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Foreword

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

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

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

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 10303-111 was prepared by Technical Committee ISO/TC184/SC4, Industrial automation systems
and integration, Subcommittee SC4, Industrial data.

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

Each part of ISO 10303 is a member of one of the following series: description methods, implementation
methods, conformance  testing  methodology and  framework, integrated  generic
resources, integrated application resources, application protocols, abstract test suites, application
interpreted constructs, and application modules. ISO 10303-111 is a member of the integrated appli-
cation resources series. The integrated generic resources and the integrated application resources specify
a single conceptual 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>
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation of product infor-
mation and for the exchange of product data. The objective is to provide a neutral mechanism capable of
describing products throughout their life cycle. This mechanism is suitable not only for neutral file ex-
change, but also as a basis for implementing and sharing product databases, and as a basis for archiving.

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

A set of solid modelling shape elements is defined that provide a capability for the exchange of feature-
based CAD solid models, expressed in terms of the sequence of successive creation or modification
operations used to build them. This kind of representation of a product shape model is referred to as
a procedural, history-based or construction history model. The essential underlying resource for the
representation of models of this type is ISO 10303-55, which provides the mechanism for capturing the
sequence of operations, and defines the intended interpretation of the entities defined in this part of ISO
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 into a
solid shape model. The relationship of this schema to other schemas that define the integrated resources
of ISO 10303 is illustrated in Figure 1 using the EXPRESS-G notation. EXPRESS-G is defined in annex
D of ISO 10303-11:2004. The schemas occurring in Figure 1 are components of ISO 10303 integrated
resources, 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
topology_schema 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
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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
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INTERNATIONAL STANDARD 1ISO 10303-111:2007(E)

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

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

1 Scope

This part of ISO 10303 specifies resource constructs for representing the complex shape elements, some-
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 products
represented in terms of their constructional history.

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

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

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

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

— the representation of solids having shape configurations characteristic of certain manufacturing fea-
tures, including several types 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 defined
in ISO 10303-42.

The following 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.
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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: Specifica-
tion of basic notation

ISO 10303-1, Industrial automation systems and integration — Product data representation and ex-
change — Part 1: Overview and fundamental principles

ISO 10303-11:2004, Industrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: The EXPRESS language reference manual

ISO 10303-41, Industrial automation systems and integration — Product data representation and ex-
change — Part 41: Integrated generic resource: Fundamentals of product description and support

ISO 10303-42, Industrial automation systems and integration — Product data representation and ex-
change — Part 42: Integrated generic resource: Geometric and topological representation

ISO 10303-43, Industrial automation systems and integration — Product data representation and ex-
change — Part 43: Integrated generic resource: Representation structures

ISO 10303-50, Industrial automation systems and integration — Product data representation and ex-
change — Part 50: Integrated generic resource: Mathematical constructs

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

ISO 10303-108, Industrial automation systems and integration — Product data representation and ex-
change — Part 108: Integrated application resource: Parameterization and constraints for explicit geo-
metric product models

3 Terms, definitions and abbreviations

3.1 Terms defined in ISO 10303-1

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

— application context;

— application protocol (AP);

— data exchange;
Documents
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— exchange structure;

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

— product data.

3.2 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.

3.3 Terms defined in ISO 10303-42

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

— constructive solid geometry (CSG);

— coordinate space;

— dimensionality;

— model space.

34 Terms defined in ISO 10303-43

For the purposes of this document, the following terms defined in ISO 10303-43 apply.

— context of representation;
— element of representation;

— representation.
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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;

— procedural model;

— sketch.

3.7 Other terms and definitions
For the purposes of this document, the following definition applies.

3.7.1
track
continuous 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 not a requirement for a track.

3.8 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)
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4 Solid shape element

4.1 Introduction

ISO 10303-111:2007(E)

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

(text);

REFERENCE FROM measure_schema
(length_measure,
plane_angle_measure,
positive_length_measure,

positive_plane_angle_measure);

REFERENCE FROM geometry_schema
(axis2_placement_3d,
bounded_curve,
bounded_surface,
curve_bounded_surface,

geometric_representation_item,

point,
point_on_curve,
surface);

REFERENCE FROM topology_schema
(connected_face_set,
edge_curve,
face_surface,
open_shell,

topological_representation_item,

vertex) ;

REFERENCE FROM geometric_model_schema

(boolean_result,
csg_primitive,
extruded_face_solid,
primitive_2d,
revolved_face_solid,
solid_model,
swept_face_solid);

REFERENCE FROM representation_schema

(representation_item,
using_items);
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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);

(*

NOTE 1 The schemas referenced above can be found in the following parts of ISO 10303:

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 1ISO 10303-50
explicit_geometric_constraint_schema ISO 10303-108
sketch_schema ISO 10303-108

NOTE 2  See annex D for a graphical presentation of this schema using the EXPRESS-G notation.

NOTE 3 A listing of the complete EXPRESS schema specified in this part of ISO 10303, without comments 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) Extrusion and revolution operations based on 2D sketches;
b) Boolean operations, for the combination of simpler shapes into more complex ones;

¢) ‘Local operations’ that create local modifications on a pre-existing solid.

The use of ISO 10303-55, which provides the mechanisms needed for the capture and transfer of proce-
dural 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
complex geometric elements that can be used to create local modifications of a solid shape model during
the course of a design procedure. Again, the essential underlying resource is ISO 10303-55, 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
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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 illustra-
tions 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
basic extrusion and revolution operations specified in ISO 10303-42.

Some of the entities defined in this schema specify operations which, in the originating system, required
the user to select one or more elements from the model as displayed on the screen of that system. In all
such cases, the selection operations are captured and transferred by requiring the originating system to
transmit explicit representations of the selected entities that enable the receiving system to reconstruct
the selection procedure. The mechanism underlying this process is fully described in ISO 10303-55, a
knowledge of which is fundamental to the understanding of this part of ISO 10303.

NOTE 2  Proof-of-concept transfers have confirmed that all major CAD systems can support the ISO 10303-55
approach for the capture and transfer of user-selected elements in exchanges of procedurally defined models.

The initial application context for the shape configurations defined in this part of ISO 10303 is the detail
design of mechanical engineering parts without complex sculptured geometry. The use of ISO 10303-55
allows the procedural modelling of that type of geometry, if required, through the direct invocation of
B-spline and related types of geometric entities defined in ISO 10303-42. That approach is possibly not
optimal, and more convenient procedures for the creation and modification of free-form surface geometry
may be included in a future edition of this document.

4.3 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 extrusion
and revolution generated by sweeping 2D sketches.

The entity csg_primitive in the SELECT list is itself a SELECT type, allowing the entity primitive 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;

(*

Formal propositions:

WR1: The entity primitive_2d shall not be permitted as a choice of base_solid_select.

4.3.2 blend_end_condition_select
The blend_end_condition_select enumerates possibilities for the termination conditions on a blend of a

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

EXPRESS specification:

x)
TYPE blend_end_condition_select = SELECT
(point_on_curve,
edge_curve,
vertex) ;
END_TYPE;
(*

4.3.3 generalized_surface_select

The generalized surface select type specifies surfaces and other surface-based geometric elements suit-
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).

EXPRESS 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;
(*
4.3.5 blend _radius_variation_type

The blend_radius_variation_type enumerates possibilities for the variation of the radius of a blend along
an edge, or a sequence of edges, between points at which specific values are given.

EXPRESS specification:

*)

TYPE blend_radius_variation_type = ENUMERATION OF
(linear,
cubic,
unspecified);

END_TYPE;

(*

Enumerated item definitions:

linear: the blend radius varies linearly between radius definition points.
cubic: the blend radius varies as a cubic between radius definition points.

unspecified: 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).
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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 length_-
measure, before it meets any other geometric element of the model under construction;

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

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

unspecified: No descriptive specification is given.

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

4.4 Solid shape element entity definitions
44.1 modified_solid

A modified solid is a type of solid_model (as defined in ISO 10303-42) resulting from the creation of
a new constructional element on an existing solid. Its attribute base_solid specifies the original solid
upon which the modification is created. An attribute rationale is provided for the capture of textual
information, if available, explaining the reasons for the use of the particular constructional operation
concerned in the design sequence where it occurs.

EXPRESS specification:

*)
ENTITY modified_solid
ABSTRACT SUPERTYPE OF (ONEOF
(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
associated with a design procedure involving a sequence of such operations, where the designer’s choice of a
particular sequence may have significance.

4.4.2 edge_blended_solid

An edge blended_solid is a type of modified _solid representing the result of blending one or more edges
of the original base solid. The blend may take the form of a chamfer, in which case the result will not be
a smooth 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 faces.

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

NOTE 2 Various types of blends may be defined between two or more solids, or between two or more surfaces
not belonging to a solid model, but such blends are currently excluded from this schema.

In manifold solid modelling, no more than two faces adjoin at an edge. The blending modification causes
that edge to disappear from the modified model; it is replaced by an interpolated face that blends the two
faces previously separated by the edge concerned.

The exchange of a procedural representation of the blended model requires the exchange file to contain
explicit representations of the original unblended edges, as defined in the sending system, to enable the
corresponding 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 of the explicit edges concerned.

NOTE 3 The base solid may in fact be of type solid_-model, csg_primitive or boolean_result. The only case
for which explicitly defined edges 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, can generate a
secondary representation 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:

blended_edges: a list of distinct edge_curve instances specifying unblended edges of a manifold bound-
ary representation of the original base solid.

44.3 track_blended_solid

A track_blended solid is a type of edge_blended _solid in which the edges to be blended form a contin-
uous open or closed track. A WHERE rule is imposed to ensure 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 edges
connected end to end so that it is possible to traverse all the edges in the list continuously from an initial vertex to
a final vertex. The initial and final vertices may be the same in the case of a closed track. The difference is that a
path consists of instances of oriented_edge, so that there is a sense associated with the path as a whole. A track,
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 instantiable
subtypes 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 track is
a sequence of five edges of the volume created by extruding a rectangle with two rounded corners. Since the
blend is a constant radius blend, this solid can be represented by a complex instance of track_blended solid and
solid_with_constant_radius_edge_blend.

EXPRESS specification:

*)
ENTITY track_blended_solid
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 terminate at the end points of the specified track of edges. For this type of blended
solid, the extremities of the blend are defined by the SELECT type blend_end_condition_select (see
clause 4.3.2). This allows the three following choices:

a) 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, whose
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 end
of the blend will terminate at an end vertex of the track, as in the case of the supertype track_blended_-
solid. In that case the selected condition at the end where no special condition is imposed shall be of the
vertex-based type. The vertex concerned is required to be instance identical with the initial vertex of the
first edge in the track or the final vertex of the last edge.

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

The creation of a track_blended_solid_with_end_conditions will involve, in the sending system, user
selection of the terminal elements of the blend, if they are of the point or edge_curve types. The exchange
file will need to contain explicit representations of those elements, as defined in the sending system, to
enable the corresponding elements 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 end_conditions is
provided for the capture and transfer of the explicit elements concerned. The occurrence of an end
condition of the vertex type will inform the receiving system that no special condition has been imposed
at the blend boundary concerned. In that case no selection will be necessary. The vertex to be instanced
will be available explicitly, because it belongs to one of the explicitly transferred edge_curve instances
composing the track.

NOTE 1 Figure 6 in clause 4.4.6 shows an example of a track_blended_solid_with_end_conditions, in which
the blended track is a sequence of five edges of the volume created by extruding a rectangle with two rounded
corners. Since the blend is a variable radius blend, this solid can be represented by a complex instance of track_-
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[1].edge_start)
XOR (end_conditions|[1]
:=: SELF\edge_blended_solid.blended_edges[1l].edge_end))));
WR4: NOT ( (' GEOMETRY_SCHEMA.VERTEX’ IN TYPEOF (end_conditions[2]))
AND (NOT ((end_conditions[2]
:=: SELF\edge_blended_solid.blended_edges [HIINDEX (
SELF\edge_blended_solid.blended_edges) ] .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:

end_conditions: the point, edge_curve or vertex instances used to define the extremities of the blend.

Formal propositions:

WR1: This entity shall only be instanced as a complex instance with one of the entities solid_with_con-
stant_radius_edge_blend, solid_with_variable _radius_edge_blend or solid_with_chamfered_edges.

WR2: The end conditions on the blend shall not both be defined by terminal vertices of the specified
track of edges.

WR3: If the initial end condition is specified in terms of a vertex, that vertex shall be a vertex of the first
edge in the track.

WRA4: If the final end condition is specified in terms of a vertex, that vertex shall be a vertex of the last
edge in the track.

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 ensure
satisfaction of IP2.

4.4.5 solid_with_constant_radius_edge_blend

A solid_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 transferred 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 radius 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
those two surfaces are the trim curves of the blend surface.

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

For a solid_with_constant_radius_edge_blend 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 the same way. In such a case it is not necessary to create a complex instance with track_blended_-
solid. However, if a continuous track of edges is specified, and particularly if specialized end conditions
are imposed on the blend then a complex instance shall be created with track_blended _solid or track_-
blended _solid_with_end_conditions, as appropriate.

NOTE 2 An L-shaped block is shown in Figure 2. The creation of a constant radius blend on the single concave
edge 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:

radius: the value of the constant blend radius.

R

Figure 2 — L-section block

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

A solid_with_variable_radius_edge_blend is a type of edge_blended_ solid in which different radius
values are specified at selected points of each of the edges concerned, and a specified interpolation
method is used to compute blend radius values at intermediate points.

As stated in clause 4.4.5, the geometry of the transferred blend is assumed to be of the rolling ball type,
though 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 this entity it is required that the edges blended shall be joined end-to-end in an open
or closed track. This is necessary to ensure the correct correspondence of the specified radius-defining
points with the edges concerned. This entity shall therefore only be instantiated as a complex instance
with track_blended_solid or, if specialized end conditions are imposed on the blend, track_blended -
solid_with_end_conditions. If any edge is required to have a constant radius blend, even though the track
blend as a whole has a variable radius, then that edge shall be treated as an edge with linear variation of
blend radius, with the same radius value being specified at each of its end points.

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.
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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
blending 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 on its concave
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 defined 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
rounded 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_blended_solid);

point_list : LIST[2:?] OF point;

radius_list : LIST[2:?] OF positive_length_measure;

edge_function_list : LIST[1:?] OF blend_radius_variation_type;
WHERE

WR1: SIZEOF (point_list) = SIZEOF (radius_list);
WR2: SIZEOF (edge_function_list) = SIZEOF (radius_list) - 1;
WR3: NOT ((point_1list[1l] = point_1list[HIINDEX (point_1list)]) AND NOT
(radius_1list[1l] = radius_list[HIINDEX (radius_1list)]));
END_ENTITY;
(*

Attribute definitions:

point _list: the list of points at which the radius is specified.
radius_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
the basis curve of the edge_curve on which that point lies.

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-
tent manner. In such a case it is not necessary to create a complex instance with track_blended_solid.
However, if a continuous track of edges is specified, and particularly if specialized end conditions are
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.

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 curves in each of the three sub-
types of this entity specified below. No relationship is defined here between the rulings of chamfer surfaces
and the parameterization of the bounding curves that are used in constructing them, because different CAD
systems may differ in how they address this detail;

b) In principle, offset distances are measured along geodesics (curves of shortest distance) on the surfaces con-

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

Despite 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_chamfered_edges
ABSTRACT SUPERTYPE OF (ONEOF
(solid_with_single_offset_chamfer,
solid_with_double_offset_chamfer,
solid_with_angle_based_chamfer))
SUBTYPE OF (edge_blended_solid);
END_ENTITY;
(*

Informal propositions:

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
new chamfer face.

EXPRESS specification:

*)

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

END_ENTITY;

(*

Attribute definitions:

offset_distance: the offset distance, from the original edges, of the curves used in defining the chamfer
surface.

4.4.9 solid_with_double_offset_chamfer

A solid_with_double_offset_chamfer is a type of solid_with_chamfered_edges in which the chamfers
are created as in the case of the solid_with_single_offset_chamfer except that the chamfer boundaries are
offset by different distances from the edge being chamfered. Two offset distance attributes are therefore
defined. 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
outside 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
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 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

Figure 7 — Solid with double offset chamfer

4.4.10 solid_with_angle _based_chamfer

A solid_with_angle_based_chamfer is a type of solid_with_chamfered _edges in which the chamfers are
defined in terms of an offset curve on one of the faces adjoining at the edge concerned and an offset angle
measured with respect to the surface of that face. The BOOLEAN attribute left_offset is used to determine
whether the offset curve is defined on the face to the left or to the right of the topological edge being
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 to the left of the topo-
logical edge being chamfered, and FALSE otherwise.

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

Informal propositions:

IP1: The value of offset_angle shall be less than 90° (7 /2 radians).

NOTE 3 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 8 — Solid with angle based chamfer

44.11 surfaced_open_shell

A surfaced_open_shell is a type of open_shell (as defined in ISO 10303-42) with the constraint that all
faces 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

sculptured_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(qg)))) = 0;
END_ENTITY;
(*
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