods, but not for others.

For holes of this type, the sum of the values of the members of the depths list is required to be equal
the value of the depth attribute of the supertype solid_with_depression.

NOTE 2 For a blind hole of thistype, a conical or spherical bottom condition results in an extension bey
the defined depth of the hole. (For“a flat-bottomed hole, the position of the flat bottom defines the depth, and
aspociated fillet surface oceuss-within that defined depth (see clauses 4.4.25, 4.4.26, 4.4.27 and Figure 15).

The axis placement-6f the hole in a solid_with_stepped_round_hole has its origin at the entrance to
hale, where the/hole axis intersects with the boundary shell of the base solid on which the hole is to
crpated. Its positive z-axis direction points out of the hole entrance along the axis of the hole; in the ¢
off a blind-hole the z-axis therefore points outwards from the part material.

NOTE,3 Figure 13 illustrates an instance of solid_with_stepped_round_hole having three segments.

Alsolid_with_stepped_round _hole is a type of solid_with_hole whére the hole is made up of a sequerce
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EXPRESS specification:

*)
ENTITY solid_with_stepped_round_hole
SUPERTYPE OF (solid_with_stepped_round_hole_and_conical_transitions
ANDOR ONEOF (solid_with_flat_bottom_round_hole,
solid_with_conical_bottom_round_hole,
solid_with_spherical_bottom_round_hole))
SUBTYPE OF (solid_with_hole);
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segments : positive_integer;
segment_radii : LIST[1l:segments] OF positive_length_measure;
segment_depths : LIST[1l:segments] OF positive_length_measure;
DERIVE
SELF\solid_with_depression.depth
positive_length_measure := compute_total_depth (SELF);
WHERE

WR1: NOT ((’/SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_THROUGH_DEPRESSION’
IN TYPEOF (SELF)) AND (SIZEOF (TYPEOF (SELF) «x
[ SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_FLAT_ BOTTOM_ROUND_HOLE’,
' SOT.TD SHAPE FETEMENT SCHEMA SOT.TD WTTH SPHERTCAT ROTTOM ROIIND HOTE’ ,
' SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_FLAT_BOTTOM_ROUND_HOLE’])
<> 0));

END_ENTITY;

Attribute definitions:

segments: the number of cylindrical segments of the hole.
segment _radii: the list of radius values of the individual cylindrical segments of the stepped hole.

segment_depths: the list of lengths of the individual cylindrical§egments of the stepped hole.

Fgrmal propositions:

WR1: If the hole has solid_with_through_depression in its type list, that list shall not include any|of
the subtypes that define blind bottom conditions\for holes of this type.

Informal propositions:

IB1: The lists of radii and lengths shall be linked in the sense that the nth item on the radius lis{ is
associated with the nth cylindrical segment of the stepped hole.

4.4.23 conical_stepped _hole_transition

Al conical_stepped_hole_transition is a conical face interposed at a junction between two cylindrifal
segments ofalstepped round hole. The cone is characterized in terms of its apex angle and its bjise
raflius. The*apex of the cone always lies on the hole axis, on that side of the junction for which the hple
rafliusiis‘smaller, and the base radius of the cone is defined on the planar surface normal to that axis gnd
infersecting it at the point where the radius change occurs. The apex angle is positive when the transitjon
is from a larger to a smaller hole radius, in the sense of increasing hole depth, and negative if it is from a
smaller to a larger radius.

NOTE 1 Such a conical transition is often referred to by the manufacturing-oriented name of countersink. It has
the effect of bevelling the sharp convex edge that would otherwise occur at the hole entry or exit, or where the hole
radius changes.

NOTE 2 Two occurrences of conical_stepped_hole_transition are shown in Figure 14.
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Hole - entrance

Segment 1

Figure 13 — Cross-section of solid with stepped round hole

EKPRESS specification:

ENTITY conical_stepped_heole_transition
SUBTYPE OF (geometrici¥epresentation_item);

transition_number ~:i~positive_integer;
cone_apex_angle ! plane_angle_measure;
cone_base_radids : positive_length_measure;

END_ENTITY;

Attribute definitions:

tré
ing the entrance to the hole as 1.

cone_apex_angle: the apex angle of the conical transition surface.

cone_base_radius: the base radius of the conical transition surface, as specified in the descriptive text.

Informal propositions:

IP1: The cone apex angle shall not have the value 180° (27 radians).
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NOTE 3 A cone degenerates to a plane when its apex angle is 180°, and in this case there is no conical transition.
Additionally, the value of cone_base_radius would be infinite. For these reasons the specified value of the apex
angle is excluded. This proposition may be made formal in any environment where units of angular measure are
defined.

4.4.24 solid_with_stepped_round_hole_and_conical_transitions

A solid_with_stepped_round_hole_and _conical _transitions is a type of solid_with_stepped_round_-
hole in which one or more of the inter-segment junctions has been modified by the presence of a coni-
cal_stepped_hole_transition as described in clause 4.4.23. The entry to the hole is counted as the first
jullction, and the definition also permits the exit of a through hole to be modified in a similar mahurer.
If[such a conical transition is present at a junction between segments it modifies the adjacent cylindrifal
segment that has the smaller radius. If the entrance to the hole is through a face that is not both planar gnd
ngrmal to the hole axis, the radius specified for an initial conical transition shall be defined on a plgne
pdrpendicular to the hole axis and containing the origin of the associated axis placement. For a conifal
transition applied at the exit of a through hole, the radius shall be specified on a plane perpendicular to
the hole axis and passing through the point at which that axis intersects the surfac€ of the base solid in
the vicinity of the hole exit.

=

NOTE 1 Figure 14 shows an instance of solid_with_stepped_round_hole_and_conical_transitions with thiee
segments and two countersinks.

EXKPRESS specification:

ENTITY solid_with_stepped_round_holeland conical_transitions

SUBTYPE OF (solid_with_stepped_rd&und_hole);

conical_transitions : SET[1l:?]%OF conical_stepped_hole_transition;

WHERE

WR1: SIZEOF (conical_transitions) <=
(SELF\solid_with_.stépped_round_hole.segments + 1);

WR2: ('’ SOLID_SHAPE_ ELEMENT_SCHEMA.SOLID_ _WITH_THROUGH_DEPRESSION’
IN TYPEOF (SELF)) XOR (SIZEOF (conical_transitions) <=
SELF\solid_with_stepped_round_hole.segments) ;

WR3: validate_countersink_radii (SELF) ;

END_ENTITY;

Attributesdefinitions:

cdnical_transitions: the set of conical transitions applying to the stepped hole.

Formal propositions:

WRI1: The number of conical transitions applying to a stepped round hole shall in no case exceed one
more than the number of cylidrical segments composing the hole.

WR2: Either the hole is a though hole or the number of conical transitions applying to it shall not exceed
the number of cylindrical segments composing the hole.

WR3: For any conical transition other than at the hole entrance and (in the case of a through hole) the
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hole exit, the value of the base radius of the transition surface shall lie between the values of the radii
of the preceding and succeeding cylindrical hole segments at the junction concerned. Also, any conical
transition surface at the entrance to the hole shall have a positive apex angle, and any conical transition
surface at the exit from the hole shall have a negative apex angle. For intermediate transitions the apex
angle shall be positive for a transition from a larger to a smaller radius, and negative for a transition from

a smaller to a larger radius.

NOTE 2 WR2 further restricts the number of transitions in the case of a blind hole because the bottom of a blind

hole is modelled by a bottom condition rather than a transition.

Hole : entrance

Segment1

transitions

4.4.25 solid_with_flat_bottom_round_hole

Figure 14 = Cross-section of solid with stepped round hole and conical

A 'solid_with flat_bottom_round_hole is a type ol solid_with_stepped _round_hole in which the bottom
of the created blind hole lies on a planar surface normal to the hole axis. A fillet radius may be specified

between this planar surface and the cylindrical shaft of the hole.

NOTE The bottom configuration of the hole in this entity is illustrated in Figure 15 in clause 4.4.27.
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EXPRESS specification:

*)
ENTITY solid_with_flat_bottom_round_hole
SUBTYPE OF (solid_with_stepped_round_hole);
fillet_radius : non_negative_length_measure;
WHERE
WR1 : fillet_radius <
SELF\solid_with_stepped_round_hole.segment_radii[segments];
END_ENTITY;
( J

Attribute definitions:

fillet radius: the radius of the fillet between the flat bottom of the hole and its cylindrical shaft.

Fgrmal propositions:

WR1: The fillet radius shall be less than the radius of the last cylindrieal segment of the hole.

4.4.26 solid_with_spherical _bottom_round_hole

Alsolid_with_spherical bottom_round hole is a type of’solid_with_stepped_round_hole in which the
battom of the created blind hole lies on a spherical surfdace centred on the hole axis.

Since the depth attribute of the hole is defined*as the sum of the lengths of the cylindrical segmepts
mpking up the stepped hole, its value does*not take into account the presence of the spherical bottpm

cdnfiguration.

NOTE The bottom configuration of the hole in this entity is illustrated in Figure 15 in clause 4.4.27.

EXPRESS specification:

ENTITY solddi with_spherical_bottom_round_hole

SUBTYPE OF (solid_with_stepped_round_hole);

sphefe>radius : positive_length_measure;

WHERE

WR1 : sphere_radius >=
SELF\solid_with_stepped_round_hole.segment_radii[segments];

END_ENTITY;

(*

Attribute definitions:

sphere_radius: the radius of the spherical surface defining the bottom of the hole.
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Formal propositions:

WRI1: The sphere radius shall be greater than or equal to the radius of the last cylindrical segment
the hole.

4.4.27 solid_with_conical_bottom_round_hole

of

A solid_with_conical_bottom_round hole is a type of solid_with_stepped_round_hole in which the bot-

tom of the created blind hole lies on a conical surface coaxial with the hole. The semi_apex_angle
tripute specitfics matf of the inctuded angic at the tp of e cone. 11e apexX oOf e CONe May be SIop
rounded with a specified radius by a spherical surface having its centre on the axis of the holexT

raflius may be zero in the case where there is no tip rounding.

Since the depth attribute of the hole is defined as the sum of the lengths of the cylindrical segme
mpking up the stepped hole, its value does not take into account the presence of-the conical bott
cdnfiguration.

NOTE 1 The bottom configuration of the hole in this entity is illustrated in Figure 15.

EXPRESS specification:

ENTITY solid_with_conical_bottom_round_hotke

SUBTYPE OF (solid_with_stepped_round_hele);

semi_apex_angle : positive_plane_angle_measure;

tip_radius : non_negative_length _measure;

WHERE

WR1 : tip_radius <
SELF\solid_with_stegped_round_hole.segment_radii[segments];

END_ENTITY;

Attribute definitions:

semi_apex_angle;~half of the included angle at the tip of the cone.

tip_radius: the¥adius of the spherical surface rounding off the tip of the cone (may be zero).

Formakpropositions:

at-

WR1: The tip rounding radius shall be less than the radius of the last cylindrical segment of the hole.

Informal propositions:

IP1: The semi-apex angle of the conical hole bottom shall be less than 90° (7 /2 radians).

NOTE 2 IP1 can be made formal in any specialization of this schema in which the unit of angular measure is

specified.
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Figure 15 — Bottom conditionsfor blind round holes

4.4.28 solid_with_pocket

Alsolid_with_pocket is a type of solid_with_depression that results when a 2D closed profile is lineafly
e)]ltruded to generate a solid, which is'then subtracted from the base solid to create a depression in| it.
This is an ABSTRACT entity, having instantiable subtypes with rectangular, circular and general profile
shapes (see clauses 4.4.29 — 4.,4531).

NOTE 1 The first two of-the instantiable subtypes listed above are not defined as subtypes of the pocket with
gemeral profile shape because of the difficulty of specializing attributes from the general case to handle diverse
spgcific cases.

The axis placemient of the pocket is oriented with its z-axis normal to the plane of the defining profile,
arld pointinig out of the entrance to the pocket; in the case of a blind pocket the z-axis therefore poihts
oytwards-from the part material. The axis placement is positioned so that its origin coincides with a
reference point that is specified in the description of each particular proﬁle form. This reference poinf is

okbaiiza dta1s tha nda hall of tha 14 which tha ol to o ad
re >1uuuu toHe-ohtnec uuuuucu_y SAeH-otte-oase-Sora- o wetie lJ\J\/l\\/L 13-tope-created:

For a solid_with_pocket the depth attribute inherited from the supertype solid_with_depression is the
distance between the origin of the axis placement and the planar floor of the pocket, measured in the
negative z-direction. The attribute floor_blend _radius allows the specification of a blend or fillet radius
between the floor and the walls of the pocket. The attribute draft_angle allows a possible deviation of
the wall faces from perpendicularity with respect to the pocket floor. A positive value gives a form that
tapers inwards with increasing depth, while a negative value gives an outward taper — in this case the
area of the pocket floor is larger than that of the entrance to the pocket.
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EXPRESS specification:

*)

ENTITY solid_with_pocket

ABSTRACT SUPERTYPE OF (ONEOF
(solid_with_rectangular_pocket,
solid_with_circular_pocket,
solid_with_general_pocket))

SUBTYPE OF (solid_with_depression);

floor_blend_radius : non_negative_length_measure;

draft_angle : plane_angle_measure;
END_ENTITY;

Attribute definitions:

flgor_blend radius: the radius of the blend or fillet between the floor and the packet walls.

draft_angle: the angle between the pocket walls and the normal to the planar pocket floor. The poc
tapers inwards or outwards with increasing depth when this value is positive or negative, respectively.
zdro value gives walls that are perpendicular to the pocket floor.

NOTE 2 If the pocket is a through pocket there is no pocket fleory and the value of the floor blend radiu
immaterial. In such cases it may be set to zero.

Informal propositions:

IR1: The combination of pocket depth, draft’angle and floor blend radius shall be such that the fl

NOTE 3 Violation of IP1 due to too large a choice of fillet radius would have the effect of modifying the specif
prpfile that is extruded to create the:pocket volume.

4.4.29 solid_with_rectangular_pocket

Alsolid_with_rectangular_pocket is a type of solid_with_pocket for which the defining pocket pro
is|a rectangle, which may have rounded corners. The attributes defined specify the length and width
the rectangle.and the blending radius at its corners. The x- and y-axes of the associated axis placem
arp aligned\with the pocket length and the pocket width, respectively. The origin of the axis placem
is|thecentre point of the rectangular profile, and the pocket is positioned by requiring this point to lie

fillet does not intersect any edge in the loop-of edges forming the boundary of the pocket configuratidn.

Ket

or

jed
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the surface of the base solid as it existed before creation of the pocket.

NOTE 1 If the specified corner radius is equal to the floor fillet radius defined at the level of the supertype solid_-
with_pocket, the vertex blends at the bottom corners of the pocket will lie on spherical surfaces. If the values of
these two radii are different, however, this part of ISO 10303 does not specify the nature of those vertex blends,
which may be generated in different system-dependent ways in the sending and receiving systems. Any such

differences are not likely to have great significance in practical engineering terms.

NOTE 2 Figure 16 illustrates the form of a solid_with_rectangular_pocket.
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EXPRESS specification:

*)
ENTITY solid_with_rectangular_pocket
SUBTYPE OF (solid_with_pocket);

pocket_length : positive_length_measure;

pocket_width : positive_length_measure;

corner_radius : non_negative_length_measure;
WHERE

WR1: (corner_radius < pocket_width/2)
AND (corner_radius < pocket_length/2);
END_ENTITY;

Attribute definitions:

plcketlength: the length of the rectangular pocket.
pocket_width: the width of the rectangular pocket.

cqrner_radius: the radius of the corner blends of the rectangle that)is extruded to form the pocket
vglume. Its value may be zero.

NOTE 3  If the pocket has a non-zero draft angle the corner radius.will vary with increasing pocket depth.

F¢rmal propositions:

WR1: The specified corner radius shall be less than half the length of the shorter side of the rectangular
prpfile.

NOTE 4 If the corner radius were allowed to be exactly half the length of the shorter side of the profile, the fqrm
of|this configuration would reduce td:that of a straight slot (see clauses 4.4.32 and 4.4.33).
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4.4.30 solid_with_circular_pocket

i
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in:

EKPRESS specification:

Alsolid_with_circular_pocket is a type of-solid_with_pocket for which the defining pocket profile i
cifcle. The single attribute specifies the.radius of the circle. The origin of the associated axis placem
the centre point of the circle, and the pocket is positioned by requiring this point to lie on the surf:

NOTE In the case where-the draft_angle attribute of the supertype solid_with_pocket has the value zero,

Informally, the distinction may be made that a circular pocket has a diameter exceeding its depth, while a circy
hqle has a depth eXceeding its diameter. When the draft angle is non-zero, however, there is a clear distinct
between the semadtics of the pocket and hole cases — the types of hole currently defined in this schema do not h
a dlraft angle:

pocket_length

pocket width

Figure 16 — Solid with rectangular pocket

the base solid as it existed before creation of the pocket.

tance of this entity could’equally well be represented as an instance of solid_with_flat_bottom_round _h¢
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Ent
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ENTITY solid_with_circular_pocket

SUBTYPE OF (solid_with_pocket);
pocket_radius: positive_length_measure;

WHERE

WR1: SELF\solid_with_pocket.floor_blend_radius <= pocket_radius;

END_ENTITY;
(*
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Attribute definitions:

pocket _radius: the radius of the circular hole.

SELF\solid_with_pocket.floor_blend radius: the radius of the edge blend between the floor and the
wall(s) of the pocket.

Formal propositions:

WR1: The value of floor_blend radius in the supertype solid_with_pocket shall not exceed the radjus
off the circular pocket.

4.4.31 solid_with_general _pocket

Alsolid_with_general_pocket is a type of solid_with_pocket for which the defining)pocket profile has
a general closed non-self-intersecting configuration. The attribute profile speéifies the planar pocket
profile as a positioned_sketch as defined in ISO 10303-108. The attribute reference_point specifies a
paint in the plane of the positioned_sketch that is used to position the pocket on the base solid. It is uged
aglthe origin of the associated axis placement, and the pocket is positioned by requiring this point alsd to
lig on the surface of the base solid as it existed before creation of the pocket. The z- and y-axes of the
axis placement are those of the plane underlying the positioned-sketch defining the pocket profile.

EXPRESS specification:

ENTITY solid_with_general_pocket
SUBTYPE OF (solid_with_pocket);

profile : positionedosketch;
reference_point : point;
WHERE
WR1: SIZEOF ([’ GEOMETRY¥~SCHEMA.CURVE_BOUNDED_SURFACE’,
" TOPOLOGY_SCHEMALFACE_SURFACE’] % TYPEOF (profile.sketch_basis)) = 1;
WR2: profile IN masing_items (reference_point, []);

END_ENTITY;

Attribute définitions:

profile: ‘the positioned_sketch defining the profile used to create the pocket.

reference_point: the point used as a reference for positioning the pocket on the base solid.

Formal propositions:

WR1: The instance of positioned_sketch used to define the pocket profile shall be based on one of the
types curve_bounded_surface or face_surface, either of which defines a closed area.

WR2: The specified reference point shall be a constituent element of the cross-sectional profile.
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4.4.32 solid_with_slot

A solid_with_slot is a type of solid_with_depression on which a slot has been created. A slot is a
depression whose shape is generated by sweeping a constant symmetrical cross-sectional profile along

a linear or curved centreline, the profile always being perpendicular to the tangent of that centreline.

A

slot may have one or two rounded ends generated by rotating half the slot cross-sectional profile about

its axis of symmetry. Alternatively, one or both ends of the slot may emerge from the part material.

NOTE 1 In atraditional machining context, such a configuration is generated by motion through the part material

of a shaped cutting tool, whose rotation automatically generates the rounded ends of the slot, if it has closed e

ds.

Ag$ defined in this schema, however, the slot is a pure shape configuration and carries no manufacturing semdnt

Two specific forms of slot profile are provided in this schema. The first is the trapezoidal section, wh
infludes as special cases the simple rectangular section, sections with draft angles and sections having
dqgvetail form. A floor fillet radius may be defined for the bottom corners of this type of section. The s
orjd profile form is that of the T-slot. The type list of every instance of solid_with _slot shall include q

salid_with_trapezoidal_section_slot or solid_with_tee_section_slot. These are defined, respectively i
clpuses 4.4.33, 4.4.34, 4.4.35 and 4.4.36.

The axis placement of the slot is oriented with its z-axis pointing Qut of the entrance to the slot; in

orfigin is positioned at the mid-point of the slot and its z-axis.is oriented along the length of the slot. §
a purved slot the axis placement of the slot is that used té define the bounded curve acting as the s
centreline. In either case, the origin is required to lie on.the surface of the base solid as it existed bef
the creation of the slot.

If|a slot has one or more open ends, the faces or sets of faces through which it emerges from the p
mpterial at its extremities are recorded. The'slot may have multiple entries and exits along its length,

cdqse of a blind slot the z-axis therefore points outwards from thepart material. For a straight slot|i

CS.

ch
he
PC-
ne

of| the subtypes solid_with_straight _slot or solid_with_curved slot, together with“one of the subtypes

m

he

For
ot
re

art
but

orjly the first entry and the last exit are-r€corded. In the linear case, these faces are ordered in the sepse

off the positive z-axis of the axis pldcement used to position and orient the slot. For a curved slot,
ordering is in the positive sense of the curve defining the centreline of the slot.

NOTE 2 An example of a §lot with two entries and exits is shown in Figure 18. For this case the attrib
end _exit_faces will record the outer faces of the rectangular block, as defined in the sending system.

EXPRESS specification:

ENTITY' solid_with_slot

he

Lite

ABSTRACT SUPERTYPE OF ((ONEOF (solid with straight slot,

solid_with_curved_slot))
AND (ONEOF (solid _with_trapezoidal_section_slot,
solid_with_tee_section_slot)))
SUBTYPE OF (solid_with_depression);
slot_width : positive_length_measure;
closed_ends : LIST[2:2] OF LOGICAL;
end_exit_faces : LIST[2:2] OF SET[0:?] OF face_surface;
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WHERE
WR1: NOT ((’SOLID_SHAPE_ELEMENT_SCHEMA.SOLID_WITH_THROUGH_DEPRESSION’ IN
TYPEOF (SELF)) AND (closed_ends = [FALSE,FALSE]));
WR2: NOT(((closed_ends[1l] = TRUE) AND (SIZEOF (end_exit_faces[1l]) <> 0))
OR ((closed_ends[2] = TRUE) AND (SIZEOF (end_exit_faces[2]) <> 0)));

END_ENTITY;
(*

Attribute definitions:

sl])t,width: the width of the slot, in senses that are defined precisely for the two subtypes solid{with_-
trppezoidal _section _slot (see clause 4.4.35) and solid_with_tee_section_slot (see clause 4.4.36);

clpsed_ends: a set of two LOGICAL values, TRUE if the first and second extremities of the.slot, respgc-
tiyely, are closed and FALSE if they are open. The UNKNOWN value is available for cases where a systgm
daes not support the distinction between slots with open and closed ends.

er)d_exit faces: a list of two sets of face_surface instances, defining the entry and exit faces of an op¢n-
erlded slot at its extremities. The sets of faces shall be ordered in the positive.sense of the slot as defijed
aHove. If either extremity of the slot is closed, the corresponding set of faces shall be empty.

F¢rmal propositions:

WR1: An instance of solid_with_slot shall not be opencat both ends and also ‘through’ in the sense{ of
hgving no bottom face (such a configuration would have the effect of cutting the base solid into two| or
mpre portions).

WR2: If either end of the slot is closed, the set of end exit faces corresponding to that end of the dlot
shall be empty.

4.4.33 solid_with_straight_slot

Alsolid_with_straight_slot is(a type of solid_with_slot for which the slot has a straight centreline. The
centreline is aligned with the-z-axis of the associated axis placement, whose origin lies at its mid-point.
This origin is required-to-lie on the surface of the base solid as it existed before creation of the slot.|In
the case of a slot withrone or more open ends the specified length of the slot shall be consistent wjith
the geometry of-the exchanged object, but the exit face information shall take priority over the length
information.

—_

NOTE «Figure 17 shows a straight slot with rectangular cross-section and two closed ends, while Figure|18

illpstrates an open-ended straight slot with multiple entries and exits from the part material.

EXPRESS specification:

*)
ENTITY solid_with_straight_slot
SUBTYPE OF (solid_with_slot);
slot_length : positive_length_measure;
END_ENTITY;
(*
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Attribute definitions:

slot_length: the length of that portion of the slot having parallel sides, excluding any rounded closed
ends that may be present.

slot_width

= = b

!

depth

s g e e e B e e

Figure 17 — Solid with straight slot, having two closed ends

end exit faces

Figure 18 — Straight slot with multiple entries and exits from part material
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4.4.34 solid_with_curved_slot

A solid_with_curved_slot is a type of solid_with_slot that has a curved centreline, defined by an instance
of bounded_curve. The resulting slot geometry is that which would result from the motion of the centre
of an appropriately shaped cutting tool along that curve between its two end points.

NOTE This description does not imply any specific manufacturing semantics for the curved slot.

The slot is positioned by requiring the origin of the axis placement used to specify the bounded curve to

lig-on-the surface of the base solid-as-ite ed-before creatton-of the slot—In the case of a-slotwath gne

orf more open ends the bounded curve used to specify its centreline shall be consistent with the geomefry
of| the exchanged object, but the exit face information shall take priority over the curve information.

EXPRESS specification:

ENTITY solid_with_curved_slot
SUBTYPE OF (solid_with_slot);
slot_centreline : bounded_curve;
END_ENTITY;,

Attribute definitions:

slpt_centreline: the bounded curve used to specify, that portion of the slot having parallel sides, exclyid-
inE any rounded closed ends that may be present:

Informal propositions:

IH1: The bounded curve representing the slot centreline shall not be a straight line.

4.4.35 solid_with_trapezoidal_section_slot

Alsolid_with_trapezoidal_section_slot is a type of solid_with_slot in which the slot has the first of tivo
passible cross-séctions defined for slots in this part of ISO 10303. This section has the form of a sym-
metrical trdpezium, whose depth (measured in the direction of the axis of symmetry) is defined by fhe
d¢pth attribute of the supertype solid_with_depression (see clause 4.4.19). The width is defined by the
slot-width attribute of the supertype solid_with_slot (see clause 4.4.32). For this type of profile, the dlot

isin idth-atth 3 e i sidth-of the top-ofthe

trapezoidal section, assuming that its bottom lies on the floor of the slot.
NOTE 1 In its simplest form a trapezoidal-section slot has a flat bottom. However, the use of a zero draft
angle with an appropriate choice of floor fillet radius will give rise to a U-section slot in which the section has a

semicircular bottom.

NOTE 2 Figure 19 in clause 4.4.36 illustrates two cases of the trapezoidal-section slot. The first has a draft angle
and a floor fillet, while the second is of dovetail form.
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EXPRESS specification:

%)

ENTITY solid_with_trapezoidal_section_slot
SUBTYPE OF (solid_with_slot);

draft_angle : plane_angle_measure;
floor_fillet_radius : non_negative_length_measure;

END_ENTITY;
(*

A

tribute definitions:

dy

Pq
to

flgor fillet_radius: the radius of the fillet between the floor and the walls of the\trapezium on which

sl

N
ra

Informal propositions:

aft_angle: the draft angle, measured with respect to the axis of symmetry of the slot Section. Fo

a slot of dovetail form.

bt section is based. It may be zero.

DTE 3 If a slot with this type of section is a through slot there is no slotloor, and the value of the floor fi
Jius will normally be immaterial. In such cases it may be set to zero.

IH
IH

at
in|
IH
si

N
ar

N

4.

A

1: The draft angle shall lie in the open interval (=90°,90°) or in terms of radians (—7/2,7/2).

2: The draft angle shall not have such a large positive value that the walls of the profile inters
a point lying above the floor of the profile (in such a case the depth of the slot section would
compatible with the value of the depthaftribute of the supertype solid_with_depression).

3: The floor fillet radius shall be sufficiently small that at least three points of the underlying straig
led trapezium remain, namely.the mid-point of the profile floor and the top points of the profile wal

DTE 4  These propositions'cah be made formal in any application of this schema where units of angular meas
e specified.

DTE 5 If the lintiting condition implied by IP2 holds, the profile will take the form of a V section.
4.36 solid_with_tee_section_slot

solid_with_tee_section _slot is a type of solid_with_slot in which the slot has the second of two possi

sitive draft angle the slot walls slope inwards with increasing depth. A negative draft-angle gives 1

I a

he

let

Bt
be

LI

ble

Cr

ss-sections defined for slots in this part of ISO 10303. This section has the form of an inver

ed

letter T. Its overall depth (measured in the direction of the axis of symmetry) is defined by the depth
attribute of the supertype solid_with_depression as specified in clause 4.4.19. The width of the leg of
the T (measured in the direction perpendicular to the depth) is defined by the slot_width attribute of the
supertype solid_with_slot as specified in clause 4.4.32.

NOTE Figure 19 illustrates the cross-section of a T-section slot.
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EXPRESS specification:

*)

ENTITY solid_with_tee_section_slot
SUBTYPE OF (solid_with_slot);
tee_section_width
collar_depth

WHERE

: positive_length_measure;
: positive_length_measure;

WR1: collar_depth < SELF\solid_with_depression.depth;
WR2: tee_section_width > SELF\solid_with_slot.slot_width;

ISO 10303-111:2007(E)

END_ENTITY;

Attribute definitions:

S

Fgrmal propositions:

tep_section_width: the width of the head (wider part) of the T section.
cdllar_depth: the length of the stem (narrower part) of the T section.
SELF\solid_with_depression.depth: the overall depth of the slot.
ILF\solidWithslot.slotwidth: the width of the stem of the T section.

WR1: The collar depth shall be less than the overall\dépth of the T section.

WR2: The tee-section width shall be greater than the width of the stem of the T section.

Figure 19 — Trapezoidal and T slot sections
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4.4.37 solid_with_groove

A solid_with_groove is a type of solid_with_depression that results from the creation of a depression
extending around a surface of revolution in such a way that its cross-sections are constant in any plane
containing the axis of that surface. The cross-section is of symmetric trapezoidal form, which includes
as special cases rectangular sections, sections with draft angles, U- and V-sections. For this entity, the
depth attribute of the supertype solid_with_depression measures the depth of the trapezoidal section of
the groove. Its value will not in general represent the physical depth of the groove, which has no well-
defined value when the configuration is created on anything other than a circular cylindrical surface. For
thetparttetttar-case-the-physteal-depth-of-the-groovets—determined-by-the-difference-between-theradius
off the cylindrical surface and the value of the attribute groove_radius, which defines the position-of the
flgor of the groove with respect to the axis of symmetry of the cylindrical surface.

The attribute external_groove is used to distinguish between external and internal grooves (examples fire
grpoves defined on the outer face of a cylinder and on the cylindrical surface of a holgftespectively). The

ngrmal vector of the surface concerned has a component pointing away from its axis of revolution in fhe
eqternal case and towards it in the internal case.

The z-axis of the axis placement associated with a groove coincides with the/axis of the surface on which
the groove is created. Its origin lies at the intersection of that axis with'the mid-plane of the groove.

NOTE 1  An example of solid_with_groove is illustrated in Figure 20,for the case of an external groove.

EKPRESS specification:

ENTITY solid_with_groove
SUBTYPE OF (solid_with_depresision);

groove_radius : positdiwve_length_measure;
groove_width : positive_length_measure;
draft_angle : plane_angle_measure;
floor_fillet_radius gm\non_negative_length_measure;
external_groove T BOOLEAN;

WHERE

WR1: NOT (’SOLEP) SHAPE_ELEMENT_SCHEMA.SOLID_WITH_THROUGH_DEPRESSION’
IN TYPEQOF (SELF));
END_ENTITY;

Attribute definitions:

groove_radius: the radius of the cylindrical floor surface of the groove.
groove_width: the width of the top of the groove cross-section.

draft_angle: the angle between the walls of the groove and its plane of symmetry. If its value is positive
the walls slope inwards with increasing depth, and vice versa.

floor fillet_radius: the fillet radius between the floor and the walls of the groove.

external _groove: a Boolean attribute whose value is TRUE if the groove is defined on an external surface
of rotation and FALSE if it is defined on an internal surface of rotation.
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Formal propositions:

WR1: A groove shall be a blind configuration (a through groove would cut the base solid into two parts).

Informal propositions:

IP1: The groove configuration shall not be defined on any surface that does not have axial symmetry.

IP2: The depth of the groove shall not be greater than the local radius of the axisymmetric surface on

which the groove is defined.
IR3: The draft angle shall lie in the open interval (—90°,90°), or in terms of radians (—m /2, #/2).

IR4: The draft angle shall not have such a large positive value that the walls of the profile ‘intersect

infompatible with the value of the depth attribute of the supertype solid_with_depréssion).

at

a point lying above the floor of the profile (in such a case the depth of the groove section would|be

IBS: The floor fillet radius shall be sufficiently small that at least three points of.the underlying straight-

wall.

sifled trapezium remain, namely the mid-point of the profile floor and the two top points of the profile

NOTE 2 Propositions IP3, IP4 and IP5 can be made formal in any applieation of this schema that specifies uspits

oflangular measure.

NOTE 3 When the draft angle is zero and the floor fillet radiusi{s.equal to half the slot width, a U-section resuflts.

If the limiting condition described in IP4 holds, the profile will'take the form of a V-section.

| floor fillet radius

Figure 20 — Solid with groove
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4.4.38 solid_with_protrusion

A solid_with_protrusion is a type of modified_solid_with_placed_configuration in which the base solid
has been modified by the addition of material. This ABSTRACT entity is the supertype of solids exhibiting
three specific types of protrusion, each defined by extrusion of a planar area in a direction normal to
its plane of definition. The created protrusions are characterized by attributes protrusion_height and
protrusion_draft_angle. The height of the protrusion is measured from the origin of its associated axis
placement, in the direction of its positive z-axis, which is in the direction of extrusion. A positive draft
angle implies that the cross-sectional area of the extrusion will decrease with increasing height, and vice

varsa:

EXPRESS specification:

ENTITY solid_with_protrusion

ABSTRACT SUPERTYPE OF (ONEOF
(solid_with_circular_protrusion,
solid_with_rectangular_protrusion,
solid_with_general_protrusion))

SUBTYPE OF (modified_solid_with_placed_configuration);

protrusion_height : positive_length_measlize;

protrusion_draft_angle : plane_angle_measure;

END_ENTITY;

Attribute definitions:

protrusion_height: the height of the prottusion.

protrusion_draft_angle: the draft or.taper angle of the protrusion, measured with respect to the directfon
of| extrusion.

Infformal propositions:

IR1: The draft arigle shall lie in the open interval (—90°,90°) or in terms of radians (—7/2,7/2).

IH2: The draff'angle shall not be so large as to reduce the protrusion height from its specified value.

NOTE, \JP1 can be made formal in any in any application of this schema where units of angular measure pre
speeified.

4.4.39 solid_with_circular_protrusion

A solid_with_circular_protrusion is a type of solid_with_protrusion in which the cross-section of the
added volume of material is circular. The axis placement of a solid_with_circular_protrusion has its
origin at the intersection of the boundary shell of the base solid with the axis of the protrusion to be
created on it, with the positive z-axis pointing outwards from the part material of the base solid.
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EXPRESS specification:

*)
ENTITY solid_with_circular_protrusion
SUBTYPE OF (solid_with_protrusion);
protrusion_radius : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

protrusion_radius: the radius of the cylindrical protrusion.
4.4.40 solid_with_rectangular_protrusion

Alsolid_with_rectangular_protrusion is a type of solid_with_protrusion in which the cross-section| of
the added extruded volume of material is a rectangle, possibly with rounded corners. The axis placement
off a solid_with_rectangular_protrusion has its origin at the intersectiofof the boundary shell of the
bdse solid with a line through the centre of the rectangle and normal-+e its plane. The positive z-akis
difection points outwards from the part material of the base solid and coincides with that line.

=

EXKPRESS specification:

ENTITY solid_with_rectangular_protrusSion
SUBTYPE OF (solid_with_protrusien);

protrusion_length : positive_length_measure;

protrusion_width opositive_length_measure;

protrusion_corner_radius (: yhon_negative_length_measure;
WHERE

WR1: (protrusion_corn&r radius <= protrusion_width/2)
AND (protrusien_corner_radius <= protrusion_length/2);
END_ENTITY;

Attribute definitions:

protrusion_length: the length of the protrusion, measured in the x-direction of its axis placement.

protrusion_width: the width of the protrusion, measured in the y-direction of its axis placement.

protrusion_corner _radius: the corner radius of the rectangular protrusion cross-section. Its value may
be zero.

NOTE The corner radius is that defined for the original rectangle. It will decrease with increasing protrusion
height if a positive draft angle is imposed, and increase with increasing protrusion height for a negative draft angle.

Formal propositions:

WR1: The corner radius shall not exceed half the length of the shorter side of the rectangular profile.
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4.4.41 solid_with_general_protrusion

A solid_with_general_protrusion is a type of solid_with_protrusion in which the cross-section of the
added extruded volume of material is a general planar area, represented by an instance of positioned._-
sketch as defined in ISO 10303-108. The axis placement of a solid_with_general_protrusion has its
origin at the intersection of the boundary shell of the base solid with a line through a reference point on
the defining sketch and normal to the sketch plane. The positive z-axis direction points outwards from
the part material of the base solid and coincides with this line.

EXPRESS specification:

ENTITY solid_with_general_protrusion
SUBTYPE OF (solid_with_protrusion);

profile : positioned_sketch;
reference_point : point;
WHERE

WR1: SIZEOF ([’ GEOMETRY_SCHEMA.CURVE_BOUNDED_SURFACE!Y

" TOPOLOGY_SCHEMA.FACE_SURFACE’ ] x TYPEOF (profileXsketch_basis))
WR2: profile IN using_items (reference_point, [])4
END_ENTITY;

Il
—
~

Attribute definitions:

profile: the positioned_sketch defining the cross-section of the protrusion.

reference_point: the point of the sketch usedto define the axis placement of the protrusion.

F¢rmal propositions:

WR1: The instance of positioned_sketch used to define the protrusion cross-section shall be based [on
orfe of the types curve.-bounded_surface or face_surface, either of which defines a closed planar are

|

WR2: The specified reference point shall be a constituent element of the cross-sectional sketch.
4.4.42 selid_with_shape_element_pattern

Alsolid ‘with_shape_element_pattern is a type of modified_solid_with_placed_configuration generated
whema set of replicas of any of the shape configurations created by a subtype of modified_solid_with -
placed_configuration is arranged in a circular or rectangular pattern on the base solid. The original
shape configuration participates in the pattern, in its original position and orientation.

The attribute replicated_element identifies the instance within the construction sequence where the con-
figuration to be replicated was first created. It is important to note that it is only the local shape con-
figuration created by the referenced operation that is replicated, not the entire resulting solid. The axis
placement associated with each replicated element shall be determined from that of the original element
by applying the same transformation to it as is used in replicating the original element.
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The attribute base_solid of the supertype modified_solid identifies the solid on which the pattern is to be
created. It may or may not be identical with the solid bearing the element to be replicated.

EXAMPLE A hole configuration may be created, a Boolean union operation performed between the resulting
solid and another solid, and the hole then replicated in a pattern. In this case replicated_element will reference the
solid on which the hole was first defined but base_solid will reference the result of the Boolean operation. On the
other hand, if a hole is created in one operation and the immediately following operation replicates it in a pattern
on the same base solid, both the replicated_element and the base_solid attributes of the pattern creation operation

wi

11 reference the hole creation operation.

E

XPRESS specification:

EN

EN

A

[TITY solid_with_shape_element_pattern
ABSTRACT SUPERTYPE OF (ONEOF
(solid_with_circular_pattern,
solid_with_rectangular_pattern))
SUBTYPE OF (modified_solid_with_placed_configuration).}
replicated_element : modified_solid with_placed_configuration;
(D_ENTITY;

tribute definitions:

re
Ccd

A
ca
at
h4
bd
ti

de

N
re
IO

.43 solid_with_circular_pattern

plicated_element: the instance in the construction ‘sequence representing the initial creation of
nfiguration to be replicated.

he

solid_with_circular_pattern is a type of solid_with_shape_element_pattern in which multiple re
tes of the specified shape configuration are arranged in a circular pattern. The axis placement ass
pd with the pattern, specified at'the level of the supertype modified_solid_with_placed_configurati
s its origin at the centre ‘of the circle. The attribute angular_spacing specifies the angular rotat

n may retain its previous orientation in the pattern, or may be rotated about the centre of the cird
pending on the‘value of the BOOLEAN attribute radial_alignment.

DTE 1  Figure 21 diagrammatically illustrates the two cases of solid_with_circular_pattern, the first where
blicates_are not individually rotated about the centre of the pattern, and the second where they are individug
ated. The original shape configuration is drawn with thin lines, and the replicates with thick lines.

on

tween successive replicates about the centre of the circle. Each replicate of the original configulra-

le,

the

EXPRESS specification:

*)

ENTITY solid_with_circular_pattern

©l

SUPERTYPE OF (solid_with_incomplete_circular_pattern)
SUBTYPE OF (solid_with_shape_element_pattern);
replicate_count : positive_integer;

angular_spacing : plane_angle_measure;
radial_alignment : BOOLEAN;

SO 2007 — All rights reserved
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reference_point : point;
END_ENTITY;
(*

Attribute definitions:

replicate_count: the number of replicates, not including the original configuration that is being repli-

cated.

aijgular_spacing: the angular increment between successive replicates.
ments give, respectively, anticlockwise and clockwise rotation.

=

FPositive and negative ncre-

dial_alignment: specifies whether elements are rotated or not. If TRUE, the replicates are,individually

rotated about the centre of the circular pattern; if FALSE, each point in the pattern has the same translatjon

as|the reference point, so that the orientation of the original shape configuration is maintained.

reference_point: a point associated with the original configuration to be replicateéd, whose projecfed
ditance from the axis of rotation determines the radius of the circular pattern.” Each replicate hap a
cdrresponding transformed reference point. Successive pairs of referenee.points have equal angular

spacing about the centre of the circular pattern.

Infformal propositions:

exceed 360 degrees or 27 radians.

NOTE 2 IP1 may be made formal in any applicatien‘th which units of measure are specified.

reference_ reference_

IR1: The product of (number_of replicates + 1) with the absolute value of angular_spacing shall pot

angular_spacing

point point

radial_alignment = FALSE radial_alignment = TRUE

Figure 21 — The effect of radial alignment in solid_with_circular_pattern
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4.4.44 solid_with_rectangular_pattern

A solid_with_rectangular_pattern is a type of solid_with_shape_element_pattern in which multiple
replicates of the specified shape configuration are arranged in a rectangular pattern. Each replicate retains
the orientation of the original. The numbers of rows and columns of the pattern are specified, together
with the row and column separation distances. In the associated axis placement, specified at the level of
the supertype modified_solid_with_placed_configuration, the x-axis is the row direction of the pattern
and the y-axis the column direction. The origin of this axis placement coincides with the origin of the axis
placement of the original shape configuration. If the value of the attribute column _spacing is positive,

c
v
th|

N

E
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TUIIIS 4darv aulcuyu 111 uiv PUDILIV\/ LT UITUUTIUIT WILLT IUDPL/L/L W UuIv Uvasy UIVIIIVIIL, alltl vVILU Vulsda. 11
lue of the attribute row_spacing is positive, rows are added in the positive y-direction with respect
e base element, and vice versa.

DTE  Figure 22 provides an illustration of solid_with_rectangular_pattern.

KPRESS specification:

EN

[TITY solid_with_rectangular_pattern
SUPERTYPE OF (solid_with_incomplete_rectangulaxXpattern)
SUBTYPE OF (solid_with_shape_element_patternd)

row_count : positive_integer;
column_count : positive_integer;
row_spacing : length_measure;
column_spacing : length_measure;
WHERE
WR1: (row_count * column_count) »\71;
END_ENTITY;
(.
Aftribute definitions:

rda
Cd

ra
ar

cd
di

w_count: the number of rews in the pattern.
lumn_count: the number of columns in the pattern.

w_spacing: the.distance between rows, positive if the columns are added in the positive y-direct
d negative if;in the opposite direction.

lumn_spacing: the distance between columns, positive if the columns are added in the positive
Fection and negative if in the opposite direction.

Formal propositions:

f<he

to

on

x_

WR1: The product of the numbers of rows and columns shall be greater than 1, so that the pattern shall
contain more than one element.

©lI
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4.4.45 solid_with_incomplete_circular_pattern

A
re

=

t
re
ar

E

x-direction D ~

column spacing

Figure 22 — Solid with rectangular pattern

solid_with_incomplete_circular_pattern is a type of solid:with_circular_pattern in which specif
plicates have been omitted from the pattern.

DTE  This entity is illustrated diagrammatically in Figure 23. The angular spacing is 45 degrees. Consider
e original shape configuration to be numbered 0, the_teplicates are numbered 1,2,...anticlockwise; the sec
blicate is therefore the one at the top of the figure, 90° from the base feature. If that instance and the one at 1
e omitted from the original pattern, the omitted-instances attribute will have the value [2,4].

KPRESS specification:

E]

WHERE

[TITY solid withincomplete_circular_pattern
SUBTYPE OF (gsolid_with_circular_pattern);
omitted_instahices : SET[1:?] OF positive_integer;

WR1: SFAEOF (omitted_instances) <
SELF\solid_with_circular_pattern.replicate_count;
WR2 :\"'SIZEOF (QUERY (q <* omitted_instances | g >

SELF\solid_with_circular_pattern.replicate_count)) = 0;

ED

U_LONLILILTY,

(*

Attribute definitions:

omitted _instances: the replicates to be omitted, counting anticlockwise from the base configuration.

ed

ng
nd
00
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Formal propositions:

WR1: The number of omitted replicates shall be less than the overall number of replicates.

WR2: No integer identifier in the set of omitted replicates shall have a value that exceeds the overall

number of replicates.

base configuration

_____

Figure 23 — Solid ‘with incomplete circular pattern

4.4.46 solid_with_incomplete.rectangular_pattern

A
SP
th
ing to [1, 1] is the shape configuration that has been replicated, and this element shall not be omitted.

solid_with_incomplete.rectangular_pattern is a type of solid_with_rectangular_pattern for wh

N
th

DTE  Figure 24 diagrammatically illustrates the pattern in a solid_with_incomplete_rectangular_pattern.
s example the omitted instances will be represented by [[1,3],[3,1]].

ecified replicates have-been omitted from the pattern. Each omitted replicate is identified by a tuple
e form [m, n], where'm and n denote row and column numbers respectively. The element correspomnd-

ch
of

Hor

EXPRESS specification:

*)
ENTITY solid_with_incomplete_rectangular_pattern

SUBTYPE OF (solid_with_rectangular_pattern);

omitted_instances SET[1:?] OF LIST [2:2] OF positive_integer;
WHERE

WR1: NOT([1,1] IN omitted_instances);

WR2: SIZEOF (omitted_instances) <

((SELF\solid_with_rectangular_pattern.row_count =
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SELF\solid_with_rectangular_pattern.column_count) - 1);
WR3: SIZEOF (QUERY (g <% omitted_instances |
((gl[l] > SELF\solid_with_rectangular_pattern.row_count) OR
(g[2] > SELF\solid_with_rectangular_pattern.column_count)))) = 0;
END_ENTITY;
(*

Attribute definitions:

omitted_instances: the instances to be omitted, identified in terms of row and column numbers.

Fgrmal propositions:

R1: The element corresponding to the tuple [1, 1] shall not be omitted from the pattern.

R2: The number of omitted replicates shall be less than the total numbemof replicates in the flull
pdttern (that number does not include the original shape configuration, whichis not a replicate).

WR3: The row index of any omitted replicate shall not exceed the row:.count of the rectangular pattefrn,
arjd the column index shall not exceed the column count.

IO,
DICNC)

() G

Xx (row) direction

¥ {column)
direction

Figure 24 — Solid with incomplete rectangular pattern

4.4.47 thickened_face_solid

A thickened face_solid is a type of solid_model created by adding thickness to a specified face_surface,
bounded surface or surfaced_open_shell. Material may be added on one or both sides of the original
base element. The resulting solid is bounded by (i) surfaces lying on parallel offset surfaces of the base
element (one of which may coincide with that element if its offset distance is zero) and (ii) ruled surfaces
whose rulings are in the directions of the surface normal to the base element around its periphery.

Two offset distances are specified, offsetl and offset2. Both define offset distances from the base ele-

ment, positive and negative distances being measured in the directions of its positive and negative surface
normals, respectively. The two offset distances shall not be equal, and one of them may be zero.
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NOTE 1 Figure 25 illustrates the thickened _face_solid entity.

EXPRESS specification:

*)
ENTITY thickened_face_solid
SUBTYPE OF (solid_model);

base_element : generalized_surface_select;
£ffopot+ s langth maogciirg-
= — 7
offset?2 : length_measure;
WHERE
WR1: NOT ((’'GEOMETRY_SCHEMA.SURFACE’ IN TYPEOF (base_element)) AND
(NOT (' GEOMETRY_SCHEMA.BOUNDED_SURFACE’ IN TYPEOF (base_element) )%));

WR2: offsetl <> offset2;
END_ENTITY;

Attribute definitions:

base_element: the base element that is to be thickened.
offsetl: the first offset distance.

offset2: the second offset distance.

Fgrmal propositions:

WR1: If the element to be thickened is a.surface, it shall be a bounded surface.

WR2: The two offset distances shall not have equal values.

Infformal propositions:

IR1: The surface underlying the base element shall not be a bounded region of a single plane.

NOTE 2 The thiekening of a planar base element would duplicate the capability provided by extruded_fad
solid_with_trim_conditions, as defined in clause 4.4.48.

Sense of positive

<4— offset1 >0

base element <4— offset2<0

Figure 25 — Thickened face solid
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4.4.48 extruded_face_solid_with_trim_conditions

An extruded_face_solid_with_trim_conditions is a type of extruded_face solid (see ISO 10303-42),
whose basic form is characterized by the distance between its two planar ends. The use of the SELECT
type trim_condition_select allows the volume defined by an extruded_face_solid to be trimmed by the
use of alternative end conditions. It is not required that the same type of condition is imposed at both
ends of the extrusion.

The interpretations of the different specific trimming conditions are as follows:

fiq
of

In|
d¢
itg
v(
ol

di

plane_angle measure: not allowed for this entity;

length_measure: the generated solid is trimmed at a specified distance from the defining face;

generalized_surface select: the generated solid is trimmed where it meets, ot at a specified dis-

tance before it meets, a specified surface, face_surface or connected set of face_surfaces;

solid_model: the generated solid is trimmed where it meets, or at a'specified distance beforg it

meets, the boundary of a specified solid model.

The supertype extruded _face_solid has an attribute depth, of typ¢ pesitive length_measure, that spefci-

s the extent of the original extrusion, measured from the defining cross-sectional face. For an instanice
extruded face_solid_with_trim_conditions trimming is.interpreted in a very general sense, and the

trimmed volume may extend beyond the original volume,defined by the supertype, in either directipn.

particular, if either termination condition is of typé:length_measure its value may exceed that of the
pth attribute of the supertype, so that the original’ extrusion is extended in the positive direction,|or
value may be negative, in which case the original cross-sectional face is embedded in the resulting
lume rather than forming one of its bounding faces. Similar extensions of the original volume may|be

tained by the use of the other types of fermination condition.

me CAD systems provide additional semantics for trimming extrusions, in terms of termination c¢n-

lions such as the following:

blind: the extrusion ‘terminates at an extent determined by the value of a trim condition of type

length_measure, before it meets any other surface in the model;

offset: thé exfrusion terminates at a given distance from a specified surface in the model;

up to-néxt: the extrusion terminates when it first meets a surface in the model;

through all: the extrusion extends completely through the entire model.

Attributes first_trim_intent and second_trim_intent allow for the capture of such descriptive conditions.
The explicit trim conditions specified by the attributes first_trim_condition and second_trim_condition,
together with the use of the offset capability, are adequate to ensure that the model as reconstructed in the
receiving system is identical with that in the sending system, subject to numerical tolerances. However,
the additional transmission of trim intent may be used to ensure correct behaviour if the received model is
subsequently edited. The available trim intent values, as defined by the enumerated type trim_intent (see
clause 4.3.6), includes the value unspecified for use with systems not having the described capability.

64
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When either trim intent has the value offset, additional attributes first_offset and second_offset allow the
required offset distances to be specified. These are the distances between the planar end of the extrusion
and the surface or solid boundary used to define its extent.

EXPRESS specification:

ENTITY extruded_face_solid _with_trim conditions

SUPERTYPE OF (ONEOUF
(extruded_face_solid _with_draft_angle,
extruded_face_solid _with_multiple_draft_angles))

SUBTYPE OF (extruded_face_solid);

first_trim condition : trim_condition_select;
second_trim_condition : trim_condition_select;
first_trim_intent : trim_intent;
second_trim_intent : trim_intent;

first_offset : non_negative_length_measure;
second_offset : non_negative_length_measure;

WHERE

WR1: NOT ((’MEASURE_SCHEMA.PLANE_ANGLE_MEASURE’
IN TYPEOF (first_trim_condition)) OR
(" MEASURE_SCHEMA .PLANE_ANGLE_MEASURE'
IN TYPEOF (second_trim_condition)));
WR2: NOT ((('MEASURE_SCHEMA.LENGTH_MEASURE"
IN TYPEOF (first_trim_condition) ) AAND
((first_trim_intent = offset)
OR (first_trim_ intent = up_tosnext))) OR
(("MEASURE_SCHEMA.LENGTH_MEKSURE’
IN TYPEOF (second_trim_condition)) AND
((second_trim_intent = offset)
OR (second_trim_intenmt = up_to_next))));
WR3: NOT (((NOT (’'MEASURE_SCHEMA.LENGTH_MEASURE’
IN TYPEOF (first_trim_condition))) AND
((first_trim_imntent = blind)
OR (first_tpim/intent = through_all))) OR
( (NOT (" MEASURE_SCHEMA . LENGTH_MEASURE’
IN TYPEOQOEMsecond_trim_condition))) AND
((second~trim_intent = blind)
OR (Secdond_trim_intent = through_all))));
WR4: (((f9rst_trim_intent = offset) AND (first_offset > 0)) XOR
((first_trim_intent <> offset) AND (first_offset = 0))) AND
(((second_trim_intent = offset) AND (second_offset > 0)) XOR
((second_trim_intent <> offset) AND (second_offset = 0)));
T

WRS* NOT ( ( (" MEASURE_SCHEMA.LENGTH_MEASURE’

I TV DIoAT (g A

FEN 4 o o AVAY
T o (TS _CcEtrnCconCTr oot v

("MEASURE_SCHEMA .LENGTH_MEASURE’
IN TYPEOF (second_trim_condition))) AND
(first_trim _condition = second_trim_condition));

END_ENTITY;

Attribute definitions:

first_trim_condition: the first trim condition on the extrusion.
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second_trim_condition: the second trim condition on the extrusion.

first_trim_intent: the intended semantics of the first trim condition.

second_trim_intent: the intended semantics of the second trim condition.

first_offset: the distance between the first planar end of the extrusion and a surface or solid boundary
used to define its extent.

second _offset: the distance between the second planar end of the extrusion and a surface or solid bound-
ary used to define its extent.

rmal propositions:

or|
Sp|

N
te
th

e value offset or up_to_next.

ve the value blind or through _all.

RS5: If both trim conditions are length measures, their values shall not be equal.

pcification of a positive offset distance if the trim intent has the value offset.

hds between two pre-existing solids, the lowerblock and the upper sculptured volume. This figure also illustrg
e following entity, extruded_face_solid-with_draft_angle, because the extrusion has a draft angle.

R1: The selection plane_angle measure shall not be used as a trimming condition with'this entity/.

R2: If either of the trim conditions is a length measure, the corresponding trim intent shall not have

R3: If either of the trim conditions is not a length measure, the corresponding trim intent shall pot

R4: Ateither end of the extrusion, if the trim intent has the valug offset then the corresponding offset
lue shall be positive; for any other value of the trim intent, the corrésponding offset value shall be zgfro.

DTE 1 A converse interpretation of WR3 is that if the tritn’ condition is termination by a generalized surfhce
the surface of a solid then the trim intent can be up.to-next, offset or unspecified. WR4 then permits the

DTE 2 Figure 26 illustrates the extruded_face-solid _with_trim_conditions. The circular-section extrusion px-

tes

Figure 26 — Extruded face solid with draft angle
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4.4.49 extruded_face solid_with_draft_angle

An extruded _face_solid_with_draft_angle is a type of extruded_face_solid_with_trim_conditions in
which a draft angle is applied along the length of the extrusion. The cross-section of the extrusion at the
position of defining face is identical with the area of that face, and is unaffected by the draft angle.

At any point on the faces generated by the extrusion, the draft angle is the angle between the tangent
plane to the surface and the direction of extrusion. If the angle is positive the cross sectional area of the
solid will decrease in the positive direction of extrusion, and vice versa.

NOTE Figure 26 in clause 4.4.48 illustrates the extruded_face_solid_with_draft_angle, the extrusion: bejng
trimmed where it meets the surfaces of two solids.

EKPRESS specification:

ENTITY extruded_face_solid with_draft_angle

SUBTYPE OF (extruded_face_solid _with_trim_conditions)y
draft_angle : plane_angle_measure;

WHERE

WR1: draft_angle <> 0;

END_ENTITY;

(.

Attribute definitions:

draft_angle: the angle between tangent plané.of the surfaces generated by the extrusion and the directjon
off extrusion.

F¢rmal propositions:

WR1: The draft angle shall not have the value zero (for that case the use of the supertype extrudeg_-
face_solid_with_trim eonditions would be appropriate).

Informal prepesitions:

IR1: Ahe specified draft angle and trim conditions shall not give rise to any intersection between fhe
fapés generated by the extrusion, other than along those edges of the extrusion swept out by vertices| of
the original face.

4.4.50 extruded_face_solid_with_multiple_draft_angles

An extruded_face _solid_with_multiple_draft_angles is a type of extruded face_solid_with_trim_con-
ditions, in which different edges of the swept face have different associated draft angles. These angles
are defined in the same manner as for the extruded_face_solid_with_draft_angle. If any edge of the
swept face has no associated draft angle, the value of the angle for that edge shall be taken as zero.
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The cross-section of the extrusion at the position of defining face is identical with the area of that face,
and is unaffected by the draft angles.

EXPRESS specification:

*)

ENTITY extruded_face_solid with_multiple_draft_angles

SUBTYPE OF (extruded_face_solid_with_trim_conditions);

R e e e s S BN e e et
draft_angles : LIST[2:?] OF plane_angle_measure;
WHERE
WR1: SIZEOF (drafted_edges) = SIZEOF (draft_angles);
WR2: SIZEOF (QUERY (g <% draft_angles | g = 0)) = 0;
WR3: SIZEOF (QUERY (g <% drafted_edges | (SIZEOF (QUERY (r < g | NOT
(SELF\swept_face_solid.swept_face IN
using_items(r, [1)))) > 0))) = 0;
END_ENTITY;
(.
Aftribute definitions:

dy
dn

dy

afted_edges: alist of sets of edges of the extruded face, each edge in a set having the same associa
hft angle.

aft_angles: the draft angles specified for each set ofiedges of the extruded face.

rmal propositions:

2= £z =

R1: The number of sets of drafted’edges shall equal the number of draft angles specified.

R2: No member of the list draft_angles shall have the value zero, which is the default value apply
nen no other value is specified.

R3: Every member of every set of edge_curve instances referenced by the attribute drafted_ed
all occur in the boundary of the swept face.

Informal prep@sitions:

IH

1: AThe Tists of sets of drafted edges and draft angles shall be linked in the sense that the nth sef|

dn

ed

ng

bes

of

afted edges is associated with the nth draft angle value.

IP2: The specified draft angles and end conditions shall not give rise to any intersection between the
faces generated by the extrusion, other than along those edges of the extrusion swept out by vertices of
the original face.

4.4.51 revolved_face_solid_with_trim_conditions

A revolved_face_solid_with_trim_conditions is a type of revolved _face_solid as defined in ISO 10303-
42, which in its basic form is characterized by the angle between its two planar ends. The use of the
SELECT type termination_condition_select allows the specification of alternative end conditions on the
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generated volume. It is not required that the same type of condition is imposed at both ends of the
extrusion.

The interpretations of the different specific end conditions are as follows:

plane_angle measure: the generated solid terminates or is trimmed at specified angular distances
from the referenced face;

length_measure: not allowed for this entity;

generalized_surface select: the generated solid is trimmed where it meets a specified surfaLe,
face_surface or connected set of face_surfaces;

solid_model: the generated solid is trimmed where it meets the boundary of a specified solid model.

The supertype revolved_face_solid has an attribute angle, of type plane_angle measure, that speciIes
the angular extent of the generated solid, measured from the defining cross-sectional face. For an instarjce
of] revolved _face_solid_with_trim_conditions trimming is interpreted in a very general sense, and the
trimmed volume may extend in angular terms beyond the original volume defined by the supertypefin
either direction. In particular, if either termination condition is of type’ plane_angle measure its value
mhy exceed that of the angle attribute of the supertype, so that"the original extrusion is extended|in
the positive direction, or its value may be negative, in which“case the original cross-sectional facq is
erhbedded in the resulting volume rather than forming ong of\its bounding faces. Similar extensions{ of
the original volume may be obtained by the use of the other types of termination condition.

EKPRESS specification:

ENTITY revolved_face_solid with_trim conditions
SUBTYPE OF (revolved_face . solid);

first_trim condition.S® trim_condition_select;
second_trim_condition/ : trim_condition_select;
WHERE

WR1: NOT (("MEASURE_SCHEMA.LENGTH_MEASURE'
IN TYPEOF (first_trim_condition))
OR (! MEASURE_SCHEMA.LENGTH_MEASURE’
INNTYPEOF (second_trim_condition)));
WR2: N@T((('MEASURE_SCHEMA.PLANE_ANGLE_MEASURE’
IN TYPEOF (first_trim_condition)) AND
(" MEASURE_SCHEMA .PLANE_ANGLE_MEASURE’
IN TYPEOF (second_trim_condition))) AND
tfirst—trimconditionr — Second_trim _condrtiony )y
END_ENTITY;
(*

Attribute definitions:

first_trim_condition: the first trim condition on the solid of revolution.

second_trim_condition: the second trim condition on the solid of revolution.
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Formal propositions:

WR1: The selection length_measure shall not be used for either trim condition in an instance of this
entity.

WR2: If both trim conditions are angle measures, their values shall not be equal.

Informal propositions:

IH1: For no instance of this entity shall the generated solid exhibit self-intersection.

NOTE Self-intersection will occur if the angle of revolution exceeds 360° (27 radians), but it is not' possiblg to
wiite this condition in formal terms for general trim conditions.

4.4.52 auxiliary_geometric_instance_aggregator

Ah auxiliary_geometric_instance_aggregator is a type of geometric_representation_item collecting
ingtances associated with a shape creation operation that are not directly or-indirectly referenced by if.

EXAMPLE In a sketch-based solid of extrusion the sketch concerned may(be based on an instance of face_spr-
fape (see ISO 10303-108). The curves defining the edges of the face-surface may be subject to explicit constraifts.
Injthe corresponding ISO 10303 representation the instances defining4heéxplicit constraints have direct referenpes
to|the curve instances they constrain, but the face_surface instance, for historical reasons, has no direct referefce
to|the constraints that apply to it. Thus in order to determine Which shape element of a transferred represerjta-
tidn a particular constraint applies to, it is necessary to search'the entire model to determine the shape elemen{ or
el¢gments that contain the curves referenced by the constraint. The use of an instance of auxiliary_geometric._-
inptance_aggregator will permit a direct association to-be established between the extrusion and the constraints
applying to its defining sketch.

=

NOTE 1 The use of the entity defined in this/clause is not mandatory in the transfer of a procedural shape model,
because the information it summarizes mdy-be obtained by exhaustive search processes on the data in an ISO
19303 procedural model representation.

NOTE 2 By contrast with ISQ 10303 representations of shape, which are global in nature, the data structures
ofmost CAD systems are based on local shape configurations such as sketches and shape features. These local
configurations provide diréct)references to all auxiliary elements involved in their complete specification. Thus
th¢ information content0f dn instance of auxiliary_geometric_instance_aggregator is readily available at the gre-
prpcessing stage, and.ifs’'use in postprocessing will significantly reduce the amount of searching needed to establiish
correct relationshipsin the transferred model.

EXKPRESS specification:

*)
ENTITY auxiliary_geometric_instance_aggregator
SUBTYPE OF (geometric_representation_item);

shape_element : geometric_representation_item;
auxiliary_items : SET[1l:?] OF geometric_representation_item;
WHERE

WR1: SIZEOF (QUERY (g <% auxiliary_items |
shape_element IN using_items(qg,[1))) = 0;
END_ENTITY;
(*
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Attribute definitions:

shape_element: the creation operation for a shape element of a procedural representation.

auxiliary items: the auxiliary items that reference the shape element but are not directly or indirectly
referenced by it.

Formal propositions:

WR1: The shape_element shall not reference any member of the set of auxiliary_items, either direqgtly
orl indirectly.

45 Solid shape element function definitions
4.5.1 check_continuous_edges

The function check_continuous_edges checks whether the members of a list-of distinct edges, taken| in
order of their occurrence in the list, form a connected track.

NOTE This function is analogous to the function path_head _to_tail as defined in ISO 10303-42. Howeyer,
th¢ input to path_head_to_tail is a path composed of instances of oriented_edge, whereas the input to check_-
continuous_edges is a list of instances of edge_curve. The lack of censistent orientation of these edges requires
the use of slightly more complex logic to establish their connectivity.

EKPRESS specification:

FUNCTION check_continuous_edges: (edges : LIST OF UNIQUE edge_curve)

BOOLEAN;
LOCAL
i : INTEGER;
next_vertex : vertex;
END_LOCAL;

—-— first ch€ek’ whether there is only one edge in the list: in this
—— case there is no connectivity to be checked.

IF (SIZEOF (edges) = 1)
THENRETURN (TRUE) ;
END>TF;

—— otherwise, establish the matching vertices of edges 1 and 2 in
—-— the list, and determine the vertex of edge 2 to which edge 3,
—-— must be connected, if there are more than two edges in the list.

IF ((edges[2].edge_start :=: edges[l].edge_end)
XOR (edges[2].edge_start :=: edges[l].edge_start))
THEN next_vertex := edges[2].edge_end;
ELSE
IF ((edges[2].edge_end :=: edges[l].edge_end)
XOR (edges[2].edge_end :=: edges|[l].edge_start))
THEN next_vertex := edges[2].edge_start;
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ELSE RETURN (FALSE); —-- no match between any vertices of edges 1 and 2
END_TIF;
END_IF;

—-— exit 1f there are only two edges and they are connected

IF (SIZEOF (edges) = 2)
THEN RETURN (TRUE) ;
END_IF;
—— otherwise, check that any remaining edges are connected in list order.
REPEAT i := 3 TO HIINDEX (edges);
IF (edges[i].edge_start :=: next_vertex)
THEN next_vertex := edges[i].edge_end;
ELSE
IF (edges[i].edge_end :=: next_vertex)
THEN next_vertex := edges[i].edge_start;
ELSE RETURN (FALSE); —-- no match is found.
END_IF;
END_IF;
END_REPEAT;
RETURN (TRUE); —-- all edges have now been successfudly checked.

END_FUNCTION;

Atrgument definitions:

edges: the list of distinct edges whose connectivity is to be checked.

4.5.2 compute_total_depth

The function compute_total_depth calculates the overall depth of the hole in an instance of solid_wit|
stepped_round_hole in terms‘of the depths of its individual hole segments.

EKPRESS specification:

FUNCTIONSCompute_total_depth (swsrh : solid _with_stepped_round_hole)
positive_length_measure;

TOCATL

i : INTEGER;

td : positive_length_measure := 0;
END_LOCAL;
REPEAT i := 1 TO swsrh.segments;

td := td + swsrh.segment_depths[i];

END_REPEAT;
RETURN (td) ;

END_FUNCTION;
(*
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Argument definitions:

swsrh: the solid_with_stepped_round_hole for which the total depth of the hole is to be calculated.

4.5.3 validate_countersink_radii

The function validate_countersink_radii checks that the values of the countersink radii specified in
an instance of solid_with_stepped_round_hole_and_conical _transitions are consistent with the radii of
the hole segments, and returns the value TRUE if so. No limit is imposed on the radius of the initial
cqUMETSinK; arthe frofe entry, or (I the ¢ase of a trougit Tote) on the radius of the fast countersink at the
hgle exit, though in these two cases the apex angles of any countersinks defined there are requiredito|be
pasitive and negative, respectively. Otherwise, at all internal changes of radius between hole“segmepts
the countersink radius is required to lie between the smaller and larger radii of the two adjoining hple
segments, and the signs of the apex angles of the conical transitions are required to beeonsistent with
the increase or decrease of hole radius at each transition.

EXPRESS specification:

FUNCTION validate_countersink_radii

(cskhole : solid _with_stepped_round_hole_and¥conical_ transitions)
BOOLEAN;
LOCAL
i, : INTEGER;
n : INTEGER := 1 +«+

cskhole\solad_with_stepped_round_hole.segments;
smaller, larger : positive_length_measure;
END_LOCAL;

REPEAT i := 1 TO SIZEOF (cskhole.conical_transitions);

—-— First check whetNer transition i applies to the entry of the hole or
—— the exit of a blind hole - those cases only need to be checked for
—— the sign of the cone apex angle.

IF (((cskhote~conical_transitions[i].transition_number = 1)
AND {(e¢skhole.conical_transitions[i].cone_apex_angle < 0))
XOR ((&&khole.conical_transitions[i].transition_number = n)
BMND (cskhole.conical_transitions[i].cone_apex_angle > 0)))
THENS>RETURN (FALSE) ;
ELSE

TF ((cskhole conical transitions[i] transition number 1)

AND (cskhole.conical_transitions[i].transition_number <> n))
THEN

—-— For all remaining transitions, check that the cone base radius
—-— lies in the range of validity.

BEGIN
j := cskhole.conical_transitions[i].transition_number;
IF cskhole\solid_with_stepped_round_hole.segment_radiil[j]
> cskhole\solid_with_stepped_round_hole.segment_radii[j-1]
THEN
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BEGIN
IF (cskhole.conical_transitions[i].cone_apex_angle > 0)
THEN RETURN (FALSE) ;
END_IF;
larger
:= cskhole\solid_with_stepped_round_hole.segment_radii[j];
smaller
:= cskhole\solid_with_stepped_round_hole.segment_radii[j-17;
END;
ELSE
BREGIN

EN

A

IF (cskhole.conical_transitions[i].cone_apex_angle < 0)
THEN RETURN (FALSE) ;

END_IF;
larger
:= cskhole\solid_with_stepped_round_hole.segment_radii[j-11];
smaller
:= cskhole\solid_with_stepped_round_hole.segmgnit-radii[]j];
END;
IF ((cskhole.conical_transitions[i].cone_basesradius > larger)

OR (cskhole.conical_transitions[i].cone_bdse _radius < smaller)
THEN RETURN (FALSE) ;
END_IF;
END_IF;
END;
END_IF;
END_IF;
END_REPEAT;
RETURN (TRUE) ;

(D_FUNCTION;

‘gument definitions:

SV
te

E

Fsink radii is to be cheeked.

XPRESS specification:

EN

D /SCHEMA; —- solid_shape_element_schema

74
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Annex A
(normative)

Short names of entities

Table A.1 provides the short names of entities specified in this part of ISO 10303. Requirements on the
use of short names are found in the implementation methods included in ISO 10303.

Table A.1 — Short names of entities
Entity data type names \ Short names

auxiliary_geometric_instance_aggregator AGIA
complex_shelled_solid CMSHSL
conical _stepped_hole_transition CSHP
double _offset_shelled _solid DOSS
edge_blended _solid EDBLSL
extruded_face_solid_with_draft_angle EFSWDA
extruded face_solid_with_multiple_draft_angles EFSWMD
extruded _face_solid_with_trim_conditions EFSWTC
modified_solid MDFSLD
modified_solid_with_placed_configuration MSWPC
offset_face_solid OFFCSL
revolved _face_solid_with_trim_conditions RFSWTC
sculptured_solid SCLSLD
sculptured_solid_with_selection SSWS
shelled _solid SHLSLD
solid_with_angle_based_chamfer SWABC
solid_with_chamfered _edges SWCE
solid_with_circular_pattern SWC1
solid_with_circular pocket SWCP
solid_with_circular-protrusion SWCO0
solid_with_comnical _bottom_round_hole SWCBRH
solid_with_constant_radius_edge_blend SWCREB
solid_with/ curved _slot SWCS
solid with_depression SLWTDP
solid_with_double_offset_chamfer SWDOC
solid_with_flat_bottom_round _hole SWFBRH
solid_with_general_pocket SWGP
solid_with_general_protrusion SWGO
solid_with_groove SLWTGR
solid_with_hole SLWTHL
solid_with_incomplete_circular_pattern SWICP
solid_with_incomplete_rectangular_pattern SWIRP
solid_with_pocket SLWTPC
solid_with_protrusion SLWTPR
solid_with_rectangular_pattern SWRI1
solid_with_rectangular_pocket SWRP
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