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committees. Each member body interested in a subject for which a technical committee has been
| has the right to be represented on that committee. International organizations, governmental-and
mmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
hal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

hational Standards adopted by technical committees are circulated to the memberbodies for voting.
n as an International Standard requires approval by at least 75% of the mietber bodies casting a
nal Standard ISO 10303-47 was prepared by Technical Cominittee ISO/TC 184, Industrial

n systems and integration, Subcommittee SC 4, Industrial daia.

consists of the following parts under the general title Industrial automation systems and integration -
ita representation and exchange:

t 1, Overview and fundamental principles;

t 11, Description methods: The EXPRESS language reference manual;

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

t 21, Implementation methods: Clear text encoding of the exchange structure;

t 22, Implementation method: Standard data access interface specification;

t 23, Implementation method: C+ + language binding to the standard data access interface:

t 24, Implementation method: C language binding to the standard data access intertace;

— Part 26, Implementation method: Interface definition language binding to the standard data access;

— Part 31, Conformance testing methodology and framework: General concepts;

— Part 32, Conformance testing methodology and framework: Requirements on testing laboratories and
clients;

vi

© SO


https://standardsiso.com/api/?name=73188d0f27bdd5d5d8fd1f0115abd235

©1S0O ISO 10303-47:1997(E)

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

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

— Part 41, Integrated generic resources: Fundamentals of product description and support;
— Part 42, Integrated generic resources: Geometric and topological representation;
— Part 43, Integrated generic resources: Representation structures;

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

— Part 45, Integrated generic resource: Materials;

— Part 46, Integrated generic resources: Visual presentation;

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

— Part 49, Integrated generic resource=yProcess structure and properties;

— Part 101, Integrated application Tesource: Draughting;

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

— Part 105, Integfated application resource: Kinematics;

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

— Part)201, Application protocol: Explicit draughting;

>~ Part 202, Application protocol: Associative draughting;

— Part 203, Application protocol: Configuration controlled design;
— Part 204, Application protocol: Mechanical design using boundary representation;
— Part 205, Application protocol: Mechanical design using surface representation;

— Part 207, Application protocol: Sheet metal die planning and design;
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— Part 208, Application protocol:

— Part 209, Application protocol:

— Part 21

— Part 21

— Part 21

— Part 21

— Part 21

— Part 21

— Part 21

— Part 21

— Part 221, Application protocol:
— Part 22p, Application protocol:

— Part 223

parts;

— Part 2
features;

— Part 22

— Part 22

Life cycle management - Change process;

j), Application protocol:

2, Application protocol:
, Application protocol:
4, Application protocol:
b, Application protocol:
b, Application protocol:
/, Application protocol:

B, Application protocol:

5, Application protocol:

6. “Application protocol:

Composite and metallic structural analysis and related design;
Electronic assembly, interconnet, and packaging design;
Electrotechnical design and installation

Numerical control process plans for machined parts;

Core data for automotive mechanical design proeesses;

Ship arrangement;

Ship moulded forms;

Ship piping;

Ship structures;

Functional data and their schematic representation for process plant;

Exchange of' product data for composite structures;

, Application protocol: Exchange of design and manufacturing product information for casting

P4, Application protocol: Mechanical product definition for process plans using machining

Building elements using explicit shape representation;

Ship mechanical systems:

— Part 227, Application protocol: Plant spatial configuration;

— Part 229, Application protocol: Exchange of design and manufacturing product information for forged

parts;

viii
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— Part 230, Application protocol: Building structural frame: Steelwork;

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

major equipment;

— Part 232, Application protocol: Technical data packaging core information and exchange;

— Part 301, Abstract test suite:
— Part 302, Abstract test suite:
— Part 303, Abstract test suite:
— Part 304, Abstract test suite:
— Part 305, Abstract test suite:
— Part 307, Abstract test suite:
— Part 308, Abstract test suite:
— Part 309, Abstract test suite;
— Part 310, Abstract testssuite:
— Part 312, Abstract test suite:
— Part 313,~Abstract test suite:

— Patt,314, Abstract test suite:

— Part 315, Abstract test suite:

Explicit draughting;

Associative draughting;

Configuration controlled design;

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

Life cycle management - Change process;
Composite and metallic structural analysis and related design;
Electronic assembly, interconnect, and packaging design;
Electrotechnical design and installation;

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

Ship arrangement;

— Part 316, Abstract test suite:

— Part 317, Abstract test suite:

— Part 318, Abstract test suite:

— Part 321, Abstract test suite:

Ship moulded forms;
Ship piping;

Ship structures;

Functional data and their schematic representation for process plant;
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— Part 323, Abstract test suite: Exchange of design and manufacturing product information for casting

parts;

— Part 32

— Part 32
parts;

— Part 33

— Part 373

7, Abstract test suite:

D, Abstract test suite:

D, Abstract test suite:

1, Abstract test suite

major equjpment;

— Part 33

— Part 50

— Part 50

— Part 50

— Part 50

D, Abstract test suite:

24, Abstract test suite: Mechanical product definition for process plans using machining features;

Plant spatial configuration;

Exchange of design and manufacturing preduct information for forged

Building structural frame: Steelwork;

: Process engineering data“Process design and process specitication of

Technical data packaging core information and exchange;

1, Application interpreted construct: Edge-based wiretframe;
2, Application interpreted construct: Shell-based wireframe;
3, Application ifiterpreted construct: Geometrically bounded 2D wireframe;

4, Application interpreted construct: Draughting annotation;

— Part 505-Application interpreted construct: Drawing structure and administration;

— Part 506, Application interpreted construct: Draughting elements;

— Part 507, Application interpreted construct: Geometrically bounded surface;

— Part 508, Application interpreted construct: Non-manifold surface;
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Manifold surface;

Geometrically bounded wireframe;

— Part 511, Application interpreted construct:
— Part 512, Application interpreted construct:
— Part 513, Application interpreted construct:
— Part 514, Application interpreted construct:
— Part 515, Application interpreted construct:
— Part 517, Application interpreted construct:

— Part 518, Application interpreted construct:

International Standard reflects its structure;

— Parts 11 to 12 specify the description methods,

— Parts 21 to 26 specify.the implementation methods,

— Parts 31 to 35 specity the conformance testing methodology and framework,
— Parts 41ct0 49 specify the integrated generic resources,

— Parts'101 to 106 specify the integrated application resources,

~— Parts 201 to 232 specify the application protocols,

Topologically bounded surface;

Faceted boundary representation;
Elementary boundary representation;
Advanced boundary@epresentation;
Constructive solid geometry;

Mechanical design geometric presentation;

Mechanical design shaded representation.

The structure of this International Standard is,described in ISO 10303-1. The numbering of the phrts of the

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

— Parts 501 to 518 specify the application interpreted constructs.

Annexes A and B form an integral part of this part of ISO 10303. Annexes C, D, and E are for information only.

Xi
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Introduction

ISO 10303 §s an International Standard for the computer-interpretable representation and exchange of produst
data. The objective is to provide a neutral mechanism capable of describing product data throughout the Tife
cycle of a pfoduct, independent from any particular system. The nature of this description makes it suitable
not only fof neutral file exchange, but also as a basis for implementing and sharing product data/bases and

archiving.

This Interrfational Standard is organized as a series of parts, each published sepdrately. The parts of
ISO 10307 fall into one of the following series: description methods, integrated-tesources, application
interpreted fonstructs, application protocols, abstract test suites, implementation(imethods, and conformance
testing. The series are described in ISO 10303-1. This part of ISO 10303,is a member of the integrated

resources

series. Major subdivisions of this part of ISO 10303 are:

— shdpe aspect definition, provides resources for the representations of shapes to which dimensions and
tolerapces are applied;

— shgpe dimension, provides resources for the representations of size and relative location to meet the

dime

Bsioning requirements found in engineering-design;

— shhpe tolerance, provides resources fof the representations of limits within which manufactured
shapes are permitted to vary.

This part

f ISO 10303 supports_alt-of the dimensioning and tolerancing methods as defined by existing

International Standards on technieal drawings. These methods include explicit dimensioning, associative
dimension{ng, plus-minus tolerancing, and geometrical tolerancing.

Xii

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

Part 47:
Integrated generic resource: Shape variation tolerances

1 Scope

This part of ISO 10303 specifies the resource constructs for representing dimensions.And tolerances of product
shapes. The dimensions specify the sizes of a shape and locations of identifiable portions of a shape. The
specify the allowable deviation of a product from its defined/shape and dimensions. The
ons of dimensions and tolerances provided by this part of ISQ 10303 are appropriate for use with

tolerances
representat

14

both 2D afjd 3D geometric models of parts.

The follow

—to

ing are within the scope of this part of ISO 10303:

erances as constraints on the shape characteristics of a product;

— the specification of the tolerances on a defined shape;

— the

— the

— th¢

—th¢

— th¢

representation of geometrical tolerances and plus-minus tolerances;
representation of tolerar(ce values;

representation of-dimensions;

assignment of Size characteristics to a shape;

assignment of location and orientation characteristics to a shape;

—th

— the identification of derived shape elements such as centre lines and intersections;

- el AR DS VI | rid
SPLUTITCATOI UT U WU dITU U dUUIIT TCITCTCIICTS,

— the structure for limit and fit systems for shapes.
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The following are outside the scope of this part of ISO 10303:

— the definition of the fundamental principles, concepts and terminology of tolerancing and

dimensioning;

— the mathematical definition of tolerances and datums;

— the description of dimensioning or tolerancing practices;

—th
—th
—th
—th

—th

2 Nornm

The follow
part of ISC
revision, ¢
possibility
maintain r

ISO 129:14
special ing

ISO 286-1

ISO 286-2
deviations

ISO 406:1

e specification of dimensional inspection methods;

e synthesis and analysis of tolerances;

e tolerancing of product characteristics other than shape;
e presentation of tolerances on engineering drawings;

e specification of surface finish or surface roughness.

jative references

Ing standards contain provisions which, through reference in this text, constitute provisions of this

10303. At the time of publication, the editions\ndicated were valid. All standards are subject to
Ind parties to agreements based on this papt of ISO 10303 are encouraged to investigate the
~of applying the most recent editions of-the standards listed below. Members of IEC and ISO
pgisters of currently valid Internatignal* Standards.

85, Technical drawings - Dimelisioning - General principles, definitions, methods of execution and
ications.

1988, ISO system.of timits and fits - Part 1: Bases of tolerances, deviations and fits.

11988, 1SO.system of limits and fits - Part 2: Tables of standard tolerance grades and limit
for holesand shafts.

V87, Technical drawings - Tolerancing of linear and angular dimensions.

© SO
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ISO 1101:1983, Technical drawings - Geometric tolerancing - Tolerancing of form, orientation, location and

run-out - Generalities, definitions, symbols, indications on drawings.

ISO 2692:1988, Technical drawings - Geometrical tolerancing - Maximum material principle.

ISO 5458:1987, Technical drawings - Geometrical tolerancing - Positional tolerancing.

ISO 5459:1981, Technical drawings - Geometrical tolerancing - Datums and datum-systems for

geometrical tolerances.

ISO/IEC 8824-1:1995, Information technology - Abstract Syntax Notation One (ASN.1): Speci
basic notation.

ISO 10303-1:1994, Industrial automation systems and integration - Product datg»represent
exchange - Part 1: Overview and fundamental principles.

ISO 10303-11:1994, Industrial automation systems and integration - Product data represent
exchange - Part 11: Description methods: The EXPRESS language reférence manual.

ISO 10303-41:1994, Industrial automation systems and integtation - Product data represen
exchange - Part 41: Integrated generic resources: Fundamentals of product description and sup

ISO 10303-42:1994, Industrial automation systems and”’integration - Product data represen
exchange - Part 42: Integrated generic resource: Géometric and topological representation.

ISO 10303-43:1994, Industrial automation $ystems and integration - Product data represen
exchange - Part 43: Integrated generic resources: Representation structures.

ISO 10578:1992, Technical drawipgs>- Tolerancing of orientation and location - Projected toler

3 Definitions

3.1 Termsddefined in ISO 129
This part.of ISO 10303 makes use of the following terms defined in ISO 129:

— dimension;

(ication of

ation and

ation and

ation and

port.

ation and

ation and

Hnce zone.
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— dimensioning;
— feature.
3.2 Terms defined in ISO 286-1

This part of ISO 10303 makes use of the following terms defined in ISO 286-1:

— fit gysten,;

— holg;

— limjt system;

— shaft;

— standard tolerance;

— tolgrance class.
3.3 Terms defined in ISO 1101
This part of ISO 10303 makes use of the following terms defined.in ISO 1101:

— axip;

— gegmetrical tolerance;

— median plane;

— prajected tolerance zone;

— runout tolerance;

— sylnmetry;

— tolerance;

© SO
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— tolerance zone;
— total runout tolerance.
3.4 Terms defined in ISO 2692

This part of ISO 10303 makes use of the following terms defined in ISO 2692:

— Ieast material condition;

— maximum material condition.

3.5 Terms defined in ISO 5459

This part of ISO 10303 makes use of the following terms defined in ISO 5459:
— datum;

— datum feature;

— datum system;

— datum target.

3.6 Terms defined in ISO 10578

This part of ISO 10303 makes use of.the/following term defined in ISO 10578:
— projected tolerance zong:

3.7 Terms defined in ISO 10303-1

This part of ISO_ 10303 makes use of the following terms defined in ISO 10303-1:
— application context;

—¥ application protocol;

— product;
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— resource construct;
— Structure.

3.8 Other definitions

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

3.8.1 boundaryv—the-surfaces-that-surround-and-enclose-the-physical mass-of the product shape
J.0. GHY-—He-SudceStHiatSy ot Se—HEePHYS P SHdPe-

3.8.2 form tolerance: geometric tolerance applied to a feature or single feature element that requires no.datum
reference

3.8.3 pr¢file tolerance: geometric tolerance applied to a uniform boundary along the trye_profile within
which the| elements of the surface must lie.

3.8.4 plus-minus tolerance: a tolerance that is defined by two values that reptesent the minimum and
maximun] limits of a range within which the toleranced dimension may deviate,

3.8.5 tol¢ranced feature: an identitiable portion of the product shape{to which one or more tolerances are
applied.

4 Shape aspect definition

The following EXPRESS declaration begins the shape_aspect_definition_schema and identifies the necessary
external r¢ferences.

EXPRESS specification:

*)
SCHEMA |shape_aspect_definition_schema;
REFERENCE FROM product_property_definition_schema

(shlape_aspect,

shiape, @spect_relationship) ;

REFERENCE FROM measure_schema

(measure_with_unit) ;
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REFERENCE FROM support_resource_schema
(bag_to_set, label, identifier);
(*

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

product_property_definition_schema 1SO 10303-41
measure_schema ISO 10303-41
support_resource_schema ISO 10303-41

4.1 Introduction

The subject of the shape_aspect_definition_schema is to provide definitions of the spatial charadteristics of
a shape that are required for dimensioning and tolerancing. This schema provides repfesentations for ¢ derived_
shape_aspect and a datum. A derived_shape_aspect is a shape_aspect that'i§ developed from the defined
shape of the product, but that is not required for defining the product shape-A datum is a shape_ aspect that
provide the origin from where dimensions and tolerances are referenced. A.devived_shape_aspect andl a datum
are aspects of the shape that are required for dimensioning and toleranciilg the size, the location, the ¢rientation,
and the form of a product shape.

4.2 Fundamental concepts and assumptions

The product shape is the concept of shape as a property that characterizes a product. Geometric odels and
engineering drawings are formal methods used to-epresent the product shape. Dimensions and tol¢grances are
elements of the product shape definition which.are independent from how the shape is represented. Jimensions
may be explicitly identified as part of the«$hape characteristics, implicitly included in a geometric model that
represents the shape, or explicitly presented in a two-dimensional drawing.

A shape_aspect is an element of.a product shape. Dimensions may be specified for both the entire progduct shape
and aspects of the shape. This'Schema augments the shape_aspects and the relationships among them as the
definitional mechanism fop specifying dimensions and tolerances. A shape_aspect, relationshifls between
shape_aspect elements,/and their specified dimensions and tolerances are always defined in the corjtext of the
product shape property. These dimensions and tolerances can be represented as elements of geomefric models
or engineering. drawings.

For the purpose of identifying dimensions and tolerances, this schema specifies the concept of a derivied shape_
aspect:~A derived shape_aspect is a shape_aspect that is defined based on the specific way in whidh it relates
to-another shape aspect. The derived shape_aspect is used in conjunction with their related shape_ aspect
elements to specity dimensions and tolerances. The specific geometry that can represent the derived shape_-
aspect and a shape_aspect that provide the definitional relationship are not in the scope of this schema. The
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geometry, the representation structure, and their association to the dimension and tolerance elements specified
in this part are defined in ISO 10303-41, ISO 10303-42, and ISO 10303-43. Only the generic concept of derived
shape_aspect is specified here. Application protocols may specify additional derived shape_aspect clements
from those provided.

NOTE

- Legal values that are computer sensible for attributes of entities in this schema may be specified in application

protocols.

4.3 shapge_aspect_delinition_schema type definition: fimit_conditiom ]

A limit_co
allows for th
applies only

EXAM

fimit_
EXPRE

*

=
7

t

)
YPE
(maximn

least

regar]

END_TYPE);

’

(*

Enumerated item definitions:

maximum_|

NOTH
of this

least_mate

[PLE | - The diameter of a hole or of a shaft or the width of a slot are size characteristics which may have a

tondition applied.
specification:

1imf
um_material_condition,

dless_of_feature_size);

material_condition: the staté-of a feature when it contains its maximum material with respect to its
specified lirpit of size. Maximum material condition is defined in clause 3.3 of ISO 2692. The methods described
in ISO 2692

feature of&ize, e.g., the smallest diameter of a hole.

rial>condition: the state of a feature when it contains its least material with respect to its specified

limit of si

dition type indicates that a tolerance may have a material modifier condition applied. This modifier
e addition of material to, or for the reduction of material from a feature. The use of limit_gondition
to toleranced features and datum features that have size characteristics.

material_condition,

for applying maxinid@m_material_condition to datums and toleranced features shall be followed.

1 - For a shape/aspect which is void of material, the maximum_material_condition is the smallest measure

= Least—material-condition ig defined in clause 3 5 of 1ISO 2692 The _methods described in

amendment 1 of ISO 2692 for applying least_material_condition to datums and toleranced features shall be

followed.

®

(@)
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NOTE 2 - For a shape_aspect which is void of material, the least_material_condition is the largest measure of this

feature of size, e.g., the largest diameter of a hole.

regardless_of_feature_size: the state of a feature when the specified tolerance or datum reference applies to any
increment of size within the specified limits of the feature.

NOTES

3 - Unlike maximum_material_condition and least_material_condition, regardless_ol_Ieature gize is not
dependent on the quantity of material the feature of size contains. regardless_of_feature_size means that when
geometric tolerance is specified for a feature of size, the specitied tolerance is independent of size Changes in that
feature of size. It does not matter if the feature of size is at its upper tolerance measure, at its lower tolerancg measure

or any measure between, the specified tolerance or datum reference applies.

4 - The principle of regardless_of_feature_size is explained in clause 2.8.1, 4.4.3)5:3.1, and 5.3.4 of ANSI Y14.5
[1].

D

1.4 shape_aspect_definition_schema entity definitions: datum

N

}.4.1 datum

A datum is a shape_aspect from which dimensions and tolerances are referenced. This shape_aspect|may, but
1leed not, coincide with the boundary defining the product. A datum is established by a datum featurg, a set of
datum targets, or a group of features.

NOTE - The use and application of a group 0f features to establish a datum is identified in clause 9 of ISO p459. The
group of features is established thropghvthe use of shape_aspect_relationship objects. The concept of p group of

shape_aspect clements is defineduin'4.5.1.
EXPRESS specification:

)
ENTITY datum
SUBTYPE OEV(shape_aspect) ;
identif¥cation :identifier;
[ NVERSE
eétablished_by relationships : SET [1:?] OF shape_aspect_relationship
FOR related_shape_aspect;

WHERE
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WR1: SIZEOF (QUERY (X<*SELF.established_by_relationships |
SIZEOF (TYPEOF (X.relating_shape_aspect)*
[*SHAPE_ASPECT_DEFINITION_SCHEMA.DATUM_FEATURE',

' SHAPE_ASPECT_DEFINITION_SCHEMA.DATUM_TARGET']) <> 1))=0;
END_ENTITY;
(*
Attribute defmtions:

identification: the name by which the datum is referred.

establishe
aspect th

Formal pr

d_by_relationships: the datum_feature, the set of datum_targets, or the group of desived shape_
it establish the datum.

OpOsitions:

WR1: A datum shall be established by either datum_features or datum_targéts.

4.4.2 datum_feature

The datun
used to es

*)

ENTITY
SUBTY]

INVERSE

featuy

WHERE
WR1:

WR2:

h_feature is an identified shape_aspect on the boundary ©f the product. One datum_feature may be
fablish a single datum.

datum_feature

PE OF (shape_aspect);

re_basis_relationship .:\\shape_aspect_relationship

FOR relating_shape_aspect;

SIZEOF (QUERY (Gar<* bag_to_set (USEDIN (SELF,
PRODUCT_PROPERTY_DEFINITION_SCHEMA.SHAPE_ASPECT_RELATIONSHIP.' +
'RELATINGOSHAPE_ASPECT'))

NOT ('SHAPE_ASPECT_DEFINITION_SCHEMA.DATUM' IN TYPEOF

sar . redated_shape_aspect))))=0;

SELEF Yproduct_definitional = TRUE;

END_ENT

I TY;

(*

10

© 150
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Attribute definitions:

SELF\shape_aspect.product_definitional: an indicator that the datum_feature is on the physical boundary
of the shape that defines the product.

feature_basis_relationship: the relationship to the datum that the datum_feature defines; it is achieved
through the shape_aspect_relationship.

Formal propositions:
WR1: A datum_feature shall be related to a datum.
WR2: A datum_feature shall lie on the physical boundary of the shape that defines the product

EXAMPLE 2 - Figure 1 illustrates two cases of datum_feature. The datum_feature that is a cylindIcal feature
establishes the datum identified as A. This datum is the axis of the ¢ylinder. The datum identiffied as B is
established from the datum_feature that is a planar surface of the préduct. This datum may, but ne¢d not, be a

plane that is coincident with the datum_feature.

ISO 5459 presentation form

l /
datum_feature  -'A’ : B

(cylinder)

datum_feature -'B’ /

(face) v :

datum -B'

Figure 1 - Examples of datum and datum_feature

11
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4.4.3 datum_target

The datum_target is a shape_aspect that indicates a datum target on the boundary of a product shape. The
shape_aspect may be a point, line, or an area. The datum_target is defined in addition to the shape_aspect

elements that define the product shape.

NOTE - The use and application of datum targets is described in clause 7 of ISO 5459.

EXPRESS $pecification:

*)
ENTITY dptum_target
SUBTYPE OF (shape_aspect);

T,

target] id : identifier;
INVERSE
target| basis_relationship : shape_aspect_relationship FOR

relating_ shape_aspect;
WHERE
WR1: [SIZEOF (QUERY (sar<* bag_to_set (USEDIN (SELF,

'PRODUCT_PROPERTY_DEFINITION_SCHEMA.SHAPE_ASPECT_RELATIONSHIP.

'RELATING_SHAPE_ASPECT'))
| [NOT ('SHAPE_ASPECT_DEFINITION_SCHEMA.DATUM' IN TYPEOF

(dar.related_shape_aspect))))=0;
WR2: |SELF.product_definitional = TRUE;
END_ENTITY;
( *
Attribute definitions:

target_id:|the name by which the identification of the datum target number is referred.

target_badis_relationship: the tetationship to the datum that the datum_target defines; it is achieved through

the shape_Jaspect_relationship.

Formal propositions:

WRI1: A Tatum_target shall be related to a datum.

WR2: A datum_target lies on the physical boundary of the shape that defines the product.

12
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4.4.4 datum_reference

A datum_reference is the specification of the use of a datum.

1997(E)

EXAMPLE 3 - A datum may be used in the definition of multiple datum systems. Each use of the datum would

be a datum reference. Datum system concepts are described in 6.2 and clause 8 of 1SO 5459.

EXPRESS specification:

1)

HNTITY datum_reference;

precedence : INTEGER;

referenced_datum : datum;
WHERE

WR1: precedence > 0;
END_ENTITY;

*
Attribute definitions:

precedence: the priority that is assigned to a datum for a spegific use.

NOTE - A datum may have multiple and distinct usés.and have different precedence for each use.
referenced_datum: the datum that participatesiin a geometrical tolerance of a product feature.
Formal propositions:

WR1: The value of precedencetshall be greater than zero.

1.4.5 referenced_modified_datum

A referenced_modified_datum is a datum_reference where the referenced datum may vary within the
imits of size.

NQTES

| - A datum may be modified if the datum_feature that produced it is a product feature whic

specified

h has size

characteristics.

13
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EXPRE cification

*)

ENTITY referenced_modified_datum
SUBTYPE OF (datum_reference);

modifier : limit_condition;

END_ENTF

(*

Attribute

modifier:

'y ?
Ll

efinitions:

the limit_condition that is assigned to the datum for a specific use of that datumc

4.5 shape_aspect_definition_schema entity definitions: derived shapes

4.5.1 composite_shape_aspect

A compo
purpose.

EXPRESSY

*)

ENTITY
SUBTY

INVERSE

compo

END_ENT

(*

Site_shape_aspect is a shape_aspect that associates aspect$0f the product shape for a specific
specification:

fomposite_shape_aspect

PE OF (shape_aspect);

hent_relationships : SETR [2:?] OF shape_aspect_relationship

FOR relating_shape_aspect;
[TY ;

Attribute definitions:

compone
relating_d
set.

ht_relationships: the set of member shape_aspects that form the composite_shape_aspect. The
hape \aspect is the composite_shape_aspect, and the related_shape_aspects are members of the

14
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EXAMPLES
4 - A set of datum_target_features are related together to establish a datum.

5 - Figure 2 illustrates two instances of composite_shape_aspect. First, the composite_shape_aspect that contains
cylindrical face components may represent a pattern of holes in which a pattern controlling positional geometric
tolerance may be applied. The bolt hole pattern is the composite_shape_aspect. Second, the composite_shape_-
aspect that contains connected face components may represent a profile group feature to which a single surface profile

geometric tolerance may be apphed.

A group of three cylinders that together form a
composite_shape_aspect

A group of faces (two planar and one cylindrical)
that together form a
composite_shape_aspect

o

IR
4 ! c

I

- D S

N

/

/
/
/

p

Figure 2 - Composite_shape_aspect

4.5.2 derived_shape_aspect

A dérived_shape_aspect is a shape_aspect that depends on the definition of one or more specific shhpes. The

existence of the derived_shape_aspect depends on and relates to other shape_aspects.

15
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NOTE - A derived_shape_aspect may not be on the physical boundary of the product. Its intended purpose is to relate
product dimensions and tolerances with‘the shape_aspects or features of the part.

EXAMPLE 6 - Consider the shape_aspect of a cylindrical hole. It is symmetric about an axis, and this axis exists only
when the hole exists. The axis is a derived_shape_aspect.

EXPRESS specification:

*)
ENTITY dlerived_shape_aspect
SUPERTYPE OF (ONEOF (apex,

centre_of_ symmetry,
geometric_alignment,
geometric_intersection,
parallel_offset,
perpendicular_to,
extension,
tangent))
SUBTYPE OF (shape_aspect);
INVERSE
deriving relationships : SET [1:?] OF shape_aspect_deriving relationship
FOR relating shape_aspecCt;
END_ENTEITY;

(*

Attribute dlefinitions:

deriving_relationships: the identification of shape_aspect_deriving_relationships that define the derived_-
shape_aspect.

4.5.3 apex

An apex [is a derived_shape\aspect that defines the point corresponding to the common apex (the location
where a plhne and conical elément intersect at a single point) of one or more conical shape_aspect elements. The
common iftersection of three or more planes or two curves shall be treated as a geometric_intersection rather
than as an apex.

16
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ENTITY apex
SUBTYPE OF (derived_shape_aspect);
END_ENTITY;

(*

Attribute definitions:

ELF\derived_shape_aspect.deriving_relationships: the shape_aspect_deriving_relationships which define
e frustum from which the apex is derived. The relating_shape_aspect is the apex. The related)| shape_-
spects are shape_aspects of the conical surfaces of frustums from which the apex is derived.

4.5.4 centre_of_symmetry

A centre_of symmetry is a derived_shape_aspect that defines the geometric centre of symmetry|of one or
more symmetric_shape_aspects.

EXAMPLE 7 - Types of geometric representation for a centre_of )$ymmetry may be an axis for a feature, ja center of
a sphere, or a plane. In (a) of figure 3, the centre plane is thecentre_of_symmetry for the two paralle] opposing
planes. In (b) of figure 3, the axis of a cylinder is the centre~of_symmetry for both cylinders.

EXPRESS Specification:

)

ENTITY centre_of_symmetry

SUBTYPE OF (derived_shape aspect);

WHERE

WR1: SIZEOF AQUERY (sadr<*deriving_relationships|

NOT ( ' SHAPE (ASPECT_DEFINITION_SCHEMA.SYMMETRIC_SHAPE_ASPECT'
IN TYPEQE
(sadr.welated_shape_aspect))))=0;

FEND_ENTITY,

(*

Formabproposition:

RT: A centre_of_symmetry shall have at'least one symmetric_shape_aspect.

17
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centre_of_symmetry
given as the
(a) relating_shape_aspect (b)

4.5.5 ge

A geometr]
more featu

EXPRE

*)
ENTITY d

SUBTYH
WHERE

symmetric_shape_aspect
given as the
related_shape_aspect

Figure 3 - Symmetry_shape_aspect and centre_of_symmetry

ometric_alignment

c_alignment is a derived_shape_aspect that defines a planar or linear feature that requires two or
res lying in the same planeor along the same line.

specification:

eometrie” alignment

E QF\((derived_shape_aspect) ;

WR1: SIZEOF (SELF\derived_shape_aspect.deriving relationships)> 1;

18
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END_ENTITY;

(*
Attribute definitions:

SELF\derived_shape_aspect.deriving_relationships: the shape_aspect_deriving_relationship that
associates the linear or planar derived_shape_aspect that contains two or more aligned shape_aspect elements.
The relating_shape_aspect is the geometric_alignment. The related_shape_aspects are the aligned shape_-
aspect el¢ments.

Formg sitions:
WR1: There shall be two or more elements in the set of deriving_relationships.

EXAMPLE 8 - Figure 4 illustrates an axis of a cylinder as a linear feature and the face of a cuteuif as a planar feature
Whef two or more aligned parallel axes are used for the purpose of dimensioning, a plane-may be established to which
a dinjiension is attached, as shown in figure 4.

4.5.6 geometric_intersection

A geomefric_intersection is a derived_shape_aspect that is the common intersection of two or more shape |
aspect el¢gments.

NOTE - Since a geometric_intersection is a derived shape;.thie use of intersection here is independent of any specifig
reprdsentation.

EXAMPLE 9 - A geometric_intersection\is €stablished by the intersection of two planar extensions from the
adjagent sides of the block. This geometric_intersection may be used as the participating shape_aspect i1
dimgnsioning the location of the right@r\bottom planar surfaces as shown in figure 5.

EXPRESP Specification:
*)
ENTITY |geometricfintersection
SUBTYPE OF (derived_shape_aspect);
WHERE

WR1: |SIZEOF (SELF\derived_shape_aspect.deriving_relationships)> 1;
END_ENTITY ;

(*

19
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20

shape_aspect
given as aligned objects

(related_shape_aspect)
linear feature ‘

planar feature

geometric_alignment
given as an aligning plane
(relating_shape_dspect)

Figure 4 - Geometric_alignment

Attribute definitions:

SEEF\derived_shape_aspect.deriving_relationships: the shape_aspect_deriving_relationship that define
he Common intersection among intersecting shape  aspect elementsThe relating _aspéct is the

geometric_intersection. The related_shape_aspects are the basis of the common intersection.
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. geometric_intersection
extension (relating_shape_aspect)
1

(related_shape_aspect 2)

/ Vi N B

Figure 5 - Geometric_intersection

Kormal propositions:

WR1: There shall be two or more members in the set of deriving_relationships.

P1: The shape_aspects-that participate as relating_shape_aspects shall intersect.

5.7 parallel-offset

\

extension

(related_shape_aspect 1)

parallel-offset is a derived_shape_aspect that is located at a constant distance from a related |shape_-
spect. <Ithe basis is two dimensional, then all associated shape_aspect elements (the parallel offsgt and the

asis shape aspect) lie in some common plane. If the basis is a surface, then all shape_aspect ele

mbedded in three-dimensional space.

Tlents are

21
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NOTE - The basis shape aspect of a surface divides the space in which it is embedded into two half-spaces.

The parallel_offset is formed by the offset of each point of the basis, in a direction perpendicular to the basis
by the offset distance (See figure 6).

EXAMPLE 10 - Figure 6 is a partial view of a part; not all details are shown. The shape_aspect is the basis related_-
shape_aspect for the parallel_offset. The offset is the distance the parallel_offset is positioned from its basis.

offset

basis* shape_aspect

arallel_offset X
P - given as the related_shape_aspect

given af the related_shape_aspect

Figure-6 - Parallel_offset

EXPRESS Specification:

*)
ENTITY parallel offset
SUBTYPE OF (derived_shape_aspect);

of fseft : measure_with_unit;
WHERE

WR1: TZEEOF—SEEF deLived_bhdpe_dbpecc.aeerlng_relatlonsnlps)= T,
END_ENTITY;

22
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END_ENTITY;

(*

Attribute definitions:

offset: the distance between the parallel_offset and the shape_aspect to which the parallel_offset is parallel.

SELF\derived_shape_aspect.deriving_relationships: a shape_aspect_relationship that associates the

phape_aspect which is parallel (0 another shape_aspect. The parallel_offset has one deriving_rela
The relating_shape_aspect is the parallel_offset. The related_shape_aspect is the basis from
parallel_offset is defined.

Formal propositions:
WR1: There shall be one member in the set of deriving_relationships.

4.5.8 perpendicular_to

NOTE - The perpendicular_to need not intersect the shape) aspect from which it is established.

EXPRESS specification:

* )

FENTITY perpendicular_to

SUBTYPE OF (derived_shapeiaspect);

WHERE

WR1: SIZEOF (SELF\deriwved_shape_aspect.deriving_relationships)= 1;
END_ENTITY;

(*

Attribute definitions:

SELF\derived_shape_aspect.deriving_relationships: a shape_aspect_relationship that asso(
shape .aspect which is perpendicular to another shape_aspect. The relating_shape_aspe
perpendicular_to. The related_shape_aspect is the shape_aspect from which the perpendicu

ionships.
which the

A perpendicular_to is a derived_shape_aspect that is oriented orthogonally to another shape_aspect.

iates the
't is the
lar_to is

Herived.

23
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Formal propositions:
WR1: There shall be one member in the set of deriving_relationships.
4.5.9 extension

astorad clhama agoman ¢ thid e e

A acdaeac®o ol L A 3 L N o) A ~ PP £ . J
An extension is a derived_shape_aspect that corresponds to the cxtension of a curve or surface shape_aspect

element.

EXAMPLE 11 - Consider the rounded edge of a block as shown in figure 5. To define the square corner at this edge,
the two adjacent faces are extended until they intersect. Each of these is an extension.

WR1: $IZEOF (SELF\derived_shape_aspect.deriving_reldtionships)= 1;
END_ENTITY;

(*
Attribute definitions:
SELF\derlived_shape_aspect.deriving_relationships: @ shape_aspect_relationship that associates the

shape_asplect which is extended from other shape_aspects. The relating_shape_aspect is the extension. The
related_shape_aspect is the basis for the extension.

Formal propositions:
WR1: Thgre shall be one member-in the set of deriving_relationships.

4.5.10 tangent
A tangent is a derived_shape_aspect that contacts a curve or surface shape_aspect at a single point or line.

EXPRESS spécification:

*)

ENTITY tangent

24
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SUBTYPE OF (derived_shape_aspect);
WHERE

WR1: SIZEOF (SELF\derived_shape_aspect.deriving_relationships)= 1;
END_ENTITY;
(*

Attribute definitions:

SELF\derived_shape_aspect.deriving_relationships: a shape_aspect_tetationstiptrat—assocjates the

- =

plated_shape_aspect is the shape_aspect that the tangent touches.

]

rmal propositions:

WR1: There shall be one member in the set of deriving_relationships.

L

.5.11 shape_aspect_deriving_relationship

dssociation between a derived_shape_aspect and one or more Shape_aspects.

shape_aspects that are the basis for the derived_shape_aspect.

ENTITY shape aspect_deriving_relationship
SUBTYPE OF (shapé:aspect_relationship);
WHERE

(SELF\SHAPE_ASPBCT_RELATIONSHIP.RELATING_SHAPE_ASPECT);
END_ENTELRY;

Formal propositions:

S iving relationship shall be a derived_sha

hape_aspect which is tangent to other shape_aspect. The relating shape_aspect is the tangpnt. The

A shape_aspect_deriving_relationship is another shape_aspeéct: relationship that defines thel specific

NOTE - The relating_shape_aspect is the derived_shape_aspect. The related_shape_aspects are [the other

WR1: 'SHAPF\ASPECT_DEFINITION_SCHEMA.DERIVED_SHAPE_ASPECT' IN TYPEOF

25
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4.5.12 symmetric_shape_aspect

A symmetric_shape_aspect is a shape_aspect of a product that is symmetrical about a geometric element. It
may also be a shape_aspect defined by a group of identified shape_aspects of a product that together have the
property of symmetry.

EXPRESS

*)

ENTITY

INVERSE

WHERE

END_ENT]

(*

Attribute d

EXAMPLE 12 - A cylinder is symmetric about its axis. A bolt hole pattern is a composite_shape_aspect that is
symmetric about the axis of the common cylinder that intersects the centre of each hole. See figure 7.

1L

E - Figure 7 illustrates a bolt hole circle pattern of four cylinders that is a composite_shape_aspect:
dentally, the bolt hole circle pattern is also a symmetric_shape_aspect that has a centre_of_symmetry. about
s of the common cylinder that intersects the centre of each hole. Furthermore, each hole can be a symmetric_-
_aspect when it is necessary to capture the relationship to the hole’s centre_of_symmetry.

specification:

ymmetric_shape_aspect

E OF (shape_aspect);

|lrelationships : SET [1:?] OF shape_aspect.relationship
FOR relating_shape_aspect;

IZEOF (QUERY (X<*SELF.basis_relatiohships |
SHAPE_ASPECT_DEFINITION_SCHEMA.CENTRE_OF_SYMMETRY‘ IN TYPEOF
X.related_shape_aspect)))>=1;

TY;

efinitions:

basis_relgtionships: identifies-relationships to one or more features that are symmetric about centres of

symmetry
relating_s

e.g., point, axis,cof~median plane. The related_shape_aspect is a centre_of_symmetry. The
hape_aspect js'the symmetric_shape_aspect.

Formal prgpositions:

WRI: A symmetric_shape_aspect shall have at least one centre_of_symmetry.
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Each hole (H1, H2, H3, H4) and Pattern of 4 cylinders (H1, H2, H3, H4)
the pattern of holes on the circle (C1) are when taken together form a
symmetric_shape_aspect composite_shape_aspect
W
L—~| >
N __ s \
.\‘
—+ J
,/‘
. / ,
~ H3

Figure 7 - Symmetri¢_shape_aspect and composite_shape_aspect

*)
END__SCHEMA ; - shape_aspect_definition_schema

(*
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5 Shape dimension

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

EXPRESS specification:

*)

SCHEMA sLape_dimension_schema;
REFERENCE FROM qualified_measure_schema

(mealsure_representation_item,

qualified_representation_item);

REFERENJE FROM product_property_representation_schema

(shdpe_representation) ;

REFERENQE FROM product_property_definition_schema
(shdpe_aspect,

shdpe_aspect_relationship);
REFERENGE FROM support_resource_schema

(label,
text) ;

NOTE - The schemas referenced above ¢an be found in the following parts of ISO 10303:

qualified_measure_schema ISO 10303-45
prodyct_property_representafion”schema 1SO 10303-41
prodyct_property_definition_schema 1SO 10303-41
suppd@rt_resource_schema ISO 10303-41

5.1 Introduction

The shap¢_dimension_schema provides a representation for the description of location and size dimensions.
The measure of a dimension may be either assigned to or derived from other shape_aspect clements. The
supported types of measurement path for applying a dimension are:
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— a linear path;
— acurved path;
— an angular path.

5.2 Fundamental concepts and assumptions

imensions that are derived from the geometric representations of shape_aspects are considered to, be]
defined. Dimensions that are assigned to a shape_aspect, which may or may not have associated
representation, are considered to be explicitly defined. A size or location dimension may be both'imp
explicitly defined for a given shape_aspect.

NOTES

1 - The lower limit of a limit dimension can be represented by either an explicit or assigned, dimensiof
upper limit value may be on an implicit or explicit dimension.

2 - Legal values that are computer sensible for attributes of entities in this schema may be specified in
protocols.
(e.g., measured values) for either dimensions or tolerances. Geometrical tolerances and plus-minus toler

be applied to a dimension. Dimensions need not liave a tolerance value.

This part of ISO 10303 does not distinguish between uses of dimensions. Uses of dimensions are
application protocols using this part 6£1SO 10303.

EXAMPLE 13 - The spegification of a dimension to define the desired product shape and the specif]

dimension to describe asmanufactured product shape are two uses of dimension.

This part of ISO 10303 provides for the representation of dimensions in a manner that is independ
requirements for.dfaughting presentation.

NOZFE\3 - The application and use of basic dimensions or reference dimensions are specified in an
protocol.

implicitly

geometric

licitly and

1, while the

application

This part of ISO 10303 does not distinguish between infénded values (e.g., designed values) and actual values

hnces may

defined in

cation of a

ent of any

application

AZdimensional location is a relationship between two shape_aspect elements that identifies a spatial

that shall be maintained during any physical transformation, translation, or rotation of the shape_aspec

constraint
t elements
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together. This relationship is either directed from the origin shape_aspect or datum to the target shape_aspect,

or it is non-directed. Only non-directed dimensional location is addressed in this part of ISO 10303.

NOTE 4 - The decision as to whether the dimensional location is directed or non-directed is specified in an application

protoc

ol.

A dimensional size of a shape_aspect identifies a constraint between the relative position of the boundary of the
shape_aspect with either its axis of symmetry or another boundary of the same shape_aspect. The dimensional

size is unat

A dimensio
dimension

o < ’ < eneat
= o —aspeCT

1is applied along a specific measuring path. When the measuring path is not explicitly identified;the
will apply along an implicit path. The definition of an implicit measuring path is dependént on the

context of yse and is specified in an application protocol.

5.3 shape_dimension_schema type definitions

5.3.1 an

gle_relator

An angle_nelator type is an identification of an angle. This angle is one of a-s¢{ of possible angles created by:

— the

— the

— the

EXPRE

*)

TYPE ang
(equal
large

small

END_TYPE[|

(*

Enumerateg

intersection of two shape_aspect elements;
virtual intersection formed by extensions of two shape_aspect elements;
boundaries of a single angular shape_aspect.

ification:

le_relator = ENUMERATTON OF

4

item‘definitions:

equal: the numerical measure of the angles are equal at the point of intersection between two shape_aspect

elements.
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large: the numerical measure of the selected angle at the point of intersection between two shape_aspect
elements is the larger absolute value.

small: the numerical measure of the selected angle at the point of intersection between two shape_aspect
elements is the smaller absolute value.

EXAMPLE 14 - Figure 8 illustrates a type of single angular shape_aspect. See figure 9 for types of intersections
of shape_aspects.

5.3.2 dimensional characteristic

A dimensional_characteristic is the selection of the dimension type to which a tolerange or explicit measure
value applies.

")

I'YPE dimensional_characteristic = SELECT (dimensioral_location,
dimehsional size);

FND_TYPE;

(*

smaller

shape_aspect ]
element as conical_hole [
|
I

4

T

Figure 8 - Single angular shape_aspect
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5.4 shape_dimension_schema entity definitions
S5.4.1 angular_location
An angular_location specifies that a spatial constraint exists between two shape_aspect elements that intersect

or would intersect if projected. An angular_location is a measure of the angle defined by the two shape_aspect
eiements and their common intersection or projected intersection.

*)

ENTITY angular_location
SUBTYPE OF (dimensional_location);
angle| selection : angle_relator;
END_ENTITY;
(*

shape_aspect

(b)

shape_aspect

‘ <
smaller \ % AN

. ((ie)rived~shape_.aspect |
C

derived| shape! aspect derived_shape_aspect

d

Figure 9 - Angular_location
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Attribute definitions:

angle_selection: an indication of the specific angle type at the point of intersection.

5.4.2 angular_size

An angular_size is the measure of the angle formed by two boundaries of the shape_aspect and their common

or projected intersection. An angular_size defines an angular spatial characteristic of a shape_aspect. An

angular_sjze
within the product.

NOTE - The application and use of an angular_size is illustrated in figure 10.

| shape_aspect

shape_aspect

M

Figure 10 - Angular_size

EXPRESS ification:

*)

ENTITY angular_size
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SUBTYPE OF (dimensional_size);

angle_selection : angle_relator;
END_ENTITY;

(*

Attribute definitions:

angle_selection: an indication of the specific type of angle at the point of intersection.

5.4.3 di

knensional_characteristic_representation

A dimensignal_characteristic_representation is an association of an implicit dimension with an expficit non-

geometric

NOTH
depen
repre

the ge
EXPRE

*)
ENTITY d
dimens
repres
END_ENTI]]

( *
Attribute d|
dimension
represents

5.4.4 di

A dimensid
representeq

fepresentation.

- A dimension for a shape_aspect may be explicitly represented as an actual value, a scaled value, a precision
ent value, or a pair of values that specify the upper and lower size limits. A dimenSional_characteristic_-
bentation associates one of the above value types with the implicit dimension valu€that may be derived from
metric representation of the shape_aspect.

specification:

imensional_characteristic_representatibn;

ion : dimensional_characteristits

entation : shape_dimension_represéhtation;

TY;

cfinitions:

an implicit measurement(for which an explicit non-geometric representation is defined.

tion: the explicit pon=geometric representation assigned to the dimension.

mensional<location

nal_location specifies that a spatial constraint exists between two shape_aspect elements that are
as.anon-directed measure applied along a measurement path.
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EXPRE ification:

*)
ENTITY dimensional_location
SUPERTYPE OF (ONEOF (angular_location,
dimensional_location_with_path))

SUBTYPE OF (shape_aspect_relationship);
END_ENTITY;

e

{

NOTES

1 - Representation of a shape_aspect participating in the dimensional_location relati¢nship implies a|measuring
direction for the dimensional_location through the related and relating shape_aspect)The meaning of the direction
is specified in an application protocol.

2 - The application and use of dimensional_location and dimensional_size-are shown in figure 11.

5.4.5 dimensional_location_with_path

A dimensional_location_with_path specifies that a spatial constraint exists between two shape_aspect
lements along an explicit path. The dimensional_locationzwith_path is a dimensional_location applied along
n explicit path that is defined between the shape_aspect elements.

EXAMPLE 15 - See figure 12. The locationof hole H2 from hole H1 may be defined with either dim¢nsional_-
locations, X1 and Y1 or, dimensional_location_with_path, D1. Dimensional_locations X1 and Y1 uke implicit
measuring paths defined by a coordinafesystem associated with the product. A dimensional_location_yith_path
applies along the explicit measuring/path defined by the line intersecting the centres of the 2 holes.

EXPRESS Specification:

)

ENTITY dimensfenal location_with_path
SUBTYPE @F\Adimensional_location);
path : ‘$hape_aspect;

END_ENTTY ;

*
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|
angular_location 1
|
/ I

/;\ /-/I\\ dimensional_location

~
angular_size \4\ - \< - t‘]‘j\ - \/
~ ~
~\ 7 b A

Figure 11 - Dimensional_location and. dimensional_size

Attribute definitions:

path: the shape_aspect defining the measurement path-for the dimension.

5.4.6 dimensional_size

A dimens
magnitude

EXPRE

*)

ENTITY

36
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onal_size defines a spatial ¢haracteristic of a shape_aspect that is represented by a measure. This
is independent of the location of the shape_aspect on or within the product.

Specification:

Himensdional_size
'YPE \OF (ONEOF (angular_size,

dimensional_size_with_path));

applies_to : shape_aspect;
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name : label;
WHERE

WR1: applies_to.product_definitional = TRUE;
END_ENTITY;

( *
Attribute definitions:

applies—to-theshape—aspect-being-dimensioned
—to: — , istoned-

name: the identification of the application use of the dimension.
EXAMPLE 16 - A size characteristic may be either a radius, a diameter, a length constraint, an angular ponstraint,

a curve shape_aspect, an axisymmetric shape_aspect, or a circular shape_aspect. Use)of the name attfibute with
a value of "radius" clarifies the application use of this dimension.

Formal propositions:

WR1: a dimensional_size shall lie on the physical boundary of the'shape that defines the product.

Figure 12 - Dimension_location_with_path
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5.4.7 dimensional_size_with_path

A dimensional_size_with_path defines a spatial characteristic of a shape_aspect. The dimensional_size -
with_path is represented by a single magnitude and is independent of the location of the shape_aspect on or
within the product. It is the non-directed measure derived along an explicit curve path that is defined between the
two boundaries of the shape_aspect.

EXPRESS specification:

*)
ENTITY Himensional_size_with_path
SUBTY[PE OF (dimensional_size);

path |- shape_aspect;
END_ENTITY;

( *
Attribute flefinitions:

path: the phape_aspect defining the measurement path for the dimension.
5.4.8 shape_dimension_representation

A shape_dimension_representation is a representation of eitherdimensional_location or dimensional_size.
It is a repfesentation that explicitly describes a dimension of‘a:shape_aspect with either a value or a range of
values.

NOTE - The tolerance principle of independence,-as-defined in ISO 8015 [5], has a symbol to identify the envelope
requifement on a toleranced dimension. The@nvelope requirement may be conveyed by using the name attribute in
shape_dimension_representation.

EXAMPLE 17 - A cylindrical shdpe “aspect is prescribed to have a diameter of 10 centimetres. This specification,
"10cmn. diameter", is a shape{ dimension_representation that defines a size characteristic of the shape_aspect
withut requiring a geomefrie-tepresentation.

A shape_dimension_representation may have many representation_items, but two of the representation_-
items shall define a $pecific shape_dimension_representation. These represent the upper and lower dimension
of a limitq of size.Limits of size is defined in 4.3 of ISO 406.
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EXAMPLE 18 - The diameter of a hole is defined to allow a physical instance of the hole to vary between 2.00 cm.
and 2.01 cm. In the product description, the lower and upper allowable diameters of the hole are represented by a
2.00 cm. geometric cylinder and another representation item with a value of 2.01 cm.

EXPRESS specification:

*)

ENTITY shape_dimension_representation

SUBTYPE OF (shape_representation);
WHERE
WR1: SIZEOF (QUERY (temp <* SELF.items |
NOT ('QUALIFIED_MEASURE_SCHEMA.MEASURE_REPRESENTATION ITEM'

IN TYPEOF (temp)))) = 0;

WR2: SIZEOF (SELF.items) <= 2;

WR3: SIZEOF (QUERY (pos_mri <* QUERY (real_mri <* SELF\items |
'REAL' IN TYPEOF
(real_mri\measure_with_unit.value_component) N |

NOT (pos_mri\measure_with_unit.value_component > 0.0 ))) = 0;
END_ENTITY;

*

Formal propositions:
Y

WRI: the representation_items in the set of itefns for a shape_dimension_representation shall be of type
measure_representation_item.

WR2: there shall be at most two_representation_items in the set of items for a shape_dimension_-

representation.

WR3: the value_component of the representation_items in the set of items for a shape_dimlension_-

yepresentation shall be-a positive real number.

1)
END__SCHEMA¢ -- shape_dimension_schema

*
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6 Shape tolerance
The following EXPRESS declaration begins the shape_tolerance_schema and identifies the necessary external
references.

*)
SCHEMA shape_tolerance_schema;

D

o}

REFERENGE FROM product_property_definition_schema
(shape_aspect,

shape_aspect_relationship);

REFERENCE FROM measure_schema

(medsure_with_unit, measure_value) ;

REFERENCE FROM representation_schema

(representation) ;

REFERENCE FROM support_resource_schema
(label,
tekt) ;

REFERENCE FROM shape_aspect_definition_schéma
(dafum_reference,

lijpit_condition) ;
REFERENCE FROM shape_dimension_schéema

(dimensional_characteristigy

dimensional_location)gs

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

prodyct_propertyndefinition_schema ISO 10303-41
measjire_scheéma ISO 10303-41
supp¢rt_fesource_schema ISO 10303-41
repretentatinn_crh&mq 1ISO 10303-43
shape_aspect_definition_schema clause 4 of this part of ISO 10303
shape_dimension_schema clause 5 of this part of ISO 10303
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6.1 Introduction

The shape_tolerance_schema provides the constructs for describing tolerances that apply to dimensions and
to elements of shape_aspect. This schema includes two types of tolerance: plus-minus tolerance and geometrical
tolerance. The plus-minus tolerance provides the constructs for specifying tolerances in one of two ways:

— the specification of upper and lower limits within which a dimension may vary;

—he Specificaton of Hmits and 1115 as speciticd M 1ISO286-Tand 1SO286-2:

The representation of statistical tolerance may be associated with the direct specification of'the’upp
lower limits of the plus-minus tolerance or with a geometric tolerance.

The geometrical tolerance provides the constructs for applying tolerance zones to €l¢ments of shapg
A tolerance zone defines a region or an area within which a shape_aspect may vary and is bounded
tolerance zone elements. These constructs support tolerances for the form§ orientation, location, p

tolerancing methods.
6.2 Fundamental concepts and assumptions

A toleranced dimension is an exact dimension with a plas-minus tolerance. A plus-minus tolerance
dimensional variation of a dimension of a product. The-plus-minus tolerance range is limited by eithg
values, which define the upper bound and lower bound of a dimension, or a standard tolerance as sp
in ISO 286-1 and ISO 286-2. The tolerance with-a statistical distribution provides an additional speci
the variation of a dimension and may be used with either a plus-minus tolerance or a geometric toler

Geometrical tolerances constrain the‘'variations in the geometric properties of a product shape. These
are form, location, orientation, profilé, and runout. ISO 1101 specifies geometrical tolerances for form
orientation, profile, and ruriout. ISO 5458 specifies the geometrical tolerance for position. A limif
modifies a geometrical-tolerance such that the size variation of a shape_aspect may increase or dg
specified in ISO 2692.-A’geometrical tolerance has a tolerance zone that defines the limits of the var
shape_aspect. Tolerance zone elements define the boundaries of a geometrical tolerance zone. The tole
for a single shape_aspect may be defined as a single zone or in increments that are contiguous with
unit or by.length or area. The size of the tolerance zone is defined by the measure of the tolerance.
zones forgeometrical tolerances are specified in ISO 1101 and 5458.

er and the

_aspects.
by a set of
rofile, and

runout of a shape_aspect. A tolerance zone may be represented by specific geometry and is used for various

limits the
r assigned
pcified
fication of
ance.

properties
, location,
condition
crease, as
iation of a
ance zone
a defined
Tolerance

A-geometrical tolerance may reference a datum system which is composed of one or more datums. J|

he datum

system defines an origin for the geometrical properties.
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NOTES

1 - When the tolerance zone is not fully bounded, it is appropriate to assume that the tolerance zone extends to infinity

at the unbounded areas.

2 - Legal values that are computer sensible for attributes of entities in this schema may be specified in application

protocols.

EXAMPLE 19 - A flatness tolerance zone of a Pl'*mqr surfaceis-bounded I—\y [Reera pqrq”nl, infinite p|311€° Fepﬂratﬁd by

a dista]

ice of the tolerance magnitude.

6.3 shape_tolerance_schema type definitions

6.3.1 to

erance_method_definition

The tolerance_method_definition type is the identification of the method used to generate a tolerance value.

EXPRESS

*)
TYPE tol

(tolerx]

limit]

END_TYPH;

(*

6.3.2 to

A tolerang
tolerance.

EXPRE

*)
TYPE tol

(geo
plu

END_TYPE};

specification:

erance_method_definition = SELECT

nce_value,

s_and_fits);

’

erance_select

be_select type indicates that a telerance can either be a geometric_tolerance or a plus_minus._-

specification:

erance_sekect =SELECT
netric\tolerance,
5_mints_tolerance) ;

r

(*
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6.4 shape_tolerance_schema entity definitions: geometric tolerance

6.4.1 dimension_related_tolerance_zone_element

:1997(E)

A dimension_related_tolerance_zone_element is an association of a tolerance zone definition with a locating

dimension.

EXAMPLE 20 - A square hole parallel to the Z axis may be toleranced with distinct positional tolerances in the X

and Y directions. Each specified positional tolerance 1s detined by a tolerance_zone_delimition COnsis
parallel planes. The dimension that locates the centre plane of the square hole in the X axis also specifis't
of the two parallel planes defining the positional tolerance in that axis. The dimension_related_teleranc
element is the relationship of this dimension, the related_dimension, to the tolerance zone definition, the t

planes.
NOTE - The relationship between dimensions and tolerance zone elements is deseribed in 3.6 of ISO 54

EXPRESS specification:

[ )

ENTITY dimension_related_tolerance_zone_element;

related_dimension : dimensional_locatiohy
related_element : tolerance_zone_defdnition;
FEND_ENTITY;
( *
Attribute definitions:

related_dimension: a dimension that'positions the tolerance_zone_definition.
related_element: a tolerance/zone_definition that is defined with a specific location.
6.4.2 geometric-tolerance

A geometric_tolerance is the specification of the allowable range within which a geometrical pro
product may'deviate.

ing of two
he location
e_-Zone_-
vo parallel

perty of a
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EXPRESS specification:

*)

ENTITY geometric_tolerance;

name : label;

description . text;

magnitude : measure_with_unit;

toleranced_shape_aspect : shape_aspect;
WHERE

WR1: hagnitude.value_component >= 0.0;
END_ENTETY;

( *
Attribute definitions:
name: the]identification of the geometrical tolerance type.

NOTIE - This identification may be one of the geometrical tolerance types specified in ISO 1101 when used to
reprepent International Standard geometrical tolerances.

EXAMPLE 21 - Position, straightness, concentricity, parallelism, circuldr runout, etc., are names for geometrical
tolergnce types.

descriptipn: A supplementary note that shall be used to;¢onvey additional requirements associated with
geometrid tolerance.

NOTE - This description may state requirement§ fhat may have an affect on the geometric_tolerance for specific
applications.

magnitude: the size of a tolerance.

tolerancdd_shape_aspect: the-shape_aspect to which the tolerance applies.
Formal ptopositions:

WR1: The magnitudé of the tolerance shall be greater than or equal to 0.0.

6.4.3 geometric_tolerance_relationship

A geometric_tolerance_relationship is an association between two geometric_tolerances.
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EXPRESS specification:

*)
ENTITY geometric_tolerance_relationship;

;
name :label;

description text;
relating geometric_tolerance : geometric_tolerance;
related_geometric_tolerance : geometric_tolerance;

NI AT ST
mND_INI LTI XY,

Asse b o 1_0

Attribute definitions

description: text that describes the relationship.

relating_geometric_tolerance: One of the geometric_tolerances, thiat'takes part in the relationship.

geometric_tolerances is to be dependent on the other, this attribute shall be the dependent one.

6.4.4 geometric_tolerance_with_datum_reference

for specifying the tolerance condition-of a shape_aspect.

EXPRESS specification:

*)

ENTITY geometrit.-tolerance_with_datum_reference
SUBTYPE QE~(geometric_tolerance) ;
datum_gystem : SET [1l:?] OF datum_reference;
END_ENTITY;

(*

Atiribute definitions:

datum_system: the datum or combination of datums that define a reference for a geometric_tolerance.

related_geometric_tolerance: The other geometric_tolerancé that takes part in the relationship. If{one of the

A geometric_tolerance_with_datum_reference is a geometric_tolerance that references one or mofe datums
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NOTE - This attribute is not equivalent to datum system as defined in clause 3.2 of ISO 5459.

6.4.5 geometric_tolerance_with_defined_unit

A geomet

ric_tolerance_with_defined_unit is a geometric_tolerance specified on a per unit basis of the

shape_aspect.

NOTE - The use and application of the per unit basis are described in Clause 9.1 of ISO 1101.

EXAN
basis.

EXPRESS]

*)
ENTITY d
SUBTYH
unit_ s
WHERE
WR1:
END_ENT]

(*

Attribute d

unit_size:

IPLE 22 - A straightness tolerance defines the allowable amount of bending of a product feature on a unit length
A flatness tolerance defines the allowable amount of warping of a surface on a per square unit area basis

specification:
eometric_tolerance_with_defined_unit
E OF (geometric_tolerance);

ize : measure_with_unit;
nit_size.value_component > 0.0;

TY;

efinitions:

the unit measure over which a tolerance applies.

Formal prdpositions:

WR1: The

unit length or area over whigtnthe tolerance is applied shall be defined by a positive value.

6.4.6 mpdified_geometric) tolerance

A modified

_geometric_tolerance is a geometric_tolerance with a material limit condition that applies to the

shape_asplect being toleranced.

NOTE
value

- See Clauses 4 and 5 of ISO 2692. As specified in 4.2 of ISO 2692, this limit condition modifies the tolerance
hpplied to the toleranced shape_aspect.
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“ Informal propositions:

Attribute definitions:
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EXPRESS specification:

*)
ENTITY modified_geometric_tolerance
SUBTYPE OF (geometric_tolerance);

modifier : limit_condition;
END_ENTITY;

(*

Attribute definitions:

modifier: the limit_condition that is assigned to a geometrical tolerance.

Characteristics.
h.4.7 projected_zone_definition

A projected_zone_definition is a tolerance_zone_definition that is projected from a feature of a proj
projection is external to the feature and is made from ofie of the ends of the feature for a specified
projected tolerance zone is defined in clause 4 of ISO 10578.

EXPRESS specification:

)
ENTITY projected_zone_defimition
SUBTYPE OF (tolerancelzone_definition);

7

projection_end ~\shape_aspect;
projected_length, :"measure_with_unit;
WHERE

WR1: project@d_length.value_component > 0.0;
END_ENTITY¢

*

[P1: The SELF\toleranced_shape_aspect shall be a shape_aspect defining a product feature that has size

duct. The
length. A

projection_end: the shape_aspect from which the projected tolerance zone originates.
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projected_length: the distance from the feature being toleranced.
Formal propositions:
WRI1: The value of the projected length shall be greater than 0.0.

6.4.8 runout_zone_definition

A runout_zone_defnition 1s a tolerance_zone_element that {5 detined by tre orfentation of the Teasuremment
of the tolergnced shape_aspect to the centre_of_symmetry of a datum_feature.

EXAMPLE 23 - Figure 13 illustrates a runout_zone_definition.
EXPRESS kpecification:
*)
ENTITY rjunout_zone_definition
SUBTYPE OF (tolerance_zone_definition);

orientlhtion : runout_zone_orientation;
END_ENTIITY;

(*
Attribute dpfinitions:

orientation: the orientation of a toleranced shape_aspect'to the centre of symmetry of a datum_feature.
6.4.9 runout_zone_orientation

A runout_yone_orientation is the specification of the orientation of the runout tolerance element to the centre
of symmetfy of a datum_feature.

EXAMPLE 24 - Figure 13 illustrates an angle for a runout_zone_orientation. Rules specifying how the angle is
meastred shall be defined i’an application protocol.
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shape_aspect
boundary
runout_zone_orientation
angle
centre_of_symmetry
/
/

datum_feature

Figure 13 - Runout_zone_definition

EXPRESS specification:

*)
ENTITY runout_zone_orientation;
angle : measure_with_unit;

END_ENTITY;

(*
Attrib finitions:

angle: an angle value that.ofients the tolerance zone from the centre of symmetry of a datum feature to{which the

runout zone is appliéd; or a specific value that is the normal to the surface of the shape_aspect thais applied
to the runout tolerdnce.

NOTE YTIF a value other than a numeric value is desired then angle may be a descriptive_measure.

EXAMPLE 25 - An example of an angle defined by a descriptive_value may be “normal”.
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Informal propositions:

IP1: The angle value shall range from 0 to 90 degrees if the angle is a planar angle.
6.4.10 runout_zone_orientation_reference_direction

A runout_zone_orientation_reference_direction is a type of runout_zone_orientation that specifies the
reference direction for the orientation of the angle.

EXPRESS specification:

*)
ENTITY funout_zone_orientation_reference_direction
SUBTYPE OF (runout_zone_orientation):;
orienfation_defining_relationship: shape_aspect_relationship;

END_ENTITY;

( *
Attribute definitions:

orientation_defining_relationship: the shape_aspect_relationship which specifies a directed relationship from
the relating_shape_aspect to the related_shape_aspect to define the reference direction in which the angle is
to be oriented.

6.4.11 statistical_distribution_for_tolerance

A statisti¢al_distribution_for_tolerance is a typeof representation that is defined by a set of measure_-
representgtion_items that provide the set of distribution parameters. Each distribution parameter is defined by
aname angl a measure_with_unit.

EXPRESS specification:

*)

ENTITY statisticalp@distribution_for tolerance
SUBTYPE OF (representation);

WHERE
WR1: $IZEOF (QUERY (item <* SELF\representation.items |

NOT) ( 'QUALIFIED_MEASURE_SCHEMA.MEASURE_REPRESENTATION_ITEM'
IN TYPEOF (item)))) = O;
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END_ENTITY;

( *
Attribute definitions:
SELF\representation.name: The name by which the statistical_distribution_for_tolerance is re

EXAMPLE 26 - Normal Gaussian, Logarithmic or Rayleigh are names for statistical distributions.

ferred.

EXAMPLE 27 - Mean and standard deviation are characteristic parameters that define a Normal Gaussian d

Formal proposition:

representation_item.

Informal propositions:

IP1: The name of each parameter that is related to the statistical_distribution_for_tolerance shall b
in the name attribute of each respective representation_item. in the items attribute of the representa

6.4.12 tolerance_with_statistical distribution

A tolerance_with_statistical_distribution defines the allocation of a tolerance in terms of a
distribution. The statistical_distribution_for_tolerance may be associated with a tolerance v
lceometric_tolerance or a range of tolerancés for a plus_minus_tolerance.

EXAMPLE 28 - The diameter.ofa shaft is toleranced by a plus_minus_tolerance. The plus_minus
specifies the range in which:the diameter may vary. The statistical_distribution_for_tolerance associ
plus_minus_tolerancespecifics that the actual diameter values shall conform to a statistical distribution
tolerance range.

EXPRESS specification:

*)

ENTITY. tolerance with_statistical_distribution;

istribution.

[WR1: The representation_items in the set statistical_distribution_for_tolerenee shall be of type mheasure_-

specified
tion.

robability
hlue for a

| tolerance
ated to this
within the

associated_tolerance : tolerance_select;

folerance allocation - statict] r‘;:]__rqi stributi on for tolerances
END_ENTITY ;
(*
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Attribute definitions:

associated_tolerance: the tolerance that is specified with a statistical distribution.

tolerance_allocation: the statistical distribution that shall apply to the tolerance.

6.4.13 tolerance_zone

A tolerancf_zone 1s the region within which the toleranced Teature shall be detmed. I'nic CITAracIerisics of U

region are

pecified by the manner in which the toleranced feature is dimensioned.

EXAMPLE 29 - A geometric location tolerance applied to a hole defines a tolerance_zone_form that may be

descriped as cylindrical.

EXPRE

*)

specification:

ENTITY folerance_zone
SUBTYHRE OF (shape_aspect) ;

defining_tolerance : SET [1:?] OF geometric_tolerarnice;
form tolerance_zone_form;

END_ENTITY;

( *

Attribute definitions:

defining_folerance: all geometric tolerances whichy define a tolerance_zone for a shape_aspect.

form: the

6.4.14

A toleran

EXA]

Zone

52

representation of the applied shape that limits the specified tolerance for the tolerance_zone.
olerance_zone_form
re_zone_form is.&-description of the shape of the tolerance_zone.

MPLE 30 - “cylifidrical”, “spherical”, “parallelepiped”, and “conical” are examples of descriptions of tolerance
shapes.
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EXPRESS specification:

*)

ENTITY tolerance_zone_form;

name : label;
END_ENTITY;
(*

ISO 10303-47:1997(E)

Attribute definitions:

.

pame: the description of a tolerance zone shape.
6.4.15 tolerance_zone_definition

\ tolerance_zone_definition specifies the defining boundaries of a tolerance zoue.

tolerance zone.

EXPRESS specification:

[ )

ENTITY tolerance_zone_definition

SUPERTYPE OF (ONEOF (projected_zone _definition,
runout_zone* definition)) ;

zone : tolerance_zone;

boundaries: SET [1:?] OF «shape_aspect;

FEND_ENTITY;

( *
Attribute definitions:
zone: the toleranée)zone being defined.

boundaries'a set of shape_aspects that define boundaries of the tolerance_zone.

NOTE - A pair of boundaries specified as a single tolerance_zone_definition'may form either a partial of complete

BEXAMPLE 31 - A geometric location tolerance applied to a hole is defined to be a cylindrical zone in which the axis
of the hole may vary. The cylindrical zone is symmetric about its axis. The two defining boundaries of this tolerance

zone are the cylindrical surface and its axis. For a tolerance_zone defined by two parallel planes (or lines), each plane

(or line) defines a boundary of the tolerance_zone_definition.
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6.5 shape_tolerance_schema entity definitions: range

6.5.1 limits_and_fits

A limits_and_fits is a pre-defined fit system for specifying the tolerances associated with the assembly of mating
product features.

NOTE - See ISO 286-1 and 286-2 for possible uses of limits and fits.

EXPRE

*)

specification:

ENTITY lJimits_and_fits;

form _vfariance : label;

zone_Variance : label;

grade label;

sourcq . text;
END_ENTITY;

(*

Attribute definitions:

form_varjance: the algebraic difference between a size and a corresponding basic size.

zone_vari

grade: the]

source: th

6.5.2 pl

pnce: the designation to which the tolerance class applies.
designation of the standard tolerance.
> description of the place for additional information and requirements on this tolerance.

us_minus_tolerance

The plus_Ilinus_tolerance is-the specification of the limits within which the value of a dimension may vary. A

plus_min
EXPRE

*)
ENTITY

range

54

s_tolerance may'have a range specified by either a tolerance_value or a limits_and_fits.

specifieation:

plus_minus_tolerance;

tolerance_method_definition;
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toleranced_dimension : dimensional characteristic;
UNIQUE

URl: toleranced_dimension;
END_ENTITY;

(*

Attribute Definitions:

range: the limits that, when applied to the dimension value, define the allowable variation for the-difnension.
toleranced_dimension: the dimension to which the plus-minus tolerance applies.

Formal propositions:

[UR1: There shall be only one plus_minus_tolerance for a dimension.
6.5.3 tolerance_value

The tolerance_value is the representation of plus-minus tolerances fop a dimension. A tolerance_valu¢ specifies
the numeric values added to the nominal dimension of a shape_aspect.

The lower_bound and upper_bound are applied to the.yalue of the dimension to determine the accepthble range
of measured values. A tolerance_value may be either assigned by the user or specified according to 1SO 286-1
and ISO 286-2.

EXAMPLE 32 - Since the only constrdint on the attribute values is that the upper bound be greater thap the lower
bound, the specification of a plus_ininus_tolerance (e.g., 10.0 +0.10 +0.05) is permitted. In this case, the nominal
dimension, 10.0, is not bounded by its associated tolerance zone.

EXPRESS specification:

* )
ENTITY tolerance_value;
lower_bdund : measure_with_unit;

uppexr’ bound : measure_with_unit;

WHERE
WRI: upper_bound.value_component > lower_bound.value_component;
s 2 — PR = =
L WR2+—upper—bound—uni-t—component—=—1lower—bound—urit—comporent—
END_ENTITY;

(*
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Attribute Definitions:

lower_bound: the value of the tolerance that is added to the dimension value to establish the minimum deviation
from the boundary toleranced from the nominal dimension.

upper_bound: the value of the tolerance that is added to the dimension value to establish the maximum deviation
from the boundary toleranced from the nominal dimension.

Formal prdposifions:
WR1: The| value of the upper_bound shall be greater than the value of the lower_bound.

WR2: Thel upper_bound and the lower_bound shall have the same unit.

*)

END_SCHEMA; -- End of shape_tolerance_schema

(*

56


https://standardsiso.com/api/?name=73188d0f27bdd5d5d8fd1f0115abd235

