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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried optthrough+SO-techrical-committees—Eachmemberbedy-interested—a-subjectforwhich-—a
technical| committee has been established has the right to be represented on that committee.
Internatignal organizations, governmental and non-governmental, in liaison with 1SO, also take part-in
the work]| ISO collaborates closely with the International Electrotechnical Commission (IEC) on afl
matters of electrotechnical standardization.

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

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

Attention| is drawn to the possibility that some of the elements of this part of ISO 10303 may be the
subject of patent rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10303-112 was prepared by Technical Committee ISO/TC 184, Industrial automation systems
and integfration, Subcommittee SC4, Industrial data.

ISO 103(3 consists of a series of parts, under the-general title Industrial automation systems and
integratign — Product data representation and-€xchange. The structure of ISO 10303 is described in
ISO 10303-1.

Each paft 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
interpretgd constructs, and apgplication modules. This part is a member of the integrated application
resourceq series. The integrated generic resources and the integrated application resources specify a
single copceptual product data model.

A compldgte list of parts of 1ISO 10303 is available from the following URL:

http://www.tcl84-sc4.org/titles/STEP_Titles.htm

Vi © SO 2006 — Al rights reserved
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation of product
information 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 exchange, but also as a basis for implementing and sharing product databases, and as a
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is part of 1SO 10303 is a member of the integrated application resources series. This part 013
303 specifies the procedural_sketch schema.

is part of 1SO 10303 provides general resources for the representation of modelling~commands
p exchange of procedurally represented 2D CAD models. Procedural models havé’the advantage

erations. Such models are said to embody design intent, in the sense that modifications to thg
nform to the method of creation used by their original creator, and they also comply with &
nstraints implied by the particular constructional operations used.

0 10303-55 specifies the resource constructs for the representation“of models of the procedural
bm. The mechanisms provided in ISO 10303-55 allow the use of entity data types specified in t

rt of 1ISO 10303 for representations of the operations.

bources of ISO 10303 are illustrated in Figurel using EXPRESS-G notation. EXPRESS-G
fined in ISO 10303-11:2004, Annex D. The schemas occurring in Figure 1 are components of IS

303 integrated resources, and they are specified in the following resource parts:
measure_schema ISO 10303-41
geometry_schema 1ISO 10303-42
geometric_model_schema 1ISO 10303-42
sketch_schema ISO 10303-108
explicit_geometric_constraint_schema ISO 10303-108

geometry_schema

procedural_sketch
schema e

-l = -

measure_schema

O

ing easy to edit, simply by changing values of parameters used as arguments of-their constructiofal

nstruction history type, defined in terms of the sequence of constructional operations used to bujld

e relationships of the schema in this part of 1ISO 10303 to other schemas that define the integrated
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explicit_geometric_
constraint_schema
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Figure 1 — Schema level diagram of relationships between the 1SO 10303-112 schemas and
other resource schemas
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TERNATIONAL STANDARD 1ISO 10303-112:2006(E)

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

P

I .. _ :
eEchange of procedurally represented 2D CAD models

TH
co

TH

THh
fo

pa

art 112:

Scope

is part of ISO 10303 specifies the resource constructs for the representation of 2D modelli
mmands for use in the exchange of procedurally represented 2D CAD models. A procedural mo

is defined in terms of the sequence of 2D modelling operations used te-build it.

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

entities representing creation commands for geometticelements such as lines, arcs, chamfers
and fillets;

entities representing transformation operations‘such as rotations and translations.
e following are outside the scope of this part of ISO 10303:

the identification of selected entities by interactive picking in a procedural model;

the specification of sequentces‘of modelling commands;

query, deletion and modification commands (except in the case where the modification is a
transformation);

dimensionipg and constraining commands for 2D modelling.

rts of 1SO 10303.

the

g
el

e first and.sécond capabilities in the out of scope list above are provided by ISO 10303-55, and the
Urth by 1S@ 10303-108. This part of 1SO 10303 is designed to be used in conjunction with thg

Se

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For updated 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. Specification of basic notation.

©l
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ISO 10303-1, Industrial automation systems and integration — Product data representation and
exchange — Part 1: Overview and fundamental principles.

ISO 10303-11:2004, Industrial automation systems and integration — Product data representation

an

d exchange — Part 11: Description methods: The EXPRESS language reference manual.

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

ISO 10303-42, Industrial automation systems and integration — Product data representation and

€X

hange — Part 427 ntegrated generic TeSoUTTe: GEOMELTiC and topofogicat Tepresentation:

ISO 10303-55, Industrial automation systems and integration — Product data representation a

exchange — Part 55: Integrated generic resource: Procedural and hybrid representation.

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

exchange — Part 108: Integrated application resource: Parameterization and constraints for expli
gelometric product models.

Terms, definitions, and abbreviations

3.1 Termsdefined in ISO 10303-1

r the purposes of this document, the following term defined in ISO 10303-1 applies.

application.

P Terms defined in 1SO 10303-11

r the purposes of this document, the'fetlowing terms defined in 1ISO 10303-11 apply.
entity;
entity data type;

instance.

B Terms,defined in 1SO 10303-55

r the purposes of this document, the following terms defined in 1ISO 10303-55 apply.

explicit selected elements:;

nd

nd
cit

—  procedural model.

3.4 Terms defined in 1SO 10303-108

For the purposes of this document, the following terms defined in 1ISO 10303-108 apply.

—  constraint;

— explicit constraint;

© ISO 2006 — Al rights reserved
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—  sketch.

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

351
sketch command
command for the creation of one or more sketch elements.

3.p  Abbreviations
Fqgr the purposes of this part of ISO 10303 the following abbreviations apply:
CAD computer aided design

IR integrated resource (of 1ISO 10303)

4| Procedural sketch

411 Introduction

The following EXPRESS declaration begins the procedurahsketch schema and identifies the necessary
exernal references.

EXPRESS specification:

*

SGHEMA procedural_sketch_schema;

REFERENCE FROM measure_schema -— 1SO 10303-41
(count_measure,
length_measure,
plane_angle_measure(
positive_length_measure,
positive_plane_angle _measure,
positive_ratig-measure);

REFERENCE FROM)geometry_schema -- 1SO 10303-42
(cartesian<point,

circle;

conic,

cross' product,

curve,

direction
geometric_representation_item,
line,

point_on_curve,
trimmed_curve);

REFERENCE FROM geometric_model_schema -- IS0 10303-42
(geometric_curve_set
geometric_set);

REFERENCE FROM sketch_schema -- 1SO 10303-108
(sketch_element_select);

© ISO 2006 — All rights reserved 3
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REFERENCE FROM explicit_geometric_constraint_schema -- 1S0O 10303-10

(near_point_relationship,
non_negative_length_measure);

(*

NOTE 1 The schemas referenced above are specified in the following part of 1ISO 10303:

measure_schema ISO 10303-41
geometry_schema 1SO 10303-42
geometric_model_schema 1ISO 10303-42
sketch_schema 1SO 10303-108
p\(plir‘if_gnnmp’rrir‘_{‘nncfminf_cr‘hnma 1SO 10303-108

8

N(

TH
cr
r

D

N(
the

4.

It
us

4

TH

o))

DTE 2 See annex D, Figures D.1 — D.16, for a graphical presentation of this schema.

P Fundamental concepts and assumptions

pation of a sketch. The intention is to provide a means for the exchange of procedu
presentations of sketches and other 2D geometric models.

DTE1 A common application of such a sketch is extrusion or rotation toigenerate a 3D model.

DTE 2 The commands specified in this part of ISO 10303 are conpcérned purely with geometry. HoweV
capabilities of ISO 10303-108 may be used to parameterize or constrain elements of the created geometry.

p.1 Identification of selected entities

is intended that selected items_in_procedural_shape_rep as defined in ISO 10303-55 shall
ed for the identification of elements selected by the user from the CAD system screen.

2.2 Representation of construction history

e sequence of operations used to create a 2D sketch model is referred to as a construction history

= m

HoHE H H H

#1

procedural model. This part of 1ISO~10303 is intended to be used in conjunction with 1ISO 10303-§
ich provides the mechanisms:to-capture the sequence of operations.

AMPLE  To represent a-construction history, procedural_shape_representation_sequence from 1§

03-55 is used as follows.

=PROCEDURAL,-SHAPE_REPRESENTATION_SEQUENCE('Example',(#33,#34,#13,#14,
),$,'sketchl");

=SKETCH \OPERATE_FILLET(Fillet1'#17,#18,2.,.T.);
=USER\SELECTED_SHAPE_ELEMENTS(",(#17));

=USER* SELECTED_SHAPE_ELEMENTS(",(#18));
=TRIMMED_CURVE("#21,(#37),(#38),.T.,.CARTESIAN.);

e procedural sketch schema defines representations for a set of 2D modellings.commands for the

ral

#3

=FRIMMED CURVE(" #22 (#39) (#40) T CARTESIAN ):
3=CREATE_LINE_SEGMENT _2_POINTS(linel'#37,#38);

#34=CREATE_LINE_SEGMENT _2_POINTS('line2',#39 #40);

NOTE 1

In the above example, the instance of procedural_shape_representation_sequence uses instances

of the entity geometric_representation_item (defined in 1SO 10303-42) as arguments. Because the entities of

thi

NOTE 2

#2

s part of ISO 10303 are subtypes of geometric_representation_item, they can be used for this purpose.

2 are omitted.

The above example is a part of the example in clause E.1 of Annex E. Some instances such as #21,

© ISO 2006 — Al rights reserved


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

4.2.3 Representation of explicit constraints in a 2D sketch

This part of ISO 10303 is intended to be used in conjunction with 1ISO 10303-108 to represent explicit
constraints among sketch elements.

EXAMPLE  To represent explicit constraints, resources of 1ISO 10303-108 are used as shown in the following
example

#10=PROCEDURAL_SHAPE_REPRESENTATION_SEQUENCE('Example',(#35,#36,#15 #16,#11),$,'sketch
1);
#11=PARALLEL_GEOMETRIC_CONSTRAINT('constraintl',",(#23),(#24));
#1p=USER_SELECTED_SHAPE_ELEMENTS(",(#19));
#1p=USER_SELECTED_SHAPE_ELEMENTS(",(#20));
#1D=TRIMMED_CURVE(" #23,(#41),(#42),.T.,.CARTESIAN.);
#2D=TRIMMED_CURVE(" #24,(#43),( #44),.T.,.CARTESIAN.);
#2B=LINE(" #41,#27);

#M=LINE(" #43,#28);

#35=CREATE_LINE_SEGMENT _2_POINTS(line3' #41,#42);
#3p=CREATE_LINE_SEGMENT _2_POINTS('line4' #43 #44);

NOTE1 In the above example, the instance of parallel_geometric_constraint/from ISO 10303-108 uges
twp instances of line (as defined in 1SO 10303-42) as arguments. According to‘the’mechanism of 1ISO 10303-55,
thg¢se instances represent the explicit geometry of instances #35 and #36. As a result, the instance |of
pdrallel_geometric_constraint effectively constrains the geometry created by instances #35 and #36.

NOTE 2 The above example is a part of the example in clause E.1-of Annex E. Some instances such as #41,
#48 are omitted.

4.8  Procedural sketch type definitions
4381 polygon_circle_type
Alpolygon_circle_type specifies the relationship between the polygon and the circle used to create if.

EXPRESS specification:

*

TYPE polygon_circle_type = ENUMERATION OF
(inscribed,

circumscribed);

END_TYPE;

Enumerated. item definitions:

ingcribed: the polygon to be created is inscribed in the circle.

circumscribed: the polygon to be created is circumscribed about the circle.

4.3.2 circle_or_circular_arc

A circle_or_circular_arc selects a circle or circular arc. A circular arc is represented by the
trimmed_curve entity from ISO 10303-42, with the restriction that its basis curve shall be of type
circle as defined in 1SO 10303-42.

EXPRESS specification:
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*

TYPE circle_or_circular_arc = SELECT
(circle,
trimmed_curve);
WHERE
WR1: circular_type(SELF);
END_TYPE;

(*

Formal propositions:

WR1. If the type of the selected instance is trimmed_curve then its attribute basis _curve shall be of
type circle.

4.8.3 line_or_trimmed_line
Alline_or_trimmed_line selects a line or trimmed line. A trimmed line is represented by llEe
trimmed_curve entity from ISO 10303-42, with the restriction that its basis curve shall be of type line
as|defined in 1ISO 10303-42.

EXPRESS specification:

*

TYPE line_or_trimmed_line = SELECT
(line,

trimmed_curve);

WHERE

WR1: linear_type(SELF);
END_TYPE;

(zl

Farmal propositions:

WR1: If the type of the selected instance is trimmed_curve then its attribute basis_curve shall be|of
type line.

4.8.4 rotation_direction
AJrotation_direction specifies the sense of rotation.

EXPRESS specification:

*

TYPE rotat#on_direction = ENUMERATION OF
(cw,

CCW)%;

END_TYPE;

(i

Enumerated item definitions:

cw: the sense of rotation is clockwise.
ccw: the sense of rotation is counterclockwise.
435 ps_sketch_element_select

A ps_sketch_element_select selects a type of sketch or sketch transformation.
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EXPRESS specification:

*

TYPE ps_sketch_element_select = SELECT BASED ON sketch_element_select WITH

(sketch_create_curve_element,
sketch_create pattern_element,
sketch_operate_transform);

END_TYPE;
(*

4.4  procedural_sketch entity definitions

4.

A
ex

E\

1.1 sketch_command

sketch_command represents the creation of a new sketch element or the transformation of
isting sketch element.

KPRESS specification:

*

EN

EN

A

E\

4.2 sketch_create curve _element

TITY sketch_command

ABSTRACT SUPERTYPE OF (ONEOF (sketch_create curve_gelement,
sketch_create pattern_element, sketch_operate_ transform));
D _ENTITY;

sketch_create_curve_element is a type of sketch_command and geometric_representatid
em that specifies types of curve creation.

KPRESS specification:

*

EN

WH

EN
(a

Fa

TITY sketch_create curve_g€lement

ABSTRACT SUPERTYPE OF (ONEOF (create_line_segment, create centreline,
create polyline, create.rectangle, create polygon, create_circular_arc,
create _circle, create)ellipse, create spline, create parabolic_arc,
create_fillet, create_chamfer, create_divided_curve))

SUBTYPE OF (sketcCh_:command, geometric_representation_item);

ERE

WR1: SELF\geametric_representation_item.dim = 2;

D_ENTITY;

rmal prepositions:

V\qu: The dimension of this entity shall be 2D.

4.4.3 create_line_segment

A create_line_segment is a type of sketch_create_curve_element that specifies types of line
segment creation.

EXPRESS specification:

*

ENTITY create_line_segment

©

ABSTRACT SUPERTYPE OF (ONEOF (create_line_segment_2_ points,
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create_line_segment point_tangent, create_line_segment_ 2 tangents))
SUBTYPE OF (sketch_create_curve_element);
END_ENTITY;

(*
4.4.4 create_line_segment_2_points

A create_line_segment_2_points is a type of create_line_segment that creates a line segment with
two given end points.

NOTE The two points referred to in the definition of this entity shall be explicitly represented, through the
usgof thetS6-10303-55setectiommectarnisn:

EXPRESS specification:

*

ENTITY create_line_segment 2 points

SUBTYPE OF (create_line_segment);

start_point: cartesian_point;

end_point > cartesian_point;

WHERE

WR1: distance_between_cartesian_points(start _point, end point) <> 0.0;
END _ENTITY;

(7‘

Adftribute definitions:

~+

start_point: the start point of the line segment.
end_point: the end point of the line segment.

Farmal propositions:

WR1: The start point and the end point shall have distinct positions.

start_point

\(\)/end_point

Figure 2 — create_line_segment_2_points

445 create_line_segment_point_tangent

A create_line_segment_point_tangent is a type of create_line_segment that creates a line segment
which is starting from a given start point and is tangential to a given curve. The end point of the line
segment is the point of tangency with the tangent_curve.

NOTE The point and the curve referred to in the definition of this entity shall be explicitly represented,
through the use of the ISO 10303-55 selection mechanism.

EXPRESS specification:
*)
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ENTITY create_line_segment_point_tangent
SUBTYPE OF (create_line_segment);

start_point I cartesian_point;

tangent_curve I curve;

tangent_curve near_point: near_point_relationship;
WHERE

WR1: tangent_curve_near_point\representation_item _relationship.

relating_representation_item -=: tangent_curve;

END_ENTITY;
(*

Attribute definitions:

~+

start_point: the start point of the line segment.
tapgent_curve: the curve tangential to the line.

tapgent_near_point: the near_point_relationship instance giving the approximate” location of jan
infended tangency to the curve.

QD

Farmal propositions:

WR1: The associated curve for the specified near point shall correspond to the tangent curve.
4.4.6 create_line_segment_2_ tangents
A|create_line_segment 2 tangents is a type of create line_segment that creates a line segmént

taTgentiaI to 2 given curves. The start and end points of the line segment are the points of tangency
with the first and second curves, respectively.

NOTE The first and second curves referred<to in the definition of this entity shall be explicit
represented, through the use of the ISO 10303-55selection mechanism.

y

EXPRESS specification:

*

ENTITY create_line_segment 2 tangents
SUBTYPE OF (create_Kine_segment);

first_curve i_curve;
first _near_point : near_point_relationship;
second_curve I curve;
second_near_point : near_point_relationship;
WHERE

WR1: Ffirst{curve <> second_curve;
WR2: first near_point\representation_item_relationship.

relating_representation_item -=: first_curve;
WR3:»second_near_point\representation_item_relationship.
relating_representation_item :=: second_curve;
END_-ENTITY:

(*

Attribute definitions:

first_curve: the first curve tangential to the line segment.

first_near_point: the first near_point_relationship instance giving the approximate location of an
intended tangency to the first curve.

second_curve: the second curve tangential to the line segment.
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second_near_point: the second near_point_relationship instance giving the approximate location of

an

Fo

intended tangency to the second curve.

rmal propositions:

W

W

W

R1: The first curve shall be different from the second curve.
R2: The associated curve for the specified first near point shall correspond to the first curve.

R3: The associated curve for the specified second near point shall correspond to the second curve.

4.4.7 create_centreline

A
th
as

create_centreline is a type of sketch_create_curve_element that creates a centrelinepassing
ough two points in the sketch plane. A centreline is an auxiliary geometric element intended for Use
an axis of rotation or symmetry.

NOTE The two points referred to in the definition of this entity shall be explicitly-represented, through the

usg of the ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_centreline
SUBTYPE OF (sketch_create curve _element);
first_ref point : cartesian_point;
second_ref _point : cartesian_pointy

WHERE
WR1: distance_between_cartesian_points(first ref point, second ref point)

<> 0.0;
END ENTITY;
<

Adftribute definitions:

fi

I

sefond_ref_point: the second reference point on the centreline.

st_ref_point: the first reference point on the centreline.

Fdrmal propositions:
WR1: The first-reference point and the second reference point shall have distinct positions.
first ref point second_ref point
—_————— x .................... X ...............
Figure 3 — create_centreline
10 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

448 create_polyline

A create_polyline is a type of sketch_create_curve_element that creates a polyline connecting a
sequence of points on a plane.

NOTE All the points referred to in the definition of this entity shall be explicitly represented, through the
use of the ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_polyline

SUBTYPE OF (sketch_create_curve_element);
points : LIST [3:?] OF cartesian_point;
WHERE

WR1: distinct _points(points);

END_ENTITY;

(:l

Altribute definitions:

pgints: the sequence of input points.

Fdrmal propositions:

WR1: Any two successive points of the points list shall have distinct positions.

points[1]

N

points[6]

/

Figure 4 — create_polyline

4.4.9 create_rectangle

A|create_rectangle is a type of sketch_create_curve_element that creates a rectangle in terms |of
thfeeJpoints. The first two points define the width and the rotation angle of the rectangle. The
perpendicular distance of the third point from the line joining the first two points defines the height of
the rectangle.

NOTE 1 The three points referred to in the definition of this entity shall be explicitly represented, through
the use of the 1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_rectangle
SUBTYPE OF (sketch_create_curve_element);

© ISO 2006 — All rights reserved 11


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

first_point . cartesian_point;

second_point . cartesian_point;

third_point > cartesian_point;
WHERE

WR1: non_collinear_2d points (first _point, second point, third _point);
END_ENTITY;

(*

Attribute definitions:

first_point: the first point defining the rectangle.

sefond_point: the second point, which together with the first point defines the length and direction|of
orfe side of the rectangle.

third_point: the third point, which together with the first two points defines the height of\the rectangle.

Fdrmal propositions:

WRL1: The three points shall not be collinear.

NOTE 2 The use in WR1 of function non_collinear_2d_points defined in\clause 4.5.2 ensures that no tyvo
ofthe defining points are coincident.

third_point

S

second_point

first_point

Figure 5 — create_rectangle

4.4.10, \ create_polygon

A create_polygon 1S a type of SKetch_create_curve_element that creates a regular n-sided polygon
which is either inscribed in a circle or circumscribed about a circle, the choice being indicated by the
value of the attribute circle_type.

NOTE The two points referred to in the definition of this entity shall be explicitly represented, through the
use of the ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_polygon

12 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

SUBTYPE OF (sketch_create curve _element);

polygon_sides I count_measure;

centre_point I cartesian_point;

start_point I cartesian_point;

circle_type : polygon _circle_type;

circle_radius : positive_length _measure;
WHERE

WR1: distance_between_cartesian_points(centre_point, start_point) <> 0.0;
END_ENTITY;

(*

Attribute definitions:

palygon_sides: the number of sides of the polygon.

centre_point: the centre point of the polygon.

~+

start_point: the start point of the polygon.

circle_type: the enumeration value that defines the relationship (inscribed orcircumscribed) between
the polygon and the circle.

circle_radius: the radius of the circle

Farmal propositions:

WR1: The centre point and the start point shall have distinct\positions.
4.4.11 create_circular_arc

Alcreate_circular_arc is a type of sketch_create’ curve_element that specifies types of circular arc
creation.

EXPRESS specification:

*

ENTITY create_circular_arc

ABSTRACT SUPERTYPE OF)(ONEOF (create circular_arc_concentric,
create_circular_are_3_tangents, create circular_arc _centre_ends,
create_circular_@anc_start_centre_angle,
create_circularZarc_start_centre_length,

create circular arc_start _end_angle,
create_circublar_arc_start_end_direction,
create_circular_arc_start_end_radius, create_circular_arc_3 points,
createccircular_arc_angles))

SUBTYREYOF (sketch_create_curve_element);

END_ENTHTY;

(7‘

4,412 create _circular_arc_concentric

A create_circular_arc_concentric is a type of create_circular_arc that creates a circular arc with
the specified start and end points and is concentric with a given circle_or_circular_arc.

NOTE The two points and the curve referred to in the definition of this entity shall be explicitly represented,
through the use of the ISO 10303-55 selection mechanism.

EXPRESS specification:
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*

ENTITY create_circular_arc_concentric

SUBTYPE OF (create_circular_arc);

reference_curve
start_point

end_point
arc_rotation_direction

WHERE

E

A

WR1: distance between_cartesian_points(start point, end point) <> 0.0;

circle_or_circular_arc;

cartesian_point;
cartesian_point;
rotation_direction;

WR2: distance_between_cartesian_points(start _point,
centre_of circle_or_circular_arc(reference_curve)) =
distance_between_cartesian_points (end_point,

D_ENTITY;

tribute definitions:

reference_curve: the entity used to determine the centre point of the arc.

st

en

rt_point: the start point of the arc.

d_point: the end point of the arc.

arc_rotation_direction: the rotation direction of the arc.

Fa

rmal propositions:

W

W

start_point /

R1: The start point and the end point shall have distinct, positions.

e

R2: The start_point and the end_point shall be equidistant from the centre-point of
reference_curve.

end_point

reference_curve

Figure 6 — create_circular_arc_concentric

4.4.13 create_circular_arc_3 tangents

A create_circular_arc_3 tangents is a type of create_circular_arc that creates a circular arc
tangential to 3 given curves. The start and end points of the arc are the points of tangency with the
first and third curves, respectively.

14
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NOTE The three curves and the three points involved in the referenced near-point relationships shall be
explicitly represented, through the use of the 1ISO 10303-55 selection mechanism.
EXPRESS specification:
*
ENTITY create_circular_arc_3 tangents
SUBTYPE OF (create _circular_arc);
first_curve I curve;
first_near_point > near_point_relationship;
second_curve . Curve;
second_near_point : near_point relationship;
third_curve I curve;
third_near_point > near_point_relationship;
WHERE
WR1: Ffirst _curve <> second_curve;
WR2: second_curve <> third_curve;
WR3: third_curve <> first_curve;
WR4: first_near_point\representation_item_relationship.
relating_representation_item :=: first _curve;
WR5: second_near_point\representation_item _relationship.
relating_representation_item :=: second_curve;
WR6: third_near_point\representation_item_relationship-
relating_representation_item :=: third_curve;
END_ENTITY;
(vl
Adftribute definitions:
figst_curve: the first curve tangential to the arc.
figst_near_point: the first near_point_relationship instance giving the approximate location of jan
infended tangency to the first curve.
sefond_curve: the second curve tangential to the arc.
sefond_near_point: the second near—point_relationship instance giving the approximate location|of
an intended tangency to the second curve.
third_curve: the third curve tangential to the arc.
third_near_point: thethird near_point_relationship instance giving the approximate location of jan
intended tangency-to-the third curve.
Farmal propesitions:
WR1;, The first curve shall be different from the second curve.
RZ Thc DCbUIId curve aha“ bU d;IfCICI It fIUIII thc thlld CuUIrve.
WR3: The third curve shall be different from the first curve.
WR4: The associated curve for the specified first near point shall correspond to the first curve.
WR5: The associated curve for the specified second near point shall correspond to the second curve.
WRG6: The associated curve for the specified third near point shall correspond to the third curve.
© ISO 2006 — All rights reserved 15
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4.

A
te
ar

N
th{

E\

first_curve

second_curve

first_near_point

second_near_point third_curve

.14 create_circular_arc_centre_ends

c_rotation_direction is provided to specify which arc is selected.

DTE The three points referred to in the definition of this entity shall be explicitly represented, throygh

third_near_point

Figure 7 — create_circular_arc_3_tangents

create_circular_arc_centre_ends is a type of create_circuldr, arc that creates a circular arc|in
ms of a centre point and two end points. As this information-alone defines two arcs, the attriblite

use of the 1ISO 10303-55 selection mechanism.

PRESS specification:

*

EN

WH

EN
(~A

Altribute definitions:

WR1: three_distinct points(start_point, end point, centre point);
WR2: distancé~between_cartesian_points (centre_ point, start point) =

TITY create_circular_arc_centre_ends

SUBTYPE OF (create_circular arc);

centre_point cartesian_point;
start_point cartesian_point;

end_point cartesian_point;
arc_rotation_direction rotation_direction;
ERE

distanee between_cartesian_points (centre_point, end_point);
D_ENTITY;

centre_point: the centre point of the arc.

start_point: the start point of the arc.

end_point: the end point of the arc.

arc_rotation_direction: the rotation direction of the arc.

Formal propositions:

16
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WR1: The start point, the end point and the centre point shall have distinct positions.

WR2: The start point and the end point shall be equidistant from the centre point.

end_point

centre_point

start_point

Figure 8 — create_circular_arc_centre_ends

4.4.15 create_circular_arc_start_centre_angle

A|create_circular_arc_start_centre_angle is a type of create_circular_arc that creates a circujar
ar¢ in terms of a start point, a centre point andvan angle of end position. As this information algne
deffines two arcs, the attribute arc_rotation_direction is provided to specify which arc is selected.

NOTE The two points referred to in-the-definition of this entity shall be explicitly represented, through the
usg of the SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circifar_arc_start_centre_angle
SUBTYPE OF (ereate_circular_arc);

centre_point . cartesian_point;
start_point . cartesian_point;

end_angle positive _plane_angle measure;
arc_rotation_direction rotation _direction;
WHERE

WRA: " distance_between_cartesian_points(centre_point, start point) <> 0.0
END-ENTITY;

(

Attribute definitions:

centre_point: the centre point of the arc.
start_point: the start point of the arc.
end_angle: the end angle of the arc.

arc_rotation_direction: the rotation direction of the arc.
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Formal propositions:

WR1: The centre point and the start point shall have distinct positions.

A
ar
ar

us!

EXPRESS specification:

4.16  create_circular_arc_start_centre_length

\ - c . centre_point

7

: start_point
a :end_angle

X

Figure 9 — create_circular_arc_start_centre_angle

create_circular_arc_start_centre_length is a type of create «Circular_arc that creates a circu
L in terms of a start point, a centre point and a chord length,-As this information alone defines t
s, the attribute arc_rotation_direction is provided to specify. which arc is selected.

DTE The two points referred to in the definition of thisentity shall be explicitly represented, through
 of the 1ISO 10303-55 selection mechanism.

*

ENTITY create_circular_arc_star,t centre_length

WHERE

END_ENTITY;

(i

Altribute definitions:

SUBTYPE OF (create_circularvarc);

centre_point . cartesian_point;
start_point I cartesian_point;
chord_length . positive_length_measure;
arc_rotation_direction : rotation_direction;

WR1: distance between cartesian_points(centre_point, start point) <> 0.0

Ce|

st

ntre_point: the centre point of the arc.

rt_point. e Start point or the arc.

chord_length: length of chord of the arc.

arc_rotation_direction: the rotation direction of the arc.

Formal propositions:

WR1: The centre point and the start point shall have distinct positions.

18
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4,417  create_circular_arc_start_end_angle

A create_circular_arc_start_end_angle is a type of create_circular_arc that creates a circular arc
in terms of a start point, an end point and an included angle for the arc. As this information alone
defines two arcs, the attribute arc_rotation_direction is provided to specify which arc is selected.

NOTE The two points referred to in the definition of this entity shall be explicitly represented, through the
use of the I1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circular_arc_start_end_angle

SUBTYPE OF (create_circular_arc);

start_point . cartesian_point;
end_point I cartesian_point;

arc_angle positive_plane_angle_measure;
arc_rotation_direction rotation_direction;
WHERE

WR1: distance_between_cartesian_points(start _point, endpeint) <> 0.0;
END_ENTITY;

(i

Altribute definitions:

~+

start_point: the start point of the arc.
end_point: the end point of the arc.
aric_angle: the included angle of the arc.

arc_rotation_direction: the rotation direction of the arc.

Farmal propositions:

WR1: The start point and the end paint shall have distinct positions.
4.4.18 create_circular_are_start_end_direction

Alcreate_circular arc_startenddirection is a type of create_circular_arc that creates a circular grc
infterms of a start point, an end point and a tangential direction at the start point of the arc.

NOTE ThetWo points referred to in the definition of this entity shall be explicitly represented, through the
usg of the 1ISO10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circular_arc_start_end direction
SUBTYPE OF (create_circular_arc);

start_point I cartesian_point;
end_point > cartesian_point;
start_direction : direction;

WHERE

WR1: distance_between_cartesian_points(start_point, end _point) <> 0.0;
END_ENTITY;

(*

Attribute definitions:
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start_point: the start point of the arc.

end_point: the end point of the arc.

start_direction: tangential direction of the start point of the arc.

Formal propositions:

WRL1: The start point and the end point shall have distinct positions.

4.4.19 (‘rn;m:_r‘irm||2r_arr‘_cf;1rt_pnd_rndi|lc
Alcreate_circular_arc_start_end_radius creates a circular arc in terms of a start point, an end-po
and a radius. As this information alone defines two arcs, the attribute arc_rotation_direction
prpvided to specify which arc is selected.
NOTE The two points referred to in the definition of this entity shall be explicitly represented, through
usg of the 1SO 10303-55 selection mechanism.
EXPRESS specification:
*
ENTITY create_circular_arc_start end _radius
SUBTYPE OF (create_circular_arc);
start_point . cartesian_point;
end_point > cartesianoint;
radius > positivexlength_measure;
arc_rotation_direction : rotation direction;
WHERE
WR1: distance_between_cartesian_points(start _point, end point) <> 0.0;
END_ENTITY;
(zl

Alftribute definitions:

~+

S

en

ra

ar

Fa

Art_point: the start point of the arc.

d_point: the end point of-the-arc.

dius: the radius of the-arc.

c_rotation_direction: the rotation direction of the arc.

rmal propositions:

V\1R1: The start point and the end point shall have distinct positions.

4,420 create_circular_arc_3_points

nt
is

A create_circular_arc_3 points is a type of create_circular_arc that creates a circular arc passing
through three given points.

NOTE 1 The three points referred to in the definition of this entity shall be explicitly represented, through
the use of the 1ISO 10303-55 selection mechanism.

EXPRESS specification:

20 © ISO 2006 — All rights reserved
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*

ENTITY create_circular_arc_3 points
SUBTYPE OF (create_circular_arc);

first_point I cartesian_point;

second_point : cartesian_point;

third_point : cartesian_point;
WHERE

WR1: non_collinear_2d_points (first_point, second_point, third_point);
END_ENTITY;
(*

Attribute definitions:

fi

ffst_point: the start point of the arc.
second_point: an intermediate point on the arc.
third_point: the end point of the arc.

Farmal propositions:

WR1: The three points shall not be collinear.

NOTE 2  The use in WRL1 of function non_collinear_2d_points defined-in clause 4.5.2 ensures that no t

ofthe defining points are coincident.

third_point

second_point

first_point

"

Figure 10 — create_circular_arc_3_points

4421 ° create_circular_arc_angles

Vo

A create_circular_arc_angles is a type of create_circular_arc that creates a circular arc in terms of
a centre point, a start angle, an end angle and a radius. The start angle and the end angle are measured

counterclockwise relative to the horizontal direction (1,0).

NOTE The point referred to in the definition of this entity shall be explicitly represented, through the use of

the 1SO 10303-55 selection mechanism.

EXPRESS specification:

© ISO 2006 — All rights reserved
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*

ENTITY create_circular_arc_angles
SUBTYPE OF (create_circular_arc);

centre_point I cartesian_point;

radius : positive_ length measure;

start_angle : plane_angle_measure;

end_angle : plane_angle_measure;
WHERE

WR1: start _angle <> end_angle;
END_ENTITY;

(*

Alribute definitions:

ceptre_point: the centre point of the arc.
radius: the radius of the arc.
start_angle: the start angle of the arc.
end_angle: the end angle of the arc.

Fdrmal propositions:

WR1: The start angle shall be different from the end angle.

p : centre_point
al : start_angle
a1 a2 a2 :end_angle
p r : radius

X

Figure 11 — create_circular_arc_angles

4.4.22  createceircle

AlcreatesgirCle is a type of sketch_create_curve_element that specifies types of circle creation.

NOTE The point referred to in the definition of this entity shall be explicitly represented, through the use|of
the1S6-16363-55sefectiommechamsnT:

EXPRESS specification:

*

ENTITY create_circle
ABSTRACT SUPERTYPE OF (ONEOF (create circle_centre_point,
create_circle_concentric, create circle_3 tangents,
create _circle_2 points, create _circle_3 points))
SUBTYPE OF (sketch_create_curve_element);

END_ENTITY;

(*
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4,423 create_circle_centre_point

A create_circle_centre_point is a type of create_circle that creates a circle in terms of a centre point
and a radius.

NOTE The point referred to in the definition of this entity shall be explicitly represented, through the use of
the ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circle_centre_point
SUBTYPE OF (create_circle);

centre_point : cartesian_point;

radius . positive_length_measure;
END_ENTITY;
(-.l

Alftribute definitions:

centre_point: the centre point of the circle.

radius: the radius of the circle.

centre_point

Figure 12 — create_circle_centre_point

4.4.24  create_cifele _concentric

Alcreate_circle>concentric is a type of create_circle that creates a circle that has a specified radius
and the same centre point as a reference circle or circular arc.

NOTE The reference element referred to in the definition of this entity shall be explicitly representgd,
thijotigh the use of the 1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circle_concentric
SUBTYPE OF (create_circle);

reference_element : circle_or_circular_arc;
radius : positive_length _measure;
END_ENTITY;
<
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Attribute definitions:

reference_element: the circle or circular arc whose centre point defines the centre of the circle to
create.

radius: the radius of the circle.

reference element

radius

Figure 13 — create_circle_concentric

4.4.25 create_circle_3 tangents

Alcreate_circle_3_tangents is a type of create_circle thatycreates a circle tangential to three givien
enfities.

NOTE The three curves and the three points invalved in the referenced near-point relationships shall |be
explicitly represented, through the use of the 1ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circle_3 tangents
SUBTYPE OF (create_circle);

first_curve I curve;

first_near_point > near_point_relationship;

second_curve I curve;

second_near_point : near_point_relationship;

third_curve I curve;

third_near_oint > near_point_relationship;
WHERE

WR1: Ffixrst curve <> second_curve;
WR2: seeond_curve <> third_curve;
WR3:>third curve <> first _curve;
WR4y ' First_near_point\representation_item_relationship.

relating representation item :=: First curve;
WR5: second_near_point\representation_item_relationship.
relating_representation_item -=: second_curve;
WR6: third_near_point\representation_item_relationship.
relating_representation_item :=: third_curve;
END_ENTITY;

(*

Attribute definitions:

first_curve: the first curve tangential to the circle.
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first_near_point: the first near_point_relationship instance giving the approximate location of an
intended tangency to the first curve.
second_curve: the second curve tangential to the circle.

second_near_point: the second near_point_relationship instance giving the approximate location of
an intended tangency to the second curve.

third_curve: the third curve tangential to the circle.

third—near point:-the third near point_relationship-instancegiving-the approximate locationof-an

infended tan_gency to the third curve.

Farmal propositions:

WR1: The first curve shall be different from the second curve.

WR2: The second curve shall be different from the third curve.

WR3: The third curve shall be different from the first curve.

WR4: The associated curve for the specified first near point shall correspond to the first curve.
WR5: The associated curve for the specified second near pointshall correspond to the second curve,

WR6: The associated curve for the specified third near poiat’shall correspond to the third curve.

first_curve

second_curve

third_near_point /

Figure 14 — create_circle_3_tangents

third_curve

\/
\

\

\

'

|

4.4.26™ " create_circle_2_ points

A create_circle_2_points is a type of create_circle that creates a circle in terms of two points, which
are interpreted as end points of a diameter of the circle.

NOTE The two points referred to in the definition of this entity shall be explicitly represented, through the
use of the I1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_circle_2 points
SUBTYPE OF (create_circle);
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first_point : cartesian_point;
second_point : cartesian_point;
DERIVE
diameter: length_measure := distance_between_cartesian_points

(first_point, second point);

WHERE
WR1: distance_between_cartesian_points(first_point, second point) <> 0.0;
END_ENTITY;

(*

Attribute definitions:

fi

I

se

di

Fa

st_point: the first point on the circle.
cond_point: the second point on the circle.
hmeter: the diameter of the circle.

rmal propositions:

WR1: The first point and the second point shall have distinct positions.

4.

A
Pg

N(
the

E

.27  create_circle_3_points

create_circle_3 points is a type of create_circle that createS a circle passing through three giv
ints.

DTE 1  The three points referred to in the definition of this entity shall be explicitly represented, throy
use of the ISO 10303-55 selection mechanism.

KPRESS specification:

*

EN

WH

EN
(~A

Altribute definitions:

TITY create_circle_3 points

SUBTYPE OF (create_circle);

first_point I~cartesian_point;
second_point : cartesian_point;
third_point : cartesian_point;
ERE

WR1: non_collinear .2d points (first_point, second point, third point);
D_ENTITY;

fi

I

se

st_pointsthe first point on the circle.

gh

cond_point: the second point on the circle.

third_point: the third point on the circle.

Formal propositions:

WR1: The three defining points shall not be collinear.

NOTE2 The use in WR1 of the function non_collinear_2d_points defined in clause 4.5.2 ensures that
two of the defining points are coincident.

26
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4.28  create_ellipse

NS

Figure 15 — create_circle_3_points

create_ellipse is a type of sketch_create_curve_element that specifies types-of ellipse creation.

KPRESS specification:

*

EN

EN
(a

4,

A
pa
pa
on

N
the

E\

TITY create_ellipse

ABSTRACT SUPERTYPE OF (ONEOF (create_ellipse ‘3 _points,
create_ellipse_centre_point))

SUBTYPE OF (sketch_create_curve_element),;

D_ENTITY;

.29 create_ellipse_3_points

ints. The first two points are interpreted as end points of one axis of the created ellipse, and the th
int is used to determine the length of the second semi-axis of the ellipse. The length of its projecti
to the line defined by the first:two points defines the second semi-axis length.

use of the ISO 10303<55-selection mechanism.

KPRESS specification:

*

EN

TITY create_ellipse_3 points
SUBTYPE OF (create _ellipse);
first point : cartesian_point;

second point : cartesian point;

create_ellipse_3_points is a type of create_ellipse that creates an ellipse in terms of three givien

DTE The three points referred to in the definition of this entity shall be explicitly represented, throygh

rd
on

third_point I cartesian_point;

WHERE

WR1: non_collinear_2d points(first _point, second point, third_point);

END_ENTITY;
-

Attribute definitions:

first_point: the first point, which determines one end of a semi-axis of the ellipse.

second_point: the second point, which determines the other end of the same semi-axis of the ellipse.
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third_point: the third point, which determines the length of the other semi-axis of the ellipse.

Formal propositions:

WR1: The first point, the second point and the third point shall not be collinear.

third_point

/
first_point X\
\ ,/:

second_point

Figure 16 — create_ellipse_3 points

4.4.30 create_ellipse_centre_point

Alcreate_ellipse_centre_point is a type of create_ellipse that creates an ellipse in terms of a centre

pdint and two points lying on the ellipse. The line joining the centre point and the first point on
ellipse define one semi-axis of the ellipse. The second point is used to determine the length of
sefond semi-axis of the ellipse. The length of its\projection onto the line defined by the first two poi
defines that length.

the use of the 1ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_el Hpse centre_point
SUBTYPE OF (create ellipse);

centre_point I cartesian_point;

first _point : cartesian_point;

second_point : cartesian_point;
WHERE

WR1: non_collinear_2d_points(centre_point, first _point, second_point);
END_ENTITY;

(-.l

NOTE The three points referred to in@he definition of this entity shall be explicitly represented, throygh

e

hts

Attribute definitions:

centre_point: the centre point of the ellipse.
first_point: the point used, together with the centre point, to define the first semi-axis of the ellipse.
second_point: the point, which determines the length along the other semi-axis of the ellipse.

Formal propositions:
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WR1: The centre point, the first point, and the second point shall not be collinear.

4.

A
in

CO

cl
ha

Sp

NOTE All the points referred to in the definition of this entity shall be explicitly represented, through

second_point

first_point

Figure 17 — create_ellipse_centre_point

.31  create_spline

create_spline is a type of sketch_createxcurve_element that creates a cubic spline cur
erpolating 4 or more points. A cubic spline curve is a piecewise polynomial of degree 3 w

psed_curve is provided to distinguish.between open and closed curves; in the closed case the cur

ine curve is zero.

usg of the ISO 10303-55 sglection mechanism.

EXPRESS specification:

*

ENTITY create_spline
SUBTYPE OF (sketch_create curve _element);
points : LIST[4:?] OF cartesian_point;
clesed - BOOLEAN;

WHERE

5 second order continuity across its' end points, in the open case the curvature at the ends of the

ve
th

ntinuity of derivatives of order 2 at the ‘common joints between segments. A Boolean attribyite

ve

he

WR1: distinct _points(points);

END_ENTITY;
(*

Attribute definitions:

points: an ordered list of points through which the spline passes.

closed: TRUE if the curve is closed, and FALSE if the curve is open.

©
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Formal propositions:

WR1: Any two successive points of the points list shall have distinct positions.

/ ;point[l] ﬁ( N\ point[1]

point[2]

point[2]
point[3]
point[3]
point[4] point[4]
closed = FALSE closed=-TFRUE

Figure 18 — create’ spline

4.4.32 create_parabolic_arc

A|create_parabolic_arc is a type of sketch” create_curve_element that creates a parabolic arc wjth
two given end points, passing through-a.given intermediate (shoulder) point

NOTE The three points referred to in the definition of this entity shall be explicitly represented, throygh
thg use of the 1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create\.parabolic_arc
SUBTYPE OE:\ (sketch_create_curve_element);

first_end point : cartesian_point;
intermediate_point : cartesian_point;
second_end_point : cartesian_point;
WHERE
WRI-three—distinctpolnts(Firstend—polnt,—internediate—point;

second_end_point);
END_ENTITY;
(*

Attribute definitions:

first_end_point: the first end point of the parabolic arc.

intermediate_point: the intermediate point through which the parabolic arc passes.
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second_end_point: the second end point of the parabolic arc.

Formal propositions:

WRL1: The first end point, the intermediate point and the second end point shall have distinct positions.

intermediate_point

/X‘/

second_end_point

first_end_point
Figure 19 — create_parabolic_arc

4.4.33 create_fillet

Alcreate_fillet is a type of sketch_create_curve_element that creates a fillet curve with a specified
raflius to smoothe the angle of intersection between two selected curves. The attributes
to] right_of first_curve and to_right_of second _curve determine on which side of each of the
filleted curves the fillet is to be created. The near_point is a point close to the filleted intersection.

NQTE1 The two curves and the point involved in the referenced near-point relationship shall be explicif
represented, through the use of the ISO 1030355 selection mechanism.

y

NOTE 2 Although no directional sense is associated with instances of sketch_create_curve_element, the
curves to be filleted by this operatian have been selected by the user, and the selection mechanism provided) in
ISD 10303-55 ensures that explicit representations are available for them, including the required sense
information.

The additional BOOLEAN-valued attribute trim_option determines whether or not the filleted curyes
are to be trimmed at-fillet ends.

NPTE 3  The-gffect of the trim_option attribute is illustrated in Figure 20.
EXPRESS specification:
*)

ENTTTY create_Tifllet
SUBTYPE OF (sketch_create_curve_element);

first_curve I curve;

to_right_of first_curve - BOOLEAN;

second_curve I curve;

to_right _of second_curve - BOOLEAN;

radius . positive_ length _measure;
trim_option - BOOLEAN;

near_point
WHERE
WR1: First_curve <> second_curve;

cartesian_point;

© ISO 2006 — All rights reserved 31


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

END_ENTITY;
(*

Attribute definitions:

first_curve: the first of the two intersecting curves.

to_right_of first_curve: TRUE if the fillet is positioned to the right of the first curve and FALSE if it
is to the left.

second curve: the second of the two intersecting curves.

to] right_of second_curve: TRUE if the fillet is positioned to the right of the second curve and
FALSE if it is to the left.

radius: the fillet radius.

trim_option: TRUE if the filleted curves are trimmed at fillet ends after the creation of the fillet and
FALSE if the complete curves are retained.

ndar_point: a point close to the filleted intersection.

Farmal propositions:

WR1: The first curve shall be different from the second curve.

Informal propositions:

IA1: first_curve and second_curve shall have at least one point of intersection.

first_curve

second_curve
\ /

first_curve

N

second_curve

“

X

X
radius radius
trim_option = FALSE trim_option = TRUE

Figure 20 — create_fillet

4,434  create_chamfer

A create_chamfer is a type of sketch_create_curve_element that creates a chamfer with specified
characteristics between two selected lines. The attributes to_right_of first_line and
to_right_of _second_line determine on which side of each of the chamfered lines the chamfer is to be
created.

NOTE 1 The two lines referred to in the definition of this entity shall be explicitly represented, through the
use of the ISO 10303-55 selection mechanism.
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NOTE 2 Although no directional sense is associated with instances of sketch_create_curve_element, the
lines to be filleted by this operation have been selected by the user, and the selection mechanism provided in
ISO 10303-55 ensures that explicit representations are available for them, including the required sense
information.

The additional BOOLEAN-valued attribute trim_option determines whether or not the chamfered
lines are to be trimmed at chamfer ends.

NOTE 3  The effect of the trim_option attribute is illustrated in Figure 21.

The attributes first chamfer length and second chamfer length determine the geometry of the
chiamfer, as described in the attribute definitions.

EXPRESS specification:

*

ENTITY create_chamfer
SUBTYPE OF (sketch_create _curve._ element)

first_line line;
to_right_of first_line - BOOLEAN;
second_line : line;
to_right_of _second_line - BOOLEAN;
first_chamfer_length > positive_length_measure;
second_chamfer_length : OPTIONAL positive“length _measure;
trim_option - BOOLEAN;
WHERE

WR1: Ffirst line <> second_line;
WR2: cross_product(first_line.dir, secondabine.dir).magnitude <> 0.0;
END_ENTITY;

(i

Altribute definitions:

fi

iist_line: the first of the two intersecting Jines.

to| right_of first_line: TRUE if the(chamfer is positioned at the right of the first line.
sefond_line: the second of the-two intersecting lines.

to| right_of second_ling:\-RUE if the chamfer is positioned at the right of the second line.

first_chamfer_length: the distance along the first chamfered line from one end point of the chamfer
to|the intersection point of the two lines.

sefond_chamfer_length: if specified, the distance along the second chamfered line from one epd
pdint of-the chamfer to the intersection point of the two lines. If not specified the distance equal|to
figst-chamfer_length is used.

trim_option: TRUE if the chamfered lines are trimmed at chamfer ends after the creation of the
chamfer and FALSE otherwise.

Formal propositions:

WR1: The first line shall be different from the second line.

WR2: The two chamfered lines shall not be parallel.
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first_line first_chamfer_length
\ second_chamfer_length
l———
trim_option = FALSE .
second_line

Figure 21 — create_chamfer

1.35 create_divided curve

create_divided_curve is a type of sketch_create_curve_element that divides a curve into t

pdrtions. It creates two separate curve instances. The point.of<division is specified as an instance
pd

btance used in defining that point is the same as the curve'instance being divided.

flough the use of the 1ISO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_divided _curve

SUBTYPE OF (sketch_create curve_element);

selected_curve I curve;
division_point I point_on_curve;
WHERE
WR1: division_point.basis _curve :=: selected _curve;

END_ENTITY;

(7‘

Alftribute definitions:

Se

di

ected(curve: the target curve to be divided.

VO
of

int_on_curve as defined in 1ISO 10303-42, and a WHERE:-rule is provided to ensure that the curve

DTE The curve and the point referred to in the definition of this entity shall be explicitly representgd,

vision_polint: the point at which the curve IS divided.

Formal propositions:

WRL1: The instance referenced by the attribute selected_curve shall be same as the instance referenced
by the attribute basis_curve of division_point.

34
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thiough the use of the 1ISO 10303-55 selection mechanism.

EXPRESS specification:

4.36  sketch_operate_transform

by| the attribute selected_objects, by applying the specified transformation to it. The original geome

I1ISO 10303-112:2006(

E)

/ oA /

selected _curve

division_point

Figure 22 — sketch_divided_curve

sketch_operate_transform is a type of sketch_command and geometric_representation_itq
ht specifies types of sketch transformations. A transformation modifies the original geometry defin

by be preserved as indicated by the value of the attribute preserve_selected_objects.

DTE The geometric curve set referred to in the definition of this entity shall be explicitly represent

*

ENTITY sketch_operate_transform

selected_objects : geometric_curve_set;
preserve_selected-objects - BOOLEAN;
WHERE
WR1: SELF\geemetric_representation_item.dim = 2;
END_ENTITY;
(i

Altribute.definitions:

ABSTRACT SUPERTYPE OF (ONEQF (sketch_transform_translate,
sketch_transform_rotate, ‘sketch_transform_mirror,
sketch_transform_scate))

SUBTYPE OF (sketchscoemmand, geometric_representation_item);

Se

m
ed

ry

pd,

ected nhijfQ' the entities that are to he transformed

preserve_selected_objects: TRUE if the selected objects are preserved in addition to the transformed

ge

ometry, and FALSE if only the transformed geometry is preserved.

Formal propositions:

WRL1: The dimension of this entity shall be 2D.
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4,437 sketch_transform_translate

A sketch_transform_translate is a type of sketch_operate_transform that applies a linear
displacement to the selected objects in the plane of the sketch.

EXPRESS specification:

*

ENTITY sketch_transform_translate
SUBTYPE OF (sketch_operate_transform);

displacement_x : length_measure;
u'ibpicu,cmcllt_y - Icngti _measure,
END _ENTITY;

(7‘

Adftribute definitions:

digplacement_x: the x-component of the displacement.

digplacement_y: the y-component of the displacement.

displacement_x

y Fisplacement_y
|_ X

Figure'23 — sketch_transform_translate

4.4.38 sketch_transform rotate

Alsketch_transform etate is a type of sketch_operate_transform that rotates the selected objegts
in[the plane of the sketch through a specified angle about a specified point.

NOTE The-point referred to in the definition of this entity shall be explicitly represented, through the use|of
thg 1SO 10303355 selection mechanism.

EXPRESS specification:

*

ENTITY sketch_transform_rotate
SUBTYPE OF (sketch_operate_ transform);

rotation_angle : plane_angle_measure;
rotation_centre > cartesian_point;
objects_rotation_direction - OPTIONAL rotation _direction;
END_ENTITY;
(*

Attribute definitions:
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rotation_angle: the magnitude of the rotation.
rotation_centre: the centre of the rotation.

objects_rotation_direction: the rotation direction of the entities to be rotated. The default direction is
counter-clockwise.

rotation_angle

rotation_centre /

Figure 24 — sketch_transform«rotate

4.4.39 sketch_transform_mirror

Alsketch_transform_mirror is a type of sketch_opéerate_transform that mirrors the selected objegts
abjout a specified line in the plane of the sketch.

NOTE The reference axis referred to in the @efinition of this entity shall be explicitly represented, throdgh
thg use of the 1SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY sketch_transform’mirror

SUBTYPE OF (sketeh .operate_transform);
reference_axis : line_or_trimmed_line;
END_ENTITY;

(:l

Altribute definitions:

reference-axis: the line_or_trimmed_line about which the selected objects are mirrored.
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Figure 25 — sketch_transform_mirror

1.40 sketch_transform_scale

nsformation to the selected objects, in the plane of the_sketch. Provision is made 1
nomogeneous scaling. The attribute fixed_point defines the fixed point of the transformation, i,
p point in the sketch plane whose position is unchanged by .the application of the transformation.

DTE 1 The point referred to in the definition of this entity, shall be explicitly represented, through the use
ISO 10303-55 selection mechanism.

PRESS specification:

*

EN

EN
(a

TITY sketch_transform _scale
SUBTYPE OF (sketch_operatestransform);

scale_x 2_positive_ratio_measure;
scale y : positive_ratio_measure;
fixed_point : cartesian_point;

D _ENTITY;

Adftribute definitions:

sc
th

SC

hle_x: the scaling factor applied to the projected distance in the x-direction from the fixed point
e transformed point.

hle 4y the scaling factor applied to the projected distance in the y-direction from the fixed point

sketch_transform_scale is a type of sketch operate transform that applies a scaling

or
e.,

of

th

e transformed point.

fixed_point: the fixed point of the scaling transformation.

NOTE 2

the y scaling factor greater than 1. The fixed point of the scaling is the origin.

38 © ISO 2006 — All rights reservi
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Figure 26 — sketch_transform_scale

.41 sketch_create_pattern_element

nerated geometric_curve_set will contain a copy of selected_objects.elements together w
nsformed copies of selected_objects.elements corresponding to a specified pattern.

DTE The geometric_curve_set referred to in the definition of this entity shall be explicitly represent

EXPRESS specification:

*

ENTITY sketch_create pattern_element
ABSTRACT SUPERTYPE OF (ONEOF (create pattern_rectangular,
create pattern_circular))
SUBTYPE OF (sketch_command, geometfic curve_set);
selected_objects : geometric_curve_set;

WHERE
WR1: NOT(have_pattern_elementin_geometric_curve_set(selected_objects));
WR2: SELF\geometric_representation_item.dim = 2;

END_ENTITY;

(:l

Altribute definitions:

Se

Fa

ected_objects: the\points and curves from which the pattern is to be created.

rmal propositions:

R1: Theattribute selected_objects shall not reference any instance of sketch_create_pattern

sketch_create_pattern_element is a type of sketch_command that specifies>types of pattgrn
pation. It is also a type of geometric_curve_set as defined in 1SO 10303-42The elements of the

th

pd,

4.4.42  create_pattern_rectangular

A create_pattern_rectangular is a type of sketch_create_pattern_element that generates multiple
copies of a selected set of sketch elements in locations defined by a specified rectangular pattern. The

Cco

pied sketch elements retain their original orientation in the resulting pattern.

EXPRESS specification:

©
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*

ENTITY create_pattern_rectangular
SUBTYPE OF (sketch_create_pattern_element);
row_direction direction;
row_number INTEGER;
column_number INTEGER;
row_spacing positive_length_measure;
column_spacing positive_length_measure;
column_augmentation_direction OPTIONAL rotation_direction;
WHERE
WR1: (row_number > 0) AND (column_number > 0);
END_ENTITY;

(i

Alftribute definitions:

row_direction: the row direction of the pattern.
row_number: the number of rows in the pattern.
calumn_number: the number of columns in the pattern.
row_spacing: the spacing between rows.
calumn_spacing: the spacing between columns.

column_augmentation_direction: the direction of column  augmentation with respect to the
row_direction. It shall be counterclockwise or clockwise.”The default direction is counterclockwise

Farmal propositions:

WR1: The number of rows and columns shall be positive.

row_number =2

—_— -t - -4 - = ===} - -

row_spacing

column_number =3

i i

i i

T T

! !
s T IS T il S A

i i

i

i i i
elected_objects/' i* > >

"""""""""" > column_augmentation_direction=ccw
row_direction

(D

Figure 27 — create_pattern_rectangular

4,443 create_pattern_circular

A create_pattern_circular is a type of sketch_create_pattern_element that generates multiple
copies of a selected set of sketch elements in locations defined by a specified circular pattern.
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NOTE The two points referred to in the definition of this entity shall be explicitly represented, through the
use of the SO 10303-55 selection mechanism.

EXPRESS specification:

*

ENTITY create_pattern_circular
SUBTYPE OF (sketch_create pattern_element);

number_of _replicates : INTEGER;

angle_increment : plane_angle_measure;

centre_point I cartesian_point;

radial_alignment : BOOLEAN;

reference_point : cartesian_point;
WHERE

WR1: number_of replicates > O;
END_ENTITY;

(-.l

Alftribute definitions:

number_of _replicates: the number of the elements in the pattern, not including-the original.
arlgle_increment: the angular increment between successive replicates.

centre_point: the centre of the rotation.

radial_alignment: specifies whether elements are rotated. or not. If TRUE, the replicates are
infividually rotated about the centre of rotation; if FALSE, each point in the pattern has the same
trgnslation as the reference point, so that the orientation.of the original selected_objects is maintaingd.
reference_point: a point associated with the selected objects, whose distance from the centre_point
determines the radius of the circular pattern. Each replicate has a corresponding reference point on the

cifcle at successive multiples of angle_increment with respect to the line joining the centre_point|to
the original reference_point.

Farmal propositions:

WR1: The number of the elements in the pattern shall be positive.

Informal Propositions

IAL: The productof (number_of replicates + 1) and the value of angle_increment shall not exceed
360 degrees.

angle_increment angle_increment

: /7reference_point : /ﬁference_point

/= EA

<

us = ms

T orS

centre_point centre_point

Y
X
radial_alignment = FALSE radial_alignment = TRUE

© ISO 2006 — All rights reserved 41


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

Figure 28 — create_pattern_circular

4.5 procedural_sketch function definitions

45.1 distance_between_cartesian_points

The function distance_between_cartesian_points returns a value of type length_measure which is
the distance between two specified instances of cartesian_point.

E\

KPRESS specification:

*

FU
14

Ld
EN

NCTION distance_between_cartesian_points(ptl, pt2 : cartesian_point) :
ngth_measure;

CAL
temp_dis : length_measure;
D_LOCAL;

temp_dis := SQRT ( ((ptl.coordinates[1l]-pt2.coordinates[l1])**2)
+((ptl.coordinates[2]-pt2.coordinates[2])**2) );

RETURN(temp_dis);

D_FUNCTION;

gument definitions:

—
D

TH

E\

1: (input) the first point.
P: (input) the second point.

mp_dis: (output) The distance between the two points.

5.2 non_collinear_2d- poeints

e function non_collingar_2d_points checks whether three 2D cartesian_points are collinear or

KPRESS specification:

*

FU
B(

NCTION=non_collinear_2d_points(ptl, pt2, pt3 : cartesian_point) :
OLEANS

LE
L

42

nt dzgm —29N AND 4D Agm —9ON I\I\II'\ ot Agm 2NN TLIEN
pEI—eHm—=2)—ANB—(pE2-eHm—2)—AND—(pE3—eHm—2))—FHEN
(three_distinct_points(ptl, pt2, pt3)) THEN

IF ((pt2.coordinates[2]-ptl.coordinates[2])*(pt3.coordinates[1]-
ptl.coordinates[1]) <> (pt3.coordinates[2]-ptl.coordinates[2])*
(pt2.coordinates[1]-ptl.coordinates[1])) THEN
RETURN (TRUE);

END_IF;
END_IF;

END_IF;

a4
A\
F

RETURN (FALSE);

ot.
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END_FUNCTION;

(*

Argument definitions:

ptl: (input) the first of three points to be tested for collinearity.

pt2: (input) the second of three points to be tested for collinearity.

pt3: (input) the third of three points to be tested for collinearity.

4.5.3 midpoint
The function midpoint returns the cartesian_point which is the midpoint of two Cspecified
cartesian_points.
EXPRESS specification:
*
FUNCTION midpoint(ptl, pt2 : cartesian_point) : cartesian_point;
LQCAL
temp_pt : cartesian_point;
END LOCAL;
temp_pt.coordinates[1] := (ptl.coordinates[l} + pt2.coordinates[1]) / 2;
temp_pt.coordinates[2] := (ptl.coordinatesf2] + pt2.coordinates[2]) / 2;
RETURN (temp_pt);
END_FUNCTION;
(i
Aigument definitions:
ptll, pt2: (input) The two cartesian points whose midpoint is to be calculated.
temp_pt: (output) The midpoint of the two input cartesian points.
454 distinct_points
The function distinct” points checks whether any instance of cartesian_point in a given list of thijee
orlmore such irnistances has the same position as the next instance in the list.
EXPRESS-specification:
*
FUNCHON—distinctpoints(pts——HIST3-2] OF cartesian—poinrt)—BOOLEAN
REPEAT index := LOINDEX(pts) TO HIINDEX(pts) - 1;
IF (distance_ between_cartesian_points(pts[index], pts[index + 1])
= 0.0) THEN
RETURN (FALSE);
END_IF;
END_REPEAT;
RETURN (TRUE);
© ISO 2006 — All rights reserved 43


https://standardsiso.com/api/?name=93983190c0b9da78de78c8394adf852b

ISO 10303-112:2006(E)

END_FUNCTION;

(*

Argument definitions:

pts: (input) The given list of cartesian points.

455 circular_type

The function circular_type checks whether any instance of the select data ty

cir

cle or circular arcis acircle or a trimmed curve referencing a circle.

pe

E

PRESS specification:

*

FUNCTION circular_type(tr : circle_or_circular_arc) : BOOLEAN;

EN

A

IF (“GEOMETRY_SCHEMA.TRIMMED_CURVE” IN TYPEOF(tr)) THEN
IF (“GEOMETRY_SCHEMA.CIRCLE” IN TYPEOF
(tr\trimmed_curve.basis_curve)) THEN

RETURN (TRUE);
ELSE
RETURN (FALSE);
END_IF;
END_IF;

RETURN (TRUE);

D_FUNCTION;

gument definitions:

t

-

4.5.6 linear_type

(input) The given circle or circular are,

The function linear_type checks whether any instance of the select data type line_or_trimmed_li
isfp line or a trimmed_curyereferencing a line.

EXPRESS specificatiorn:

FUNCTION linear_type(tr : line_or_trimmed_line) : BOOLEAN;

IF (“GEOMETRY_SCHEMA.TRIMMED_CURVE~” IN TYPEOF(tr)) THEN
kR (“GEOMETRY_SCHEMA_LINE” IN TYPEOF

(tr\trimmed_curve.basis_curve)) THEN
RETLIDAN ZTDLIEN -

LAY =N B4 B VA B WL AN w4 =y ar

ELSE
RETURN (FALSE);
END_IF;
END_IF;

RETURN (TRUE);

END_FUNCTION;
(*

Argument definitions:

44
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(input) The given line or trimmed line.

457 centre_of circle or_circular_arc

The function centre_of_circle_or_circular_arc returns the cartesian_point which is the centre point

of

acircle_or_circular_arc instance.

EXPRESS specification:

*

FUNCTION centre of circle or circular arc(coca : circle or circular arc)

Cg

EN

A

rtesian_point;

IF ("GEOMETRY_SCHEMA.TRIMMED_CURVE" IN TYPEOF(coca)) THEN

RETURN (coca\trimmed_curve.basis_curve\circle\conic.position. lecation)
ELSE

RETURN (coca\circle\conic.position.location);
END_IF;

D_FUNCTION;

gument definitions:

C

Q

TH

w

E\

ca: (input) The given circle or circular arc

5.8 have_pattern_elements_in_geometric_curve_set

e function have_pattern_elements_in_geometric:Curve_set checks whether a geometric_cur
bt contains any instance of type sketch_create_pattern_element.

PRESS specification:

*

FU
(q

EN

NCTION have pattern_element.in_geometric_curve_set
S :© geometric_curve_set). =“BOOLEAN;

REPEAT index := LOINDEX(cs\geometric_set.elements)
TO HIINDEX(Cs\geometric_set.elements);
IF (“PROCEDURALNSKETCH_SCHEMA.SKETCH_CREATE_PATTERN_ELEMENT” IN
TYPEOF(csXgeometric_set.elements[index])) THEN
RETURN (FRUE);
END_IF;
END_REPEAT;

RETURN\(FALSE) ;

D~FUNCTION;

(i

Argument definitions:

CS

: (input) The geometric_curve_set to be tested.

459 three_distinct_points

The function three_distinct_points checks whether no two of any set of three cartesian points have
the same position.

©
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EXPRESS specification:

*

FUNCTION three_distinct _points(ptl, pt2, pt3 : cartesian_point) : BOOLEAN;

IF ((distance_between_cartesian_points(ptl, pt2) <> 0.0) AND
(distance_between_cartesian_points(pt2, pt3) <> 0.0) AND
(distance_between_cartesian_points(pt3, ptl) <> 0.0)) THEN

RETURN (TRUE);

END_IF;

RETURN (FALSE);

END_FUNCTION;

Atgument definitions:

ptlL, pt2, pt3: (input) The given cartesian points to be checked.

EXPRESS specification:

*

END SCHEMA; -- procedural_sketch_schema
(i
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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 (]
create_chamfer CRTCHM
create_centreline CRTCNT
create_circle CRTCRC
create_circle_centre_point CCccCp
create_circle_concentric CRCRCN
create_circle 2 points CC2P
create_circle_3 points CC3P
create_circle_3 tangents CC3T
create_circular_arc CRCRAR
create_circular_arc_angles CCAA
create_circular_arc_centre_ends CCACE
create_circular_arc_concentric CCAC
create_circular_arc_start_centre_angle CCASCA
create_circular_arc_start_centre_length CCASCL
create_circular_arc _start end_angle CCASEA
create _circular_arc_start end_direction CCASED
create_circular_arc_start_end radius CCASER
create_circular_arc_3 points CCA3P
create_circular_arc_3 tangents CCA3T
create_divided curveé CRDVCR
create_ellipse CRTELL
create_ellipse_centre_point CECP
create_ellipse,-3 points CE3P
create fillet CRTFLL
create line_segment CRLNSG
create” line_segment point_tangent CLSPT
Create line_segment 2 points CLS2P
ereate_line_segment 2_tangents CLS2T
create_parabolic_arc CRPRAR
create_pattern_circular CRPTCR
create_pattern_rectangular CRPTRC
create_polygon CRTO
create_polyline CRTPLY
create_rectangle CRTRCT
create_spline CRTSPL
sketch_command SKTCMM
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Table A.1 (continued)

| Entity data type names | Short names

sketch_create curve element SCCE
sketch_create pattern_element SCPE
sketch_operate_transform SKOPTR
sketch_transform_mirror SKTRMR
sketch_transform_rotate SKTRRT
sketch transform scale SKTRSC
sketch_transform_translate SKTRTR
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Annex B
(normative)

Information object registration

B.1 Document identification

To provide for unambiguous identification of an information object in an open system, the object
identifier

{ iso standard 10303 part(112) version(1l) }

isjassigned to this part of ISO 10303. The meaning of this value is defined in ISO/IEC 8824-1, and
described in ISO 10303-1.

is

B[2 Schema identification

Ta provide for unambiguous identification of the procedural-sketch-parametric schema in an open
information system, the object identifier

{ iso standard 10303 part(112) version(l) schema (1)

1
procedural -sketch-schemay(1) }

is|assigned to the procedural_sketch schema (see clause 4). The meaning of this value is defined
in|SO/IEC 8824-1, and is described in 1ISO 10303-1.
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Annex C
(informative)

Computer interpretable listings

This annex references a listing of the EXPRESS entity data type names and corresponding short
names as specified in this part of 1ISO 10303. It also references a listing of each EXPRESS schema
specified in this part of ISO 10303, without comments or other explanatory text. These listings are

a

H PN PN "na + H>'S +alklaFf 2l ba—F. oot thho £o11 H LDl N
ATAUTC TTT CUTTTJULTTTITIICT PTTWAUITT TUTTT, ditu Ldl T T TUUTTU AU T TUTTUOWITTTY UTRN Lo,

SHort names:

http://www.tcl84-sc4.org/Short Names/

EXPRESS:

If

http://www.tcl84-sc4.org/EXPRESS/

T(C184/SC4 Secretariat directly at sc4sec@tc184-sc4.org.

there is difficulty accessing these sites contact 1SO Central Secretariat or contact the 1$0O

NOTE The information provided in computer-interpretable form, at ‘the above URLs is informative. The
information that is contained in the body of this part of ISO 10303 .is'iormative.

50
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Annex D
(informative)

EXPRESS-G diagrams

The diagrams in this annex correspond to the EXPRESS schemas specified in this part of 1ISO 10303.
The diagrams use the EXPRESS-G graphical notation for the EXPRESS language. EXPRESS-G is
defined in 1ISO 10303-11:2004, Annex D.
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(ABS)
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letch_create_cu rve_elemenJ

14,1
sketch_operate_transform

2,5
sketch_create_pattern_element

)

52

Figure D. 1 — procedural_sketch_schema EXPRESS-G diagram 1 of 16
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Figure D. 2 — procedural_sketch_schema EXPRESS-G diagram 2 of 16
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(ABS)
*sketch_create_curve_element

4,1
create_line_segment

4,2
create_centreline

51
create_circular_arc
12,2
create_fillet

12,3
create_chamfer

13,2
create «polyline

T

T

T

[ 14,1
\ sketch_operate_transform))

1

4,3
create_spline
4,4
create_parabolic_arc

9,1
create_circle

9,2
create_ellipse

12,4
create_divided curve

13,3
create_rectangle

T T

13,4
create_polygon

Figure D. 3— procedural_sketch_schema EXPRESS-G diagram 3 of 16
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4,1(3)

0

(ABS)

create_line_segment
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—

. 161 .
create_line_segment_2 points

<

163
create_line_segment_2_tangents

16,2
kcreate_line_segment_point_tan gent)

4,2(3)

B

*create_centreline

first ref_point

second ref_point

4,3(3)

B

closed

BOOLEAN

i

*create_spline

points L[4:7]

4,4(3)

10

*create” parabolic_arc

first_end_point

intermediate_point

second_end_point

Figure D. 4 — procedural_sketch_schema EXPRESS-G diagram 4 of 16
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5,1(3)

o

(ABS)
create_circular_arc

6,6
create_circular_arc 3 tan gents>

6,8
create_circular_arc_3 po ints>

1]

6,4
create_circular_arc_concentric

|

7,4
create_circular_arc¢.angles

7,1
create_circular_arc_centre_ends

7,2
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7,3
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8,1
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56

PLIEL]
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create_circular_arc start_en d_angle>

Figure D. 5 — procedural_sketch_schema EXPRESS-G diagram 5 of 16
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