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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

thr

ough 1SO technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with 1SO, also take part in the work. ISO

cdllaborates closely with the International Electrotechnical Commission (IEC) on all matters [of
electrotechnical standardization.

THh

Sthndards adopted by the technical committees are circulated to the member bodies for votirjg.

PU

Aftention is drawn to the possibility that some of the elements-of this part of 1ISO 10303 may be the
supject of patent rights. 1ISO shall not be held responsible*for identifying any or all such patent righfs.

re
si

ISP 10303-109 was prepared by Technical Committee ISO/TC184, Industrial automation systems apd

gch part of 1SO 10303¢is-a member of one of the following series: description methods,

mgle coneeptual product data model.

ernational Standards are drafted in accordance with the rules given in the ISO/IEC Ditectives, Part|2.
e main task of technical committees is to prepare International Standardsy-Draft Internatiorjal

blication as an International Standard requires approval by at least 75%.6f the member bodies castipg
ote.

egration, Subcommittee SC4, Industrial data)

(O 10303 is organized as a series of.parts, each published separately. The structure of ISO 10303(is

scribed in 1ISO 10303-1.

plementation methods) conformance testing methodology and framework, integrated genefic
bources, integrated application resources, application protocols, abstract test suites, applicatipn
erpreted construgcts, and application modules. This part is a member the of integrated applicatipn
bources series: The integrated generic resources and the integrated application resources specify a

A

nmplm‘n list of pnrfc of 1SO 10303 is availahle from the Internet:

©ISO 2004-All 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 basis
for archiving.

This part of ISO 10303 is a member of the integrated application resources series. Major subdivisions|of
th|s part of 1SO 10303 are:

— Assembly feature relationship schema;
— Assembly constraint schema.

This part of ISO 10303 provides general representations for geométric relationships betwegn
camponent parts within an assembly model. The distinction of assembly, subassembly and compongnt
part is context dependent. An assembly in some engineering eontext could be a component part|in
anjother engineering context. In order to cope with this variety; this part of ISO 10303 uses the tefm
pnstituent’ to represent a generic concept that implies assembly or subassembly or component part|in
cape these distinctions are not necessary.

(@]

EXAMPLE 1 For some applications, an electric motor is regarded as a single component part of a washiphg
machine rather than as an assembly in its own right.

Detailed geometric relationships between constituents of an assembly are required in applications suth
as| parametric representation of.geometric constraints between constituents, motion animation of pn
aspembly product, assembly/disassembly process planning, kinematics analysis and tolerance analys|s.

Existing STEP resource parts support limited assembly model representations. They captyre
higrarchical relationship, alternative constituent and mutual position and orientation between two
constituents.. This part of 1SO 10303 is intended to fill in missing information to enable the aboje
mentioned-applications.

feature is a portion of a constituent meaningful for representing the connecting relation between
constituents. The detailed geometric relationship between two constituents can be represented via the
necessary number of pairs of assembly features one belonging to one constituent and the other
belonging to the other constituent. The assembly_feature_relationship_schema has been created to
capture feature level correspondence between constituents.

vi ©IS0 2004-All rights reserved
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In most assembly related applications, not only correspondence of assembly features but also more
detailed geometric constraint information such as parallelism, coincidence, tangency, and co-axial
relationships are required at the geometric entity level.

EXAMPLE 2 Two plates belonging to different constituents are constrained to be parallel with distance-L.

These geometric constraint specifications applied between two constituents are summarised in the
assembly_constraint_schema. In assembly related applications, the position and orientation of at least
one constituent within an assembly model should be fixed to prevent infinite number of solutions. TILis

canstituent plays the role of an anchor. The necessary constraint is also included in the assembly-
donstraint_schema.

This part of 1SO 10303 is a member of a set of standards newly introduced for rgpresenting detailpd
geometric relationships among constituents of an assembly model of a product.

They are:

— 1SO 10303-109: Integrated application resources: Kinematic and geometric constraints for
assembly models

— 1SO 10303-1101: Application Module: Product property feature definition module

— 1SO 10303-1102: Application Module: Assembly feature:definition module

The relationships between schemas in this part of 1ISO.10303 and existing integrated resource schemas
of| ISO 10303 are illustrated in Figure 1. The schemas occurring in Figure 1 are components of 130
10303 integrated resources, and they are specified in the following resource parts:

explicit_constraint_schema
explicit_geometric_constraint_schema

ISO 10303-108
ISO 10303-108

geometric_model ,schema

geometry_schema
kinematic_metion_representation_schema
kinematicostructure_schema
parameterization_schema

ISO 10303-42
ISO 10303-42
ISO 10303-105
ISO 10303-105
ISO 10303-108

product_definition_schema ISO 10303-41
praduct_property_definition_schema ISO 10303-41
product_property_ representation_schema ISO 10303-41
product_structure_schema ISO10303-44
representation_schema ISO 10303-43

©ISO 2004-All rights reserved

vii


https://standardsiso.com/api/?name=371402b2e87beeb02e0149e3f26f05e0

ISO 10303-109:2004(E)

product_ definition_

product_ property_

schema definition_ schema product_ property_
representation_ schema
O O m O
1 : 1 1
| 1 |
! | product_ structure_ ! ! geometry _ schema
! : schema ! . -
! ! ' L
1 ! 1 | 1 :
o o
: ' Q Q F==—==========- - ! ' : ;
! L ! Loy geometric_ model |
[ L e TP - ! 1 schema
o T -0
11 1 1 N | .
LI ) '
B R B
R L N
I .
| assembly feature. | __ | ____________ e representation_
| . -
| relationship_ schema o schema
[ R 1o
o oo '_'C
g ! 1 1
[ [N ! [ 1
Lo 1! [ !
Ll ! LA
1 . -
L ' LN kinematic_ structure_
B A LN
n ! ! "":'4""{? schema
' 1| assembly_constraint_ | | iz 14
Lo schema D S ] i
: : .
| il i X 7 Radalid Fm—————— o
: : kinematic_ motion_
| bommmmo-- O representation_ schema
1
|
|
1

O O

support_ resource_
schema

O

explicit_ geometric_
constraint_ schema

parameterization_ schema

explicit_ constraint_

schema

Figure 1 — Schema level diagram of relationships between 1SO 10303-109 schemas (inside the
box) and other resource schemas
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Industrial automation systems and integration —
Product data representation and exchange -

Part-109:

Integrated application resource: Kinematic and geometric

<7

cpnstraints for assembly models

1[Scope

This part of 1SO 10303 specifies the resource constructs for the-rgpresentation of detailed geometfic
ationships between constituents of an assembly model including geometric constraints betwepn
constituents.

r

D

The following are within the scope of this part of 1ISQ 10303:

—{ The association of shape aspect relationship with its representation;

— The association of instanced assembly feature relationship with its representation;
— The representation of detailed geometric information of instanced assembly feature relationship|at

the geometric_repréesentation_item level in terms of elements such as assembly geometfic
constraints, kinematics pair and kinematics path;

— The representation of the fixed constituent which plays the anchor role in the assembly model.

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

— Product structure configurations of assemblies and their constituents.

— Tolerance information. See clause 5.2 of this part of 1ISO 10303.

©ISO 2004-All rights reserved 1
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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): Specification of
basic notation.

IS
ex
IS
ex
IS
ex
IS
ex
IS
ex
IS
ex
IS
ex
IS
ex

g8

Change — Part 1: Overview and fundamental principles.

O 10303-11, Industrial automation systems and integration — Product data representation a
change — Part 11: Description methods: The EXPRESS language reference manual.

O 10303-41, Industrial automation systems and integration — Product data fepresentation a
Change — Part 41: Integrated generic resource: Fundamentals of product description and support
O 10303-42, Industrial automation systems and integration — Product~data representation a
Change — Part 42: Integrated generic resource: Geometric and topological representation.

O 10303-43, Industrial automation systems and integration — Product data representation a
Change — Part 43: Integrated generic resource: Representatiopstructures.

O 10303-44, Industrial automation systems and integration — Product data representation a
change — Part 44: Integrated generic resource: Productstructure configuration.

O 10303-105, Industrial automation systems and-integration — Product data representation a
change — Part 105: Integrated application resource: Kinematics.

D 10303-108:2004, Industrial automation systems and integration — Product data representation a
change — Part 108: Integrated application-resource: Parameterization and constraints for expli
ometric product models.

O 10303-1, Industrial automation systems and integration — Product data representation,ahd

it
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3 Terms, definitions, and abbreviations
3.1 Terms defined in 1SO 10303-1
For the purposes of this document, the following terms defined in ISO 10303-1 apply.

— assembly;

—_— rnmpnnpnf

3.2 Terms defined in 1ISO 10303-11

Far the purposes of this document, the following terms defined in 1ISO 10303-11 apply:

— entity;
— entity data type;

—1 instance.

3.B Terms defined in 1ISO 10303-41

Fqgr the purposes of this document, the following term defined in 1ISO 10303-41 applies.

— shape aspect.

3.4 Terms defined in 1SO-10303-42

Far the purposes of this-document, the following terms defined in 1SO 10303-42 apply.

— boundary réprésentation solid model (B-rep);

— constructive solid geometry (CSG);

— (@eometric representation item.

3.5 Terms defined in 1SO 10303-43

For the purposes of this document, the following terms defined in 1SO 10303-43 apply.

— representation;

— representation context.

©ISO 2004-All rights reserved 3
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3.6 Terms defined in 1SO 10303-44

For the purposes of this document, the following terms defined in 1SO 10303-44 apply.

— constituent;

— sub-assembly.

Fd

¥ Terms defined in 1SO 10303-108

constrained element;

constraint;

constraint solver;

defined constraint;

dimensional constraint;

directed constraint;

explicit geometric constraint;

logical constraint;

reference element;

sketchs

Gndirected constraint.

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

3.8 Abbreviations

AP application protocol (of ISO 10303)

B-rep  boundary representation

©I1S0 2004-All rights reserved
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4 Assembly feature relationship

4.1 Introduction

The following EXPRESS declaration begins the assembly feature_relationship_schema and
identifies the necessary references.
EXPRESS specification:
*)
SGHEMA assembly_ feature_relationship_schema;
REFERENCE FROM assembly_ constraint_schema; -- 10303-109
REFERENCE FROM geometry_schema; -- 10303-42
REFERENCE FROM kinematic_motion_representation_schema; -- 10303-105
REFERENCE FROM kinematic_structure_schema; -- 10303-105
REFERENCE FROM product_definition_schema; --_,10303-41
REFERENCE FROM product_property_definition.schema; -- 10303-41
REFERENCE FROM product_property_representation_schema; -- 10303-41
REFERENCE FROM product_structure_schema; -- 10303-44
REFERENCE FROM representation_schema; -- 10303-43
REFERENCE FROM support_resource_schema; -- 10303-41
(i
NOQTE 1 The schemas referenced above.can be found in the following parts of ISO 10303:
assembly_constraint_schema 1SO 10303-109
geometry schema 1SO 10303-42
kinematiC) motion_representation_schema 1ISO 10303-105
kinemadtic_structure_schema ISO 10303-105
product_definition_schema 1ISO 10303-41
product_property_definition_schema ISO 10303-41
product_property_representation_schema ISO 10303-41
product_structure_schema 1SO 10303-44
representation_schema ISO 10303-43
support_resource_schema 1SO 10303-41
NOTE 2 See annex D, Figure D.1, for a graphical presentation of this schema.
©ISO 2004-All rights reserved 5
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4.2 Fundamental concepts and assumptions

An important concept in this part of ISO 10303 is assembly_feature. It is a portion of a constituent
used for defining a connectivity relationship between constituents of an assembly model. It is actually
defined in 1ISO 10303-1102: Assembly feature definition module as an entity named instanced-
_assembly feature that is a subtype of product_property_instanced_feature defined in ISO
10303-1101: Product property feature definition module. As described in the introduction paragraph of
this part of 1SO 10303, these two modules in combination with this part of ISO 10303 support the

r

D

ationships.

The product_property_instanced_feature itself is a subtype of shape_aspect defined in 140
10303-41 as shown in annex E. The necessary number of pairs of assembly_feature instances ohe
belonging to one constituent and the other belonging to the other constituent can represent the detailpd
geometric relationship between two constituents within an assembly model.

This schema provides resource constructs for linking shape_aspect_relationship with |ts
cqrresponding representation_relationship and for detailing ‘geometric information of the
representation_relationship.

The entity shape_aspect defined in ISO 10303-41 is an identifiable element of the shape of a produft,
and is used to specify a portion of a product shape. The entity shape_aspect_relationship also defingd
in[{ISO 10303-41 relates two instances of shape_aspect.

EXAMPLE 1 If aproduct named “gear box” has'aset of bearing holes for supporting a set of journals of a proddict
named “shaft”, the bearing holes and the.journals are shape_aspect instances. The instances of shape aspgct

representing bearing holes may have .some relationships with the instances of the shape_aspect representihg
jodirnals. These relationships can be:described by the use of shape_aspect_relationship.

The geometric shape of(@n instance of shape_aspect is represented by using an instance of shapq -
representation defined-in 1ISO 10303-41. If a pair of shape_aspect instances are related with each other,
the shape_representation instance of one shape_aspect instance may be specified in the context of the
shiape_representation instance of the other shape_aspect instance. An entity data type shape_aspegt-
_nelationship_representation_association is introduced to relate an instance of shape_aspect -
refationship with an instance of representation_relationship representing the geometric relationship
between two shape_aspect instances.

EXAMPLE 2 In the above example consisting of a gear box and a shaft, shape_aspect_relationship_-
representation_association is used to identify the representation_relationship representing the relative
position and orientation between a bearing hole and a journal.

As for the representation of detailed geometric information of instanced_assembly_feature_-
relationship, this schema enables the selection from among binary_assembly_constraint,
constrained_kinematic_motion_representation and free_kinematic_motion_representation.

6 ©I1S0 2004-All rights reserved
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3 Assembly feature relationship type definitions

3.1 Representing relationship

The representing_relationship type is used to distinguish those major subtypes of instanced_-
assembly_feature_relationship_representation_association which are binary_assembly_-
constraint, constrained_kinematic_motion_representation, and free_kinematic_motion_-
representation.

EXPRESS specification:

*)
TYPE representing_relationship = SELECT
(hinary_assembly_constraint,
cgnstrained_kinematic_motion_representation,
ffee_kinematic_motion_representation);
END_TYPE;-- representing_relationship

(-.l

A

re

EXPRESS specification:

£ Assembly feature relationship entity definitiens

4.1 Shape aspect relationship representation‘association

*)

ENTITY shape_aspect_relationship_representation_association;

represented_shape_aspect_relationship: shape_aspect_relationship;

shape_aspect_relationship_representation_association identifies an instance of representation
ationship representing the geometric information of an instance of shape_aspect_relationship.
TRhis entity is used to describe_the relative position and orientation between a pair of shape_aspg
ingtances.

ct

representing_representation_relationship : representation_relationship;

WHERE
WR1: ("REPRESENTATIVE_SHAPE_REPRESENTATION® IN

TYPEOF(representing_representation_relationship\
representation_relationship.rep_1)) AND
("REPRESENTATIVE_SHAPE_REPRESENTATION® IN
TYPEOF(representing_representation_relationship\
representation_relationship.rep_2));

©ISO 2004-All rights reserved
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WR2: (represented_shape aspect_relationship.relating_shape_aspect IN
using_shape_aspect_of _shape representation
(representing_representation_relationship.rep_1))
AND(represented_shape_aspect_relationship.related_shape_aspect IN
using_shape_aspect_of _shape representation
(representing_representation_relationship.rep_2));
WR3: ((find_representative _shape_representation_of product _definition

(using_product_deTinition_oT_shape_aspect

(represented_shape aspect_relationship.relating_shape_aspect)).
context_of _items) :=:
(find_representative_shape_representation_of shape_aspect
(represented_shape_aspect_relationship.relating_shape_aspect) .
context_of_items)) AND
((find_representative_shape_representation_of product definition
(using_product_definition_of shape aspect

(represented_shape aspect_relationship.relatedsshape _aspect)).
context_of items) :=:
(find_representative_shape_representation<of shape_aspect
(represented_shape aspect_relationshipapelated shape aspect).
context_of_items));

WR4: using_product_definition_of_shapelaspect
(represented_shape_aspect_relationship.relating_shape_aspect) :<>:
using_product_definition_ofk'shape_aspect
(represented_shape_aspect relationship.related_shape_aspect);
WR5: find_assembly_root ([using_product_definition_of_shape_aspect
(represented_shape.aspect_relationship.relating_shape_aspect)]) :=:
find_assembly roeot’/ ([using_product _definition_of shape aspect
(represented_shape aspect_relationship.related_shape aspect)]);
END ENTITY; -- _shape aspect relationship_representation_association

(-.l

Altribute.definitions:

represented shape aspect relationship: An instance of shape aspect relationship
representing_representation_relationship: An instance of representation_relationship that

represents the geometric information of the shape_aspect_relationship instance specified by
represented_shape_aspect_relationship.

8 ©I1S0 2004-All rights reserved
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Formal propositions:

WR1: The representing_representation_relationship shall be a relationship between a pair of
representative_shape_representation instances.

WR2: The relating_shape_aspect of the shape_aspect_relationship specified by the first attribute
shall be represented by an instance of representative_shape_representation indicated by rep_1 of the
representing_representation_relationship specified by the second attribute. The related_shape_
aspect of the shape_aspect_relationship specified by the first attribute shall be represented by pn
intance of representative_shape_representation indicated by rep_2 of the representing| -
representation_relationship specified by the second attribute.

R3: Two instances of representative_shape_representation representing an instance of shapq -
aspect and an instance of product_definition respectively shall have the same walue for context_of| -
itgms.

WR4: The relating_shape_aspect and the related_shape_aspect ofan instance of shape_aspect -
relationship shall not belong to the same instance of product_definition.

WR5: Two product_definition instances, which include the relating_shape_aspect instance and the

related_shape_aspect instance of an instance of.shape_aspect_relationship respectively, gre
refluired to be constituents of the same assembly.

4.4.2 Representative shape representation

Alrepresentative_shape_representation is a subtype of shape_representation that is a representatije
shipe of a product_definitionor a shape_aspect.

NOTE A ‘representativecShape’ is a shape_representation that represents the referenced product_definition|or
shhpe_aspect with the)most detailed geometric representation. Identification of the most detailed geometfi

)

representation becomes necessary as this resource part represents the geometric information of connectivjty
befween constituents at the most detailed geometric_representation_item level, and as one product_definitipn
orjone shape_aspect may be represented by two or more shape_representations.

EXPRESS specification:

*)
ENTITY representative_shape representation
SUBTYPE OF (shape_representation);
WHERE
WR1: unique_in_product_definition (SELF) OR unique_in_shape_aspect (SELF);
END_ENTITY; -- representative_shape_ representation

(*

©ISO 2004-All rights reserved 9
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Formal propositions:

WR1: If existing, a representative_shape_representation shall be unique for the corresponding

sh

ape_aspect or product_definition.

4.4.3 Free kinematic motion representation

A

Sp
re

free_kinematic_motion_representation represents a free kinematics motion in three dimensional
pce of an assembly feature with respect to another assembly feature. The motion is represented by a
ative kinematics motion between a pair of geometric_representation_context instances of the

shiape_representation instances representing the assembly features. Detailed infermation about the
constraints is described by applying the entity kinematic_path defined in ISO 10303-105.

EXPRESS specification:

*)

ENTITY free_kinematic_motion_representation

WH
WH

WH

SUBTYPE OF (representation_relationship_ with_ transformation);

SELF\representation_relationship.rep_1:
representative_shape_representation;

SELF\representation_relationship._rep_2:
representative_shape_representation;

motion : kinematic_path;

ERE

1: "ITEM_DEFINED_TRANSFORMATION® IN TYPEOF
(SELF\representation_relationship_with_transformation.

transformation_-operator);

2: ("GEOMETRY.‘SCHEMA_GEOMETRIC_REPRESENTATION_ITEM® IN TYPEOF
(SELF\representation_relationship_with_transformation.
transfermation_operator\item_defined_ transformation.transform_item 1))
ANDCSGEOMETRY_SCHEMA .GEOMETRIC_REPRESENTATION_ITEM®™ IN TYPEOF
(SELF\representation_relationship_with_transformation.

transformation operator\item defined transformation.transform item 2));

WR3: ((dimension_of

10

(SELFR\representation_relationship_with_transformation.
transformation_operator\item_defined_transformation.
transform_item_1\geometric_representation_item) = 3 ) AND

(dimension_of

(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.
transform_item_2\geometric_representation_item) = 3 ));

©I1S0 2004-All rights reserved
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WR4 : (SELF\representation_relationship.rep_1 IN
(using_representations
(SELF\representation_relationship_with_transformation.

transformation_operator\item_defined_transformation.transform_item 1)

+ using_representation_with_mapping
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.transform_item 1))
AND(SELF\representation_relationship.rep_2 IN

(using_representations
(SELR\representation_relationship_with_transformation.
transformation_operator\item_defined_transformation.transform. item 2
+ using_representation_with_mapping
(SELR\representation_relationship_with_transformation.

END ENTITY; -- free_kinematic_motion_representation

(-.l

Altribute definitions:

SELF\representation_relationship.rep_1: An instarice’of shape_representation of the ty
representative_shape_representation to which the transformation applies.

SELF\representation_relationship.rep_2:_An instance of shape_representation of the ty
representative_shape_representation whick’is related to rep_1 by the transformation.

mption: Description of the free kinernatics motion. The motion is described by the transformati
begtween two instances of geometric_representation_item belonging to two different instances

shiape_representation.

Farmal propositions:

WR1: SELF\representation_relationship_with_transformation.transformation_operator shall
of{type itemdefined_transformation.

transformation_operator\item_defined_transformation.transform_item 2)));

)

of

item.

WR3: Both transform_item_1 and transform_item_2 shall have a dimensionality of three.

WR4: transform_item_1 shall be used, directly or indirectly, by rep_1 and transform_item_2 shall

be used, directly or indirectly, by rep_2.

©ISO 2004-All rights reserved
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4.4.4 Constrained kinematic motion representation

A

constrained_kinematic_motion_representation represents a kinematics motion constrained by a

kinematic pair between a pair of assembly features. The relationship is represented as a relative
kinematics motion between a pair of geometric_representation_item instances belonging to two
representative_shape_representation instances which represent target assembly features. Detailed
information about the constraints is derived by applying the entity kinematic_pair defined in ISO
10303-105.

EXPRESS specification:

*)
EN

WH
WH

WH

WH

SELF\representation_relationship.rep_1:

SELF\representation_relationship.rep_2:

TITY constrained_kinematic_motion_representation
SUBTYPE OF (representation_relationship_with_transformatioen) ;

representative_shape_representation;

representative_shape_representation;
ERE
1: ("GEOMETRY_SCHEMA_AXIS2_PLACEMENT_3D" ¢«M\* TYPEOF
(SELR\representation_relationship_with_ transformation.
transformation_operator\item_defined_transformation.transform_item 1))
AND("GEOMETRY_SCHEMA.AXIS2_PLACEMENT_3D" IN TYPEOF
(SELF\representation_relatignship_with_transformation.
transformation_operator\item_defined_transformation.transform_item 2));
2: ((dimension_of
(SELF\representation.relationship_with_transformation.
transformation_operator\item_defined_ transformation.
transform_iteml\geometric_representation_item) = 3 ) AND
(dimension.\of
(SELF\representation_relationship_with_transformation.
transfaermation_operator\item_defined_ transformation.
transform_item_2\geometric_representation_item) = 3 ));
3:(SELF\representation_relationship.rep_1 IN

(using representations

12

(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_transformation.transform_item_ 1)

+ using_representation_with_mapping
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.transform item 1)))
AND(SELF\representation_relationship.rep_2 IN

(using_representations
(SELF\representation_relationship_with_transformation.

©I1S0 2004-All rights reserved
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transformation_operator\item_defined_transformation.transform_item_ 2)
+ using_representation_with_mapping
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.transform item 2)));
WR4: “KINEMATIC_PAIR" IN TYPEOF
(SELF\representation_relationship_with_transformation.
transformation_operator);
END_ENTITY; -- constrained_kinematic_motion_representation

(

Altribute definitions:

SELF\representation_relationship.rep_1: An instance of shape_representation of the type
representative_shape_representation to which the transformation applies.

SELF\representation_relationship.rep_2: An instance of shape .representation of the type
representative_shape_representation which is related to rep_1 by the‘transformation.

Farmal propositions:

WR1: The two representation_item instances specified-by the inherited attribute transformation_.
ogerator shall be of type axis2_placement_3d.

WR2: The two geometric_representation_item instances specified by the inherited attribte
transformation_operator shall have a.dimensionality of three.

WR3: transform_item_1 shall.be used, directly or indirectly, by rep_1 and transform_item_2 shall
b used, directly or indirectly, by rep_2.

WR4: SELF\represéntation_relationship_with_transformation.transformation_operator shall pe
a kinematic_pair.specifying a pair of representation_items for its representation.

4% Assembly feature relationship function definitions

4.5.1 Assembly root

The function assembly_root determines if an instance of product_definition is the root node in the
tree structure defined by an instance of assembly_component_usage as defined in ISO 10303-44. This
means that the instance of product_definition is a highest level constituent of an assembly.

©ISO 2004-All rights reserved 13
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EXPRESS specification:

*)
FUNCTION assembly_ root

(item: product_definition) : BOOLEAN;

-- extraction of related assembly component_relationships --
IF (S1ZEOF(USEDIN (item,

"PRODUCT_STRUCTURE_SCHEMA .ASSEMBLY_COMPONENT_USAGE . * +
"RELATED_PRODUCT_DEFINITION®")) = 0) THEN RETURN(TRUE):

EL
EN
EN

(*

A

SE RETURN (FALSE);
D_IF;
D_FUNCTION;

gument definitions:

itf
as

TH
ro
co

5.2 Find assembly root

m: An instance of product_definition to be checked to ascertain whether it is a root node of pn
sembly structure.

e function find_assembly_root finds a set of produyct_definition instances that are the commpn
pt of specified product_definition instances in the tree structure defined by instances of assembly| -
mponent_usage as defined in 1ISO 10303-44.

KPRESS specification:

*)
FU

Ld

NCTION find_assembly-root
(constituent: SET\OF product _definition) : SET OF product definition;

CAL
local _relation: SET OF assembly_component usage := [];
local _redation2: BAG OF assembly component_usage := [];

local parent: SET OF product_definition = [];
root s SET OF product_definition;

i“3 INTEGER := O;

J - INTEGER := O;
END_LOCAL;

-- Is constituent a root ? --
IF ((S1ZEOF (constituent) = 1) AND assembly root (constituent[1]))

THEN RETURN ([constituent [1]1);

-- ERROR constituent is vacant --

14

ELSE IF (SIZEOF (constituent) = 0 ) THEN RETURN ([1):

©I1S0 2004-All rights reserved


https://standardsiso.com/api/?name=371402b2e87beeb02e0149e3f26f05e0

1SO 10303-109:2004(E)

-- extraction of related assembly component_relationships --
ELSE
REPEAT j:= 1 TO HIINDEX(constituent);
local_relation2 := local _relation2 + (USEDIN (constituent[j],
"PRODUCT_STRUCTURE_SCHEMA . ASSEMBLY_COMPONENT_USAGE . *
+"RELATED_PRODUCT_DEFINITION™));
END_REPEAT;
local _relation = bag_to_set (local _relation2);
IF (SI1ZEOF(local_relation) = 0) THEN
IF (SIZEOF(constituent) = 1) THEN RETURN ([constituent[1]])-
ELSE RETURN ([D);
END_IF;
ELSE
-4 extraction of a set of parents --
REPEAT i :=1 TO HIINDEX(local relation);
REPEAT j := 1 TO HIINDEX(constituent);
IF (local _relation[i].relating product-definition <>
constituent[j]) THEN

local _parent := local _parent +
local_relatiopn]i]-relating_product_definition;
END_IF;
END_REPEAT;
END_REPEAT;

IF ((S1ZEOF (local_parent) = 1 ) AND
assembly root ‘(Pocal_parent[1]))
THEN RETURN (L hocal parent[1]]);
ELSE IF (SHZEOF (local _parent) = 0) THEN RETURN ([1);
-4 try again --
ELSE
root := find_assembly root(local_parent);
IF (SIZEOF (root) =1) THEN RETURN (root);
ELSE IF (SIZEOF (root) = 0) THEN RETURN ([D;
END_IF;
END IF;
END_IF;
END_IF;
END_IF;
END_IF;
END_IF;
END_FUNCTION;
*
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Argument definitions:

constituent: A set of product_definition instances whose common root shall be sought in the
tree structure defined by instances of assembly_component_usage as defined in 1ISO 10303-44.

4.5.3 Find shape representation of product definition

The_function ﬁnd_shapp_rpprpqpnfaﬁnn_nf_prndurt_dpﬁniﬁnn finds qhapp_rpprpqpntaﬁ n

ingtances representing the shape of a specified product_definition instance.

EXPRESS specification:

*)
FUNCTION find_shape_representation_of product_definition
(item:product_definition) : SET OF shape_representation;
LQCAL

local_p_d_s: SET OF product_definition_shape := [}5

local p d s2: BAG OF product _definition_shape = [];

local_s d r: SET OF shape definition_representation := [];
local_s d r2: BAG OF shape_definition_representation := [];
local_s r: SET OF shape_representation~3= [];
i : INTEGER;

END_LOCAL;

-4 Find product_definition_shapex'representing the product_definiton
local p d s2 := local_p_d s2 + (USEDIN (item,

"HRODUCT_PROPERTY_DEFINITION)SCHEMA.PRODUCT_DEFINITION_SHAPE._DEFINITION"™))
local p d s := bag_to.set(local p d s2);

-4 Find shape_definition_representations refereing to the local p d s
REPEAT i := 1 to HFINDEX (local p_d s);
local s d r2.:= local_s d r2 + (USEDIN (local _p_d s[i],
"PRODUCT_PROPERTY_REPRESENTATION_SCHEMA.*® +
"SHAPE_DEFINITION_REPRESENTATION.DEFINITION®));
END_REPREAT;
local_ s d r := bag_to_set (local_s_d r2);
REPEAT i := 1 to HIINDEX (local_s d r):
IF("PRODUCT_PROPERTY_REPRESENTATION_SCHEMA .SHAPE_REPRESENTATION*®
IN TYPEOF (local_s d_r[i]-used_representation)) THEN
local_s r = local_s r + local_s _d_r[i].used_representation;
END_IF;
END_REPEAT;
RETURN (local_s_r);
END_FUNCTION;

(*

16 ©I1S0 2004-All rights reserved
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Argument definitions:

item: An instance of product_definition whose shape_representation instances are to be sought.

4.5.4 Find shape representation of shape aspect

TH
in

ptances representing the shape of a specified shape_aspect instance.

EXPRESS specification:

*)

FUNCTION find_shape representation_of shape aspect

(item:shape_aspect) : SET OF shape_ representation,

LAQCAL
local p d: SET OF property_definition:= [];
local_s d r: SET OF shape definition_representation := [];
local_s d r2: BAG OF shape_definition_representation := [];
local_s r: SET OF shape_representation = [];
i - INTEGER;

END_LOCAL;

find property _definition representing the shape aspect
local_p d := bag_to_set (USEDIN (item,
"PRODUCT_PROPERTY_DEFINITION_SCHEMA .PROPERTY_DEFINITION.DEFINITION®));
find shape_definition.representations refereing to the local p d
REPEAT i := 1 to HIINDEX (local_p_d);
local s d r2="local_s d r2 + (USEDIN (local _p_d[i],
"PRODUCT_PROPERTY_REPRESENTATION_SCHEMA.* +
"SHAPE_DEFINITION_REPRESENTATION.DEFINITION®));
END_REPEAT;
local_s d r := bag_to_set (local_s_d r2);
REPEAT i = 1 to HIINDEX (local_s d r);

e function find_shape_representation_of shape aspect finds a set of shape_representati

EN
(*

©l

IF("PRODUCT_PROPERTY_REPRESENTATTON_SCHEMA.SHAPE_REPRESENTATTON™
IN TYPEOF (local_s d_r[i]-used_representation)) THEN
local_s r = local_s r + local_s _d_r[i]-.used_representation;
END_IF;
END_REPEAT;
RETURN (local_s r);
D_FUNCTION;

SO 2004-All rights reserved
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Argument definitions:

item: An instance of shape_aspect whose shape_representation instances are to be sought.

4.5.5 Find representative shape representation of product definition

The function find_representative_shape_representation_of _product_definition finds an instance of

re rpqpntaﬁvp_qhapp_rpprpcpnfaﬁnn rpprpqpnﬁng the qhapp of a qppriﬁpd prndurf_dpﬁniﬁ n

ingtance.

EXPRESS specification:

*)
FUNCTION find_representative shape_representation_of_product’ definition
(item:product_definition) : shape representation;
LQCAL
local_s r: SET OF shape_representation := [];
END_LOCAL;
-4 Find representative_shape_ representation 0OFf the product_definition
local_s r := QUERY
( z <* find_shape_representation_of*product_definition (item)]
"REPRESENTATIVE_SHAPE_REPRESENTATION® IN TYPEOF(Z2));
IF (SIZEOF (local_s_r) = 1) THEN RETURN (local_s_r[1]);
ELSE local_s r := []; RETURN(Iocal_s r[1]);
END_IF;
END_FUNCTION;
(-.l

Argument definitions:

itam: An instance-of product_definition whose representative_shape_representation instance is {o
be sought.

4.5 6)Find representative shape representation of shape aspect

The function find_representative_shape_representation_of shape_aspect finds an instance of
representative_shape_representation representing the shape of a specified shape_aspect instance.

EXPRESS specification:

*)

FUNCTION find_representative_shape_representation_of shape aspect

18 ©I1S0 2004-All rights reserved
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(item:shape_aspect) : shape_representation;

LOCAL

local_s r: SET OF shape_representation := [];

END_LOCAL;
-- Ffind representative_shape representation of the shape aspect

local_s r := QUERY ( z <* find_shape_representation_of shape_aspect (item)]|

"REPRESENTATIVE_SHAPE_REPRESENTATION® IN TYPEOF(2));

IF (SIZEOF (local_s r) = 1) THEN RETURN (local_s r[1]);

ELSE Nocal_s_r = |]; RETURN(Nocal_s_r|1]);
END IF;
END_FUNCTION;
(i
Airgument definitions:
itgm: An instance of shape_aspect whose representative_shape_representation instance is to be
sought.
4.%5.7 Unique in product definition
The function unique_in_product_definition checks if.a specified instance of representative_shapq
representation is unique in the corresponding groduct_definition instance. This function retun
TRUE only if the instance of product_definition corresponding to the specified representative .
shape_representation instance does.not have references to other representative_shape[
representation instances.
EXPRESS specification:
*)
FUNCTION uniqué~in_product_definition
(item:representative_shape representation) : BOOLEAN;

LQCAL

local\p d: SET OF product_definition := [];

local_s_r: SET OF shape_representation := [];

T . INTEGER;

J - INTEGER;
END_LOCAL;

-- find product_definitions represented by the input

-- representative_shape_representation

local p d := using_product_definition_of _shape representation (item);

-- ERROR

©ISO 2004-All rights reserved
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ELSE

-- find shape_representation representing the product_definitions

REPEAT i := 1 to HIINDEX (local_p_d);
local_s r := find_shape_representation_of product _definition

(local_p d[i]);
REPEAT j := 1 to HIINDEX (local_s r);

IF (("REPRESENTATIVE_SHAPE_REPRESENTATION" IN TYPEOF (local_s_r[i1))

AND (local_s r[j] :<>: item)) THEN RETURN (FALSE);

EN
(-.l

A

END_TF:
END_REPEAT;
END_REPEAT;
END_IF;
RETURN (TRUE);
D_FUNCTION;

gument definitions:

itf
co

m: An instance of representative_shape_representation*whose uniqueness with regard to t
rresponding product_definition instance is to be checked.

4.5.8 Unique in shape aspect
The function unique_in_shape_aspect checks if a specified representative_shape_representatipn
ingtance is unique in the corresponding:shape_aspect instance. This function returns TRUE only if the
shiape_aspect instance corresponding to the specified representative_shape_representation instance
dges not have references to other-representative_shape_representation instances.
EXPRESS specification:
*)
FUNCTION<unique_in_shape_aspect
(item:representative_shape_representation) : BOOLEAN;

LQCAL

Tocal_s _a:I SET OF shape_aspect = [];

local_s r: SET OF shape_representation := [];

i - INTEGER;

J - INTEGER;
END_LOCAL;
-- find shape_aspects represented by the input
-- representative_shape_representation

local_s a := using_shape_aspect of _shape representation (item);
20 ©I1S0 2004-All rights reserved
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ERROR
IF (S1ZEOF (local_s_a) <> 1) THEN RETURN (FALSE);
ELSE
find shape_representation representing the shape_aspect
REPEAT i1 := 1 to HIINDEX (local_s a);
local_s r := find_shape_representation_of shape_aspect
(local_s ali]);
REPEAT j := 1 to HIINDEX (local_s r);

EN
(-.l

A

IF ((" REPRESENTATTVE _SHAPE_REPRESENTATTON ™ TN TYPEOF (Tocal s_r[il))
AND (local_s_r[j] :<>: item)) THEN RETURN (FALSE);
END_IF;
END_REPEAT;
END_REPEAT;
END_IF;
RETURN (TRUE);
D_FUNCTION;

gument definitions:

itq

cdrresponding shape_aspect instance is to be checked.

4.5.9 Using product definition of shape aspect

TH

that uses a specified shape_agpéct instance, if such a one exists.

EXPRESS specification:

m: An instance of representative_shape_representation whose uniqueness with regard to the

e function using_product_definition_of _shape_aspect finds an instance of product_definitipn

*)
FU

1A

NCTION<¢Using_product_definition_of shape aspect
(item:shape_aspect) : product_definition ;
€ PRODUCT_DEFINITION_SCHEMA _PRODUCT_DEFINITION™ IN TYPEOF

(1tem.of_shape.definition)) THEN
RETURN (item.of_shape.definition);

END_IF;
END_FUNCTION;
(*

©ISO 2004-All rights reserved
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Argument definitions:

item: An instance of shape_aspect of which the corresponding product_definition instance is to be
sought.

4.5.10 Using product definition of shape representation

The function using_product_definition_of_shape_representation finds all the product_definition

ingtances that useaspecifiedshape_representationinstance:

EXPRESS specification:

*)
FUNCTION using_product_definition_of_shape_representation
(item: shape_representation) : SET OF product_definition;
LQCAL

local_s d _r: SET OF shape definition_representation = [];
local_p d_s: SET OF product_definition_shape :=/]1;
local_p d: SET OF product_definition := [];

i - INTEGER;
END_LOCAL;
-4 find shape_definition_representations
local_s d r := local_s d r + bag.to set (USEDIN (item,

TPRODUCT_PROPERTY_REPRESENTATIONCSCHEMA. " +

1SHAPE_DEFINITION_REPRESENTATHON.USED_REPRESENTATION"));

-4 find product_definition_Shape & product_definitions

REPEAT i := 1 TO HIINDEXw(local s d r);

IF (("PRODUCT_PROPERTY_DEFINITION_SCHEMA_PRODUCT_DEFINITION_SHAPE" IN
TYPEOF (local_s_d_r[i]-definition) AND
("PRODUCT_DEFINITION_SCHEMA._PRODUCT_DEFINITION®" IN TYPEOF

(localss—d_r[i]-definition.definition)))

THEN locad”p_d := local_p_d + local_s d_r[i]-definition_definition;

ELSE -h5) (("PRODUCT_PROPERTY_DEFINITION_SCHEMA.PROPERTY_DEFINITION® IN
TYPEOF (local_s _d_r[i].definition)) AND
("PRODUCT_DEFINITION_SCHEMA.PRODUCT_DEFINITION®" IN TYPEOF

(local_s_d_r[i1].definition.definition)))

THEN local_p d := local _p d + local_s d r[i].definition.definition;

END_IF;

END_IF;

END_REPEAT;

RETURN (local_p_d);

END_FUNCTION;

*
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Argument definitions:

item: An instance of shape_representation whose corresponding product_definition instances are to
be sought.

4.5.11 Using shape aspect of shape representation

The function using_shape aspect of shape representation finds all the shape aspect instances that
arg represented by a specified shape_representation instance.

EXPRESS specification:

*)
FUNCTION using_shape aspect_of shape representation
(item: shape_representation) : SET OF shape_aspect;

LQCAL
local_s d r: SET OF shape definition_representation := [];
local_s d r2: BAG OF shape_definition_representation := [];
local_s_a: SET OF shape_aspect := [];
i : INTEGER;

END_LOCAL;

-4 find shape_definition_representations
local_ s d r2 :=local_s _d_r2 *AUSEDIN (item,

"PRODUCT_PROPERTY_REPRESENTATION_SCHEMA." +

"SHAPE_DEFINITION_REPRESENTATION.USED_REPRESENTATION®));

local_s d_r := bag_toOcset (local _s_d_r2);

-4 Find shape_aspects

REPEAT i = 1 TO HLINDEX (local_s d r);

IF ("PRODUCT_-PROPERTY_DEFINITION_SCHEMA.SHAPE_ASPECT®" IN TYPEOF
(localhs/d_r[i1]-definition))

THEN Becal s a := local_s a + local_s d r[i]-definition;

END_<tF;

END-REPEAT;

REFORN ( } uua:_o_a) "
END_FUNCTION;
(*

Argument definitions:

item: An instance of shape_representation whose corresponding shape_aspect instances are to be
sought.
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4.5.12 Using representations with mapping

The function using_representations_with_mapping returns all the representation instances where a
specified representation_item instance is used through mapping.

EXPRESS specification:

FUNCTION using_representation_with_mapping

(item - representation_item) : SET OF representation;

LQCAL
results: SET OF representation := [];
local_results : SET OF representation := [];
local_representation_map : SET OF representation_map :=N};
intermediate_items : SET OF representation_item := []§
i - INTEGER;
J : INTEGER;

END_LOCAL;

-4 find the representations in which the item\is used
-4 and which is referenced from the representation_map
local_results := QUERY (z <* using_representations (item)]
SIZEOF (USEDIN (z, "REPRESENTATION_SCHEMA.REPRESENTATION_MAP." |+
"MAPPED_REPRESENTATION")) > 0 );
IF (SIZEOF (local_results) =.0)" THEN RETURN ([D):;
ELSE
-4 Find the set of representation_map in which the local_results are used
REPEAT i := 1 TO HIINDEX(local _results);
local_representation map := local_representation_map +
bag to set (USEDIN (local _results[i],

"REPRESENTATION_SCHEMA .REPRESENTAT ION_MAP _.MAPPED_REPRESENTATION®));
END_REPREAT;

-4 find\the set of mapped_item

REPEAT i1 = 1 TO HIINDEX(local_representation_map);
Intermediate_rtems -= intermediate_rtems +

bag_to_set (USEDIN (local_representation_map[i],
"REPRESENTATION_SCHEMA .MAPPED_ITEM.MAPPING_SOURCE"));
END_REPEAT;
-- repeat same manner
REPEAT j := 1 to HIINDEX(intermediate_ items);
results := results + bag_to_set (using_representation_with_mapping
(intermediate_items[j]));
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END_REPEAT;
END_IF;
RETURN (results);

END_FUNCTION;
(*

Argument definitions:

1SO 10303-109:2004(E)

itq
ar

E\

m: An instance of representation_item for which the corresponding representation instances.that

b used through mapping, are to be sought.

KPRESS specification:

*)
EN
(-.l

D _SCHEMA; -- assembly feature_ relationship_schema

©ISO 2004-All rights reserved
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5 Assembly constraint

5.1 Introduction

The following EXPRESS declaration begins the assembly_constraint_schema and identifies
necessary external references.

the

EXPRESS specification:
*)
SGHEMA assembly constraint_schema;
REFERENCE FROM assembly feature_relationship_schema; -- 180-10303-109
REFERENCE FROM explicit_constraint_schema; -- 1SO 10303-108
REFERENCE FROM explicit_geometric_constraint_schema;“s- 1SO 10303-108
REFERENCE FROM geometric_model schema; -- 1SO 10303-42
REFERENCE FROM geometry_schema; -- 1SO 10303-42
REFERENCE FROM parameterization_schema; -- 1SO 10303-108
REFERENCE FROM product_definition_schema;¢ <+ 10303-41
REFERENCE FROM product_structure_schema;“-- 1SO 10303-44
REFERENCE FROM representation_schemas\, -- 1SO 10303-43
REFERENCE FROM support_resource_schema; -- 10303-41
(i
NOTE 1 The schemas referenced abowve, unless otherwise stated, can be found in the following parts of SO
10B03:

assembly- feature_relationship_schema
explicit_constraint_schema

explicit_geometric_constraint_schema

1SO 10303-109
1SO 10303-108
ISO 10303-108

geometric_model_schema 1SO 10303-42
geometry_schema 1SO 10303-42
parameterization_schema ISO 10303-108
product definition schema 1SO 10303-41
product_structure_schema ISO 10303-44
representation_schema 1SO 10303-43
support_resource_schema 1ISO 10303-41

NOTE 2 See annex D, Figures D.2, for a graphical presentation of this schema.

26
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5.2 Fundamental concepts and assumptions

This schema provides the resources for the specification of explicit geometric constraints between
constituents of an assembly model. Although all the constraints defined in this schema are subtypes of
constraints defined in 1SO 10303-108, there is a significant limitation in their semantics. They are
intended to control position and orientation between exactly two constituents in an assembly, and for
this reason their interpretation is as follows:

— An assembly_constraint asserts relationships involving rigid constituents, which centiol
transformation matrices that position and orient models of those constituents.

NOTE A constrained model using ISO 10303-108 may, under other circumstances, be.concerned wijth
rellationships between elements of a component part model.

— All constraints in this schema with the exception of the fixed_constituent_assembly_constraint
are binary constraints controlling the relationship between precisely two constituents in gn
assembly. They each therefore assert relationships between twg.geometric elements, one of whigh
shall be specified by reference_elements and the other shalbbe’specified by constrained_elemerts
which are attributes inherited from explicit_constraint_schema defined in clause 5 of 1SO 10303-
108. In the case of fixed_constituent_assembly_censtraint, the target constituent is fixed with
regard to the context of the highest constituent, namely the assembly root.
—1 In the case of binary constraints, related geometric elements shall belong to different constituentsof
an assembly model. Since a geometric_representation_item may belong to two or mare
shape_representation instances, all constraints are specified by the relation between two pairs [of
shape_representation and geometricC_representation_item.
— All constraints in this schema are three-dimensional.

The geometric elements_that’may appear in constraint instances in this schema are all subtypes of
geometric_representation_item. The particular sets of valid subtypes of geometric_representatiof-
[em differ from oneconstraint type to another.

The provision' of the unary fixed_constituent_assembly_constraint (see clause 5.3.3) allows the
pdsition-and orientation of one constituent to be fixed, thus anchoring its owning assembly in space.

The fundamental concepts and assumptions stated in clause 5 of the explicit_constraint_schemaand in
clause 7 of the explicit_geometric_constraint_schema of ISO 10303-108 also apply in this schema.

All the constraints defined in this schema are of type defined_constraint as specified in clause 5 of ISO
10303-108. Their specification is descriptive rather than mathematical. As in clause 7 of ISO 10303-108,
dimensional constraints are defined as subtypes of logical constraints, the rationale being that the logical
relationship between geometric elements needs to be established before the semantics of certain types of
dimension become unambiguous.
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The three-dimensional constraints defined in this schema are appropriate for the later stages of design.
In early design, where the outlines of component parts may be depicted in a two-dimensional model, the
use of the sketch entity data type (as defined in clause 8 of 1ISO 10303-108) will be appropriate. If the
sketch is constrained, two dimensional instances of constraints from clause 7 of ISO 10303-108 shall be
used.

The current edition of this part of ISO 10303 treats nominal geometry and does not include tolerance
information. Tolerancing decisions can profoundly impact the quality and cost of electro-mechanical
aspemblies. Existing approaches to tolerance analysis and synthesis in design entail detailed knowledpe
offgeometry of the assemblies and are mostly applicable during advanced stages of design, leading tg a
legs than optimal design process. During the design process of assemblies, both the assembly structyre
associated tolerance information evolve continuously. Therefore, significant gains can-be achieved
byl effectively using this information to influence the design of assemblies and advance tolerancipg
isions to the earliest possible stages of design. This issue raises the need for effective representatipn

part as follows:
T4rget entities to be enhanced (with the additionof tolerance information) are those classified under
bipary_assembly_constraint. It is expeeted that parallel_assembly_constraint can be further
specialized by creating a new subtype toleranced_parallel_assembly_constraint and by adding a ngw
at{ribute for defining tolerance zone. It is expected that perpendicular_assembly_constraint apd
coaxial_assembly_constraint ¢ould also be specialized in this way. Similarly, surface_distancq_-
assembly_constraint_with:- dimension and angle_assembly_constraint may be specialized by
creating new subtype entities and additionally defining attributes for specifying dimensional toleranice
regpectively. Specialization of parallel_assembly_constraint_with_dimension will require creatipn

D

of|a new subtype‘entity where attributes for specifying both tolerance zone and dimensional tolerangce
arg defined. As-for coincidence_assembly_constraint and tangent_assembly_constraint, further
consideration’ is required since simple specialization as described above does not seem to apply.
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5.3 Assembly constraint entity definitions

5.3.1 Assembly geometric constraint

An assembly_geometric_constraint is the supertype of all geometric assembly constraints. It is a
subtype of explicit_constraint as defined in clause 5 of ISO 10303-108.

EXPRESS specification:

*)

ENTITY assembly geometric_constraint

ABSTRACT SUPERTYPE OF (ONEOF
(binary_assembly_constraint,
fixed_constituent_assembly constraint))

SUBTYPE OF (explicit_constraint);

END ENTITY;-- assembly geometric_constraint

(-.l

5.8.2 Binary assembly constraint

Albinary_assembly_constraint is the generic Supertype of all binary assembly constraints controllipg
the relationship between precisely two.constituents in an assembly. It is a common subtype [of
agsembly_geometric_constraint as-defined in this part of 1ISO 10303 and representation| -
refationship_with_transformation as defined in 1SO 10303-43. It specifies a binary relationsHip
between just two geometric™elements. Only directed cases are allowed. Any instance of gn
bipary_assembly_constraint is specified between exactly two pairs of shape_representation apd
geometric_representation_item to guarantee that it is a constraint between two different constituents.

=

EXPRESS specification:

*)
ENTATY binary_assembly constraint
ABSTRACT SUPERTYPE OF (ONEOF

(parallel_assembly constraint,
surface_distance_assembly constraint_with_dimension,
angle_assembly constraint_with_dimension,
perpendicular_assembly constraint,
incidence_assembly_constraint,
coaxial_assembly constraint,
tangent_assembly constraint))
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SUBTYPE OF (assembly geometric_constraint,
representation_relationship_with_transformation);

SELF\representation_relationship.rep_1:

representative_shape_ representation;

SELF\representation_relationship.rep_2:

representative_shape_ representation;

WHERE
WR1: (SELFR\explicit_constraint.constrained_elements[1]

WH

WH

WH

EN
(~A

Aftribute definitions:

\geometric_representation_item.dim = 3) AND
(SELR\explicit_constraint._reference_elements[1]
\geometric_representation_item.dim = 3);
2: (SELF\representation_relationship.rep_1 IN (using_representatrons
(SELR\representation_relationship_with_transformation.
transformation_operator\item_defined_transformation.transform_item_ 1)
+ using_representation_with_mapping
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.transform item 1)))
AND(SELF\representation_relationship.rep_2 AN (using_representations
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_transformation.transform_item 2) |+
using_representation_with_mapping
(SELR\representation_relationshipiwith_transformation.
transformation_operator\item_defined_transformation.transform_item_2)))
3: (SIZEOF(SELF\explicit_constraint.constrained_elements)=1) AND
(SI1ZEOF(SELF\explicit_constraint._.reference_elements)=1);
4: (SELF\representation_relationship_with_transformation.

transformation_operator\item_defined_ transformation.transform item 1 |=
SELF\explicit_constraint.reference_elements[1]) AND
(SELF\representation_relationship_with_transformation.
transformation_operator\item_defined_ transformation.transform item 2 |=
SELF\explTcit_constraint.constrained_elements[1]);
D ENTITYs=> binary_assembly constraint

SELF\representation_relationship.rep_1: An instance of representative_shape_representation
including the instance specified by SELF\explicit_constraint.constrained_elements.

SELF\representation_relationship.rep_2: An instance of representative_shape_representation
including the instance specified by SELF\explicit_constraint.reference_elements.

30
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Formal propositions:

WR1: The dimensionality of instances specified by constrained_elements and reference_elements
shall be 3.

WR2: This entity has the attribute transformation_operator that specifies item_defined_-
transformation that has two attributes transform_item_1 and transform_item_2. The transform_-
item_1 shall be used, directly or indirectly, by rep_1 and transform_item_2 shall be used, directly or
indlirectly, by rep_2 .

WR3: The number of elements in explicit_constraint.constrained_elements shall be one. The‘humber
offelements in explicit_constraint.reference_elements shall also be one.

WR4: SELF\representation_relationship_with_transformation.transformation_operator\item -
dgfined_transformation.transform_item_1 shall be equal to SELF\expligit_constraint.referencq -
elements, and SELF\representation_relationship_with_transformation.transformation| -
operator\item_defined_transformation.transform_item_2 shallybe equal to SELF\explicif -
constraint.constrained_elements.

5.8.3 Fixed constituent assembly constraint

Alfixed_constituent_assembly_constraint is a.common subtype of assembly_geometric_constraint
as|defined in this part of 1ISO 10303 and fixed_.element_geometric_constraint as defined in clause 7 of
IS0 10303. An instance of fixed_constituent_assembly_constraint constrains specified constitugnt
ingtance fixed in space.

NOTE This constraint asserts that-one constituent shape model instance has a fixed position and orientation wjth
regard to the context of the highest level constituent, namely assembly root, to anchor the assembly in spage.
Wijthout its use, assembly;-constraint equations may have infinitely many solutions due to the existence [of
t
the time of data transfer, the sending system constrained the specified constituent as fixed for solving assembily

=

gnslational and rotational degrees of freedom of the entire assembly. The implication of the constraint is thatf at

copstraint eqUations. The receiving system, after knowing this fact, may substitute the constituent to be fixed for
checking-various design alternatives.

An Instance of representative_shape_representation representing the product_definition ot the
constituent to be fixed shall be specified. A geometric_constraint_element instance inherited from
fixed_element_geometric_constraint, which corresponds to the geometric entity picked from a screen
by the user for identifying fixed constituent, shall be consistent with the representative_shape_-
representation specified. Namely, the geometric_constraint_element instance shall be included in
the representative_shape_representation instance. The geometric_constraint_element shall be
either a point or a curve or a surface. For details of its definition, see clause 7 of ISO 10303-108.

©ISO 2004-All rights reserved 31


https://standardsiso.com/api/?name=371402b2e87beeb02e0149e3f26f05e0

ISO 10303-109:2004(E)

EXPRESS specification:

*)
ENTITY fixed _constituent_assembly constraint
SUBTYPE OF (assembly_geometric_constraint,
fixed_element_geometric_constraint);
fixed_constituent: representative_shape representation;

WHERE

WR1: SELF\explicit_constraint.constrained_elements[1]

\geometric_representation_item.dim = 3;

WR2: (assembly_leaf (using_product_definition_of_shape_representation

(fixed_constituent)[1]));

WR3: (SIZEOF(SELF\explicit_constraint.constrained_elements)~=’1) AND

(SIZEOF(SELF\explicit_constraint.reference_elements) = 0);

WR4: Ffixed _constituent IN

(using_representations(SELF\explicit_constraint.constrained_elements[1]
\representation_item) + using_representation‘with_mapping

(SELR\explicit_constraint.constrained_elements[1]\representation_item));

END ENTITY;-- fixed constituent_assembly constraint

(*

Farmal propositions:

WR1: The dimensionality of an instanee specified by constrained_elements shall be 3.

WR2: The representative_shape. representation specified by the fixed_constituent attribute shall

represent a product_definition‘that is a leaf node in the assembly structure.

D

WR3: The numberof elements in explicit_constraint.constrained_elements shall be one and the
nymber of elementsiin explicit_constraint.reference_elements shall be zero.

WR4: Thevinstance of representation_item specified by the inherited attribute constrained| -
elements[1] shall be included, directly or indirectly with mapping, in the fixed_constituent.

5.3.4 Parallel assembly constraint

A parallel_assembly_constraint specifies that two linear_geometry_constraint_element instances,
each belonging to different constituents, are constrained to be parallel. The linear_geometry_-
constraint_element shall be either a line or a plane. For details of its definition, see clause 7 of ISO
10303-108.
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EXPRESS specification:

*)
ENTITY parallel_assembly constraint
SUBTYPE OF (binary_assembly constraint,
parallel _geometric_constraint);
END _ENTITY;-- parallel_assembly_ constraint

(*

5.8.5 Parallel assembly constraint with dimension

Alparallel_assembly_constraint_with_dimension is a subtype of the parallel_assembly constraint
that is used for constraining distances between two parallel linear_geometryconstraint_element
intances. The linear_geometry_constraint_element shall be either a line or aptane. For details of jts
definition, see clause 7 of 1ISO 10303-108.

The actual distance value is an attribute of the supertype pgc_with «dimension as defined in clause 7 [of
ISIO 10303-108. Distances between lines and planes are measured in the directions of their common

ndrmals.

EXPRESS specification:

*)

ENTITY parallel_assembly constraint _with_dimension

SUBTYPE OF (parallel_assembly constraint,
pgc_with_dimension);

END ENTITY;-- parallel—assembly_constraint_with_dimension

(-.l

5.8.6 Surface distance assembly constraint with dimension

A| surface distance_assembly_constraint_with_dimension constrains the minimum distangce
betweenttwo surfaces belonging to different constituents. The actual distance value is an attribute of the
supertype sdgc with dimension as defined in clause 7 of 1ISO 10303-108

—

The optional near_points attribute of the supertype sdgc_with_dimension as defined in clause 7 of
ISO 10303-108 may be used to provide approximate locations of the closest points on each surface in
cases where multiple solutions of this constraint may arise.

This constraint does not exclude the case when two surfaces specified are both planes. However, it is

appropriate to use parallel_assembly_constraint_with_dimension when two planes are parallel,
otherwise the constraint is meaningless.
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EXPRESS specification:

*)

ENTITY surface_distance_assembly constraint _with_dimension

SUBTYPE OF (binary_assembly constraint,
sdgc_with_dimension);

END_ENTITY;-- surface_distance_assembly_constraint_with_dimension

(

An angle_assembly_constraint_with_dimension specifies that an instance specified by constraing

_d
el
an
IS

ba
ba

E\

.B.7 Angle assembly constraint with dimension

bments. The two elements concerned shall belong to different constituents.The actual angle value
attribute of the supertype angle_geometric_constraint_with_dimension as defined in clause 7
D 10303-108.

both elements involved in the constraint are lines, then it iS\not necessary for them to be co-planar.
th elements are not in a plane then the angle is measured in a plane that is spanned by the normals

th elements.

KPRESS specification:

*)
EN

EN
(-.l

TITY angle_assembly_constraint_with_dimension
SUBTYPE OF (binary_assembly constraint,

agc_with dimension);
D _ENTITY;-- angle“assembly constraint_with_dimension

3.8 Perpendicular assembly constraint

A

lements is constrained to make a specified angle with a given instance specified by referencq

S
of

f

perpendicular assembly constraint specifies that two linear geometry constraint elem

t

instances belonging to different constituents be constrained to be mutually perpendicular. The linear_-
geometry_constraint_element shall be either a line or a plane. For details of its definition, see clause 7

of

1ISO 10303-108.

EXPRESS specification:

*)

ENTITY perpendicular_assembly constraint

34
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SUBTYPE OF (binary_assembly_constraint,
perpendicular_geometric_constraint);
END_ENTITY;-- perpendicular_assembly constraint

(*

5.3.9 Incidence assembly constraint

A inridpnrp_aqqpmhIy_mnq’rrainf qlnpr‘ifipq that two instances of gpnmptrir_mnqtrain’r_plpmp t

bdlonging to different constituents have the relationship that one of them, regarded as a pointcset;|is
entirely included in the other. There are two cases: that the instance specified by constrained celemerjts
is |entirely included in the instance specified by reference_elements or inversely, that-the instance
specified by reference_elements is entirely included in the instance specified py.constrained -
eléments. Complete coincidence of the two instances is a special case of inclusion.”The geometrid_-
constraint_element shall be either a point or a curve or a surface. For details oftits-definition, see clause
7 of 1SO 10303-108.

EXAMPLE If two unbounded lines are constrained to be incident, they must have the same or opposite directiofs,
f

anpl each line must include the defining point of the other. In this caseythe two point sets completely coincide,
ong of the lines is trimmed but the other is unbounded then the firstpoint set is a subset of the second.

EXPRESS specification:

*)

ENTITY incidence_assembly constraint

SUBTYPE OF (binary_assemblyiconstraint,
incidence_geaometric_constraint);

END ENTITY;-- incidencevassembly constraint

(-.l

NOTE In some cases-the use of a dimensional constraint with zero dimension value is more appropriate than the
uge of an incidence”assembly_constraint. The mating of planar surfaces of two parts in an assembly may pe
taken as an<example. Control of the distance between two parts in an assembly is a typical assembly design
refuirement and mating can be regarded as its special case, where the distance value is zero. Therefore, enginegrs
w|ll-prefer the use of parallel_assembly constraint_with_dimension rather than incidence_assembly -

constraint for representing the mate relation between two parts. The use of parallel_assembly constraint_-
with_dimension is advantageous in this case as it allows the imposition of an additional constraint on the relative
orientations of the planes concerned, that is the two normals of these planes should be opposite.

5.3.10 Coaxial assembly constraint

A coaxial_assembly_constraint specifies that the axes of two elements belonging to different
constituents are constrained to be identical. The constraint is valid for entities of axial_geometry_-
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nstraint_element type. The axial_geometry_constraint_element type includes points, lines, circles,
rfaces and solids having an axis of rotational symmetry. For details of its definition, see clause 7 of

ISO 10303-108.

EXPRESS specification:

*)

ENTITY coaxial_assembly_constraint

SUBRTYPE QF (hinary assembly constraint,

EN
(-,l

A
Co

E\

.B.11 Tangent assembly constraint

coaxial_geometric_constraint);
D _ENTITY;-- coaxial _assembly constraint

tangent_assembly_constraint specifies that two geometric elements’ belonging to differgnt
nstituents are constrained to be tangent to each other.

KPRESS specification:

*)
EN

EN
(~A

5.
Th

stucture of andnstance of assembly_component_usage as defined in 1ISO 10303-44.

£ Assembly constraint-function definitions

TITY tangent_assembly constraint

SUBTYPE OF (binary_assembly constraint,
tangent_geometric_censtraint);

D_ENTITY;-- tangent_assembly:constraint

1.1 Assembly leaf

is function detérmines whether or not an instance of product_definition is a leaf node in the trge

KPRESS specification:

*)
FUNCTION assembly leaf

(item: product_definition) : BOOLEAN;

LOCAL
local_relation: SET OF assembly_component_usage := [];
local_relation2: BAG OF assembly component_usage := [];
END_LOCAL;
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