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Foreword

The International Organization for Standardization (ISO) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical

committee

has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotecnical standardization.

Draft Integnational Standards adopted by technical committees are circulated to the member bodies for
voting. Puplication as an International Standard requires approval by at least 75% of the member*bodies
casting a Mote.

Internationjal Standard ISO 10303-44 was prepared by Technical Committee 1SO FQ184, Industrial

automatior
languages

1SO 10303
integration

— Part 1

— Part 1fl Description methods: The EXPRESS language*reference manual;

— Part 2]l Implementation methods: Clear text encoding of the exchange structure;
— Part 2P Implementation methods: Standard‘data access interface;

— Part 3l Conformance testing methodology and framework: General concepts;

— Part 32 Conformance testing methodology and framework: requirements on testing laboratories and

clients;

— Part 4]l Integrated generi¢-resources: Fundamentals of product description and support;

— Part 42 Integrated generic resources: Geometric and topological representation;

— Part 43 Integrated generic resources: Representation structures;

systems and integration, Subcommittee SC4, Industrial data and (global manufacturing

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

Overview and fundamental principles;

— Part 45 Integrated generic resources: Materials;

— Part 46 Integrated generic resources: Visual presentation;

— Part 47 Integrated generic resources: Shape variation tolerances;

— Part 49 Integrated generic resources: Process structure and properties;

iv
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— Part 101 Integrated application resources: Draughting;
— Part 104 Integrated application resources: Finite element analysis;
— Part 105 Integrated application resources: Kinematics;

— Part 201 Application protocol: Explicit draughting;

—Part 202 Appticationr protocot—Associative draughting;

— Part 203 Application protocol: Configuration controlled design;

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

— Part 210 Application protocol: Printed circuit assembly product designdata;

— Part 213 Application protocol: Numerical control process plans for-machined parts.

The structure of this International Standard is described in ISO 10303-1. The numbering of the parts of
this International Standard reflects its structure:

— Part 11 specifies the description method;

— Parts 21 and 22 specify the implementation methods;

— Parts 31 and 32 specify the conformance testing methodology and framework;
— Parts 41 to 49 specify the integrated ‘generic resources;

— Parts 101 to 105 specify the infegrated application resources;

— Parts 201 to 213 specify,the application protocols.

$hould further parts be published, they will follow the same numbering pattern.

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

Diskette

Users should note that this part of ISO 10303 comprises a diskette:

— the short names of entities given in annex A are also included on the diskette;

— the EXPRESS listings (annex C) are provided on the diskette only;

— a method to enable users to report errors in the documentation is given. Full details are
provided in the file.
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Introduction

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

This International Standard is organized as a series of parts, each published separately. The parts of-{SO
10303 fall| into one of the following series: description methods, integrated resources, application
protocols, abstract test suites, implementation methods, and conformance testing. The series aredescribed
in ISO 10303-1. This part of ISO 10303 is a member of the integrated resources serjes. Major

subdivisio
— the pif
— the pr
— the cg
The produg

— define
product 1

— defines

The produg
from analy

s of this part of ISO 10303 are:

oduct structure schema;
pduct concept schema;

nfiguration management schema.

t structure schema:

a product in terms of its composition as a set ‘of constituents or consumed products. A

nay be assembled from the constituents or produced by consuming other products, or both;

mechanisms for expressing the composition relationship.

t concept schema identifies the product concept as a set of specifications for a product derived
bis of customer needs for the product. It represents the idea of a product based on customer

needs and ot as it might be designed oe-built.

The config
another prg

Industrial a
— produ

— produ

uration management schema identifies those products participating in the manufacture of
duct whose configurations are under the direct control of an organization.

utomation is con¢erned with the management of the information including the following:
Lt structure)and its complexity;

't configuration and its complexity;

— product change.

Product structure is focussed on that aspect of product design defining a product in terms of a nested
decomposition into constituents. The product structure schema of this part and the product definition
schema of ISO 10303-41 together define the representation of the information that manages the
complexity of product structure. An example of the use of the information represented is the generation
of bill-of-material reports.

vi
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Product configuration is concerned with the specification of manufacturing or assembly plans for specific
products. The planning includes specification of the actual constituents of a product which are to be
included in a planned unit of production. The configuration management schema and the product
structure schema represent the information that manages the configuration of a product. The concept of
effectivity is used to manage the configuration of a product.

Change management is involved with the changes over time in a product as new versions of a product
are developed. This part of ISO 10303 is concerned with changes that affect the organization of
nStiEeRtS I Rto—iRte «—The—confiourati ETIE 3 T¢ TS information

q : ; : gura ATTAY ]
dn the structural form of the definition of a product as the product changes and is enhanced“during the
fgroduct life cycle. Representation of information on other aspects of change management’is defined in
the product definition schema and the change schema of ISO 10303-41.

vii
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Industrial automation systems and integration —
Product data representation and exchange —
Part 44:

Integrated generic resources:

Product structure configuration

Il Scope
[his part of ISO 10303 specifies the resources to manage the structurg-and configuration of |a product
luring its life cycle.

[he following are within the scope of this part of ISO 10303:

— the relationship among the components and assemblies<of a product;

the relationship among products and their compeneénts as made by modification of other products;
EXAMPLE 1 - The machining of a product.from another product.
— the description of a product as defined by customer needs;

— the management of the structure’for configuration of assemblies and components as planned for
manufacture;

— the decomposition of a product to support different product life cycle activities;
NOTE 1 - An organization may need to decompose a product into one bill of materials that enymerates
each componént-with respect to the number of that component used in an assembly, and into a $econd bill

of materials, that decomposes a product with multiple assemblies into the individual components
See annex-E for more examples of different product structure reports that are supported.

— multiple versions of a single product which are equivalent with respect to form, fit, and function.

[lie,following are outside the scope of this part of ISO 10303:

the relationships among different product definitions for the same product;

EXAMPLE 2 - The relationship of a product definition for a component in a preliminary design to a
corresponding product definition for the same component in a detailed design;

— administrative activities of the product life cycle including approvals, security classifications,
contractual arrangements, and supplier organizations;


https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

ISO 10303-44:1994(E)

— the ch
changed;

the pr

®1SO

ange process for a product, including the reason for change and what aspect of a product has

the decisions made, and their reasons, during the product life cycle;

the physical connections among components of a product;

operties that a product constituent may have;

NOTE 2 - A mechanism is defined in ISO 1030341 to support the association of properties with
components. The actual associations are included in various application protocols which are parts of this
Intefnational Standard. For example, the details of what a material property is and how it is definéd. are out

of s

configurs

ope, as well as the fact that a component has a material property.

the ipformation for as-built manufacturing, manufacturing planning, and logistical structure and

tions;

— multiple versions of a single product that are not form, fit, and function.equivalent.

NOT

2 Nornm

The follow
of this parf
are subject
investigate
of IEC and

ISO/IEC §
Notation O

ISO 10303
exchange -

ISO 10303
exchange -

ISO 10303
exchange -

E 3 - The concept of versions of a product is defined in 1SO 10303-41.

ative references

ing standards contain provisions which, through reference in this text, constitute provisions
of ISO 10303. At the time of publication, theteditions indicated were valid. All standards
to revision, and parties to agreements based~0n this part of ISO 10303 are encouraged to
the possibility of applying the most recentceditions of the standards indicated below. Members
ISO maintain registers of currently valid International Standards.

824-1:=", Information technology — Open Systems Interconnection — Abstract Syntax
ne (ASN.1) — Part 1. Specification of Basic Notation.

-1:1994, Industrial automation systems and integration — Product data representation and
- Part 1. Overviewand fundamental principles.

+11:1994, Industrial automation systems and integration — Product data representation and
— Part 11: Déscription methods: The EXPRESS language reference manual.

141:1994 Industrial automation systems and integration — Product data representation and
— Part 41: Integrated generic resources: Fundamentals of product description and support.

ISO 10303

-42:1994, Industrial automation systems and integration — Product data representation and

exchange — Part 42: Integrated generic resources: Geometric and topological representation.

ISO 10303

-43:1994, Industrial automation systems and integration — Product data representation and

exchange — Part 43: Integrated generic resources: Representation structures.

Y To be published.
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3 Definitions and abbreviations

3.1 Terms defined in ISO 10303-1
This part of ISO 10303 makes use of the following terms defined in ISO 10303-1.

— assembly;

— component;

— product.

8.2 Other definitions

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

of these parent nodes, etc.

onstituents.
NOTE - See annex E for examples of bill-of<material structures.
3.2.3 child node: the node to which a link is pointing.

3.2.4 constituent: a subdivision 0f;a product, either a component or an assembly.

3.2.5 directed acyclic graph"(DAG): a collection of nodes and directed links such that no o
dncestor (or descendant) Of)itself.

Iinks. For a given’/node, its descendent nodes include all children nodes, all children nodeg
¢hildren nodes)-etc.

ysedcin“another product.

product interfaces with other products, and the function is the purpose that the product serves.

3.2.9 leaf node: a node that has no children.

3.2.1 ancestor node: any node that can be reached from a given node, by successive traversals of links
n the reverse direction. For a given node, its ancestor nodes_ inClude all parent nodes, all parent nodes

3.2.2 bill-of-material structure (BOM): a structuralidescription of a product in terms of fits nested

ode is an

3.2.6 descendent node: any node that can be reached from a given node, by successive trayersals of

of these

3.2.7 effeetivity: a characteristic that indicates when a product is allowed, approved or permifted to be

3.2.8 Tform, fit, and function of a product: the form is the shape of the product, the fit is the way the

3.2.10 link: a uni-directional relationship from one node to another node within a directed acyclic graph.

3.2.11 lot: a collection of actual units treated as a single unit.
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3.2.12 node: an element of a directed acyclic graph, connected to other such elements by links.

3.2.13 parent node: the node from which a link is initiated.

3.2.14 parts list structure: a structural description of a product in terms of a hierarchy of all distinct
usages of its constituents.

NOTE - See annex E for cases of parts list structures.

3.2.15 pr

J)missory use: the intention to use a constituent in an assembly.

3.2.16 ro¢t node: a node that has no parents.

3.2.17

tr¢
which each

be: a restricted type of directed acyclic graph in which there is only one rogt.node, and in
node has at most one parent.

3.3 Abbreviations

For the pu
BOM b
CM

DAG d

poses of this part of ISO 10303, the following abbreviations apply.

l1-of-material.

configuration management.

rected acyclic graph.

4 Product structure schema

The follow]

external re|

EXPRESS

ing EXPRESS declaration begins the product_structure_schema and identifies the necessary
ferences.

specification:

*)
SCHEMA p

REFERE
(pro
pro
acy

roduct _structure_schema;

NCE FROM product definition_schema
Huct -

Huct, 'definition relationship,

cYic product definition relationship);

REFERENCE FROM measure_ schema

(me

asure_with_unit);

REFERENCE FROM support resource_schema

(id
(*

entifier, label, text);


https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

®ISO ISO 10303-44:1994(E)

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

product_definition_schema ISO 1030341
measure_schema ISO 10303-41
support_resource_schema 1SO 10303-41

4.1 Introduction
The Subject of the product Structure_schema 1S the Telationship between Ue defimitions o]

— products which are assembled to make other products;
— products which are changed to make other products.

These relationships are defined as specialisations of relationships among produet definitions a
in the product_definition_schema of ISO 10303-41. In addition, any product that is used in|
structure may have alternative products specified for that use. Collectively these relationships a
to as a product structure.

The product structure defines the different methods by whichc@product can be represented as b
a product. Product structure is an aspect of product definition.

The relationships between product definitions are specializations of the general relationship amo
definitions in the product_definition_schema of1SO 10303-41. They are represented in this In
Standard using a subtype of the product definition_relationship entity as defined in th
definition schema of ISO 10303-41. The subtypes of product definition_relationship defi
[schema establish additional constraints and meanings to the supertype in ISO 10303-41.

The product structure concept applies to multiple definitions of the structure of a single produ
The different definitions corréspond to different organization requirements for defining the s
a product during the life cycle of the product’s development.

activity, as well as for a manufacturing engineering activity.
This schema‘supports the concept of making a product from another product. This concept de.

relationship‘between a product and the results of a process applied to that product which prod
product:

5 specified
a product
e referred

eing made

up of constituents. Product structure relationships are established among the constituents that make up

ng product
ernational
e product
ned in this

Ct version.
ructure of

EXAMPLE 3 - ,An_organization may define a bill-of-material for both a design engineering release life cycle

s with the
ces a new

enting the

The product structure schema develops the following specific concepts for use in repreg

various forms of product structure:

~— the alternate product_relationship is used to convey the information that two produ
relationship whereby one product may be used in the place of another product;

cts have a

— the make from_usage option represents the fact that any actual unit of one design can be

manufactured by consuming or modifying an actual unit of another design;

NOTE 1 - Typically the consumed product is referred to as stock or raw material.
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~ the make from_usage option_group is used to represent one specific combination of products that
can be made from a single product;

NOTE

2 - Typically the single product is referred to as stock or raw material.

— the assembly component usage establishes relationships between designs within one of four
different subtypes:

a) Thg
and ar
by the
discret

b) Thg

quantified_assembly_component_usage represents the relationship between a constituent
assembly. For discrete constituents, several occurrences of the constituent are represented
single constituent and the quantity representing the number of occurrences of it. Forien-
e constituents the quantity represents a unit of measure other than a unitless number;

next_assembly usage occurrence represents the relationship between an oc¢currence of a

constifuent and its immediate assembly;

¢) The

specified_higher _usage occurrence represents the relationship between a specific use of a

constifuent with respect to a non-immediate/non-parent ancestor assefubly within the product

structy

d) Th¢
ancest
assemt

4.2 Fun

Product str
product def
correspond
entities.

NOTE

Many formg

re;
> promissory _usage occurrence represents the relationship between a constituent and an

br assembly within an overall product structure without.any specification of the intermediate
plies being represented.

damental concepts and assumptions
ictures are modelled by directed acyclic‘graphs (DAG). In these models, nodes represent

initions, and the directed links represent composed-of relationships. In this schema, nodes
to product_definition entities and-the links correspond to assembly component usage

1 - For a detailed discussipn‘of graph theory, see [1].

of product structuré-can be represented using this schema. Two product structures of special

utility are bfill-of-material and-parts list structures.

NOTE
produc

A parts list

2 - Examples,and diagrams of the manner in which the entities of this part may be used to represent
t structurés are included in annex E.

structure is a specific form of a bill-of-material that can be represented by a tree. A bill-of-

material strl

1ctire may require a3 more general DAG

For a general product structure, in order to identify the usage of any constituent within an assembled

product, it
specified_h

is necessary to identify the path between the assembled product and the constituent. The
igher usage occurrence entity provides this capability.
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4.3 Product structure schema entity definitions

4.3.1 alternate product relationship

The alternate product relationship is used to convey the information that two products have a re
whereby one product, the alternate product, may be used in the place of another product,
product.

organization to keep track of which product, the base or any alternates specified, is used as a
instance of the base product within a product structure.

NOTE - An organization may track design changes for a base part, and establish effectivity condi

an organization does not specify any particular version of the alternate product or establish effectivi}
to it.

determined by the organization.

together. Thus, one of these two screws couldibe considered to be an alternate part for the othef
different organization might consider the fofms to be different. -

The use of the alternate_product_relationship entity shall be defined in the context of tH
structure of the base product. The relationship established by the use of alternate_product_re
need not be symmetric. If B is ah_alternate product for A, it is not required that A is also a
product for B.

EXPRESS specification:

")

ENTITY altermnate product relationship;
name :) label; -

definitigon: text;

alternate : product;

base : product;

basis : text;
UNIQUE

UR1l: alternate, base;
WHERE

WR1l: alternate :<>: base;
END ENTITY;

(*

lationship
the base

When one product is an alternate for another product it is understood that there is no intergst|within the

particular

ons for the

use of that base part in various assemblies to be manufactured. The use of an‘alternate product jmplies that

ies relating

The two products specified in the entity are equivalent with réspéct to form, fit, and function, as

EXAMPLE 4 - Two screws of the same size are products.<One screw has a cross head and the [other has a
straight head. These head shapes are properties of the réspective products. Within a particular of ganization,
the two screws are considered equivalent with respeet to form, fit, and function: they both have [sufficiently
close physical shape, they take up the same space when used, and they both serve to fasten |two things

screw. A

e product
tionship
alternate
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Attribute definitions:

alternate: a product that may be used in place of the base product.

base: a product for which another product may be used as an alternate.

basis: a tex

t description to specify the rationale and domain of applicability of the alternate product.

combination of the alternate product and the base product shall be unique.

Formal propositions:
URI1: The
WRI1: The

instance for the alternate shall not be the same as the instance of the base attribute.

4.3.2 product_definition_usage

The produg
10303-41 f
adds meani

The subtyp
referenced
relationship
subtype, as

EXPRESS

t_definition_usage is a specialization of the product_definition_relationship entity of ISO
r use within the context of product structure definition and management. This specialization
ng to the two attributes: relating_product_definition, related preduct definition.

es of this entity represent different kinds of product structure relationships between the
pair of product_definitions. One subtype, make_from_usage option, represents the
between a product and another product, where one product is made from the other. The other

sembly_component_usage, represents the relationship between an assembly and one of its
constituents.

pecification:

*)
ENTITY pqy
SUPERTY

SUBTYPH
UNIQUE

oduct_definition usage
PE OF (ONEOF (make from .usage option,
assembly component_usage) )
OF (product_deflnltlon_relatlonshlp),

UR1l: SHLF\product definition_ relationship.id,

SH

LF\product definition _relationship.relating product definition,

SELF\product defimition” _relationship.related product definition;
WHERE
WR1l: gcyclic_product definition relationship
(SELF,
[SELF\product_definition relationship.related _product_definition],
' PRODUCT STRUCTURE SCHEMA.PRODUCT _DEFINITION USAGE.' +#
'RELATED PRODUCT __ DEFINITION' ):
END_ENTITY,;

(*

Attribute definitions:

SELF\prod

uct_definition_relationship.id: An identifier for a usage of a product_definition. It is used

to distinguish between two instances of product_definition_usage where the pair of product_definition
attributes are the same.
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EXAMPLE 5 - If four identical bolts are used to attach two plates, there may be a need to identify one
specific bolt for some purpose. It needs to be torqued to a greater degree than the rest. The id attribute then
is used to identify this specific bolt’s requirement, even though all four bolt product_definition_usages will
have the same attribute pair of product_definitions.

SELF\product_definition_relationship.relating_product_definition: aproduct_definition thatis made
from or serves as the assembly for the related_product_definition.

pguct—de g elationship ated—prody : DRI—a-proedauet—-€ prR—fyom which
the relating_product_definition is made or which is the component in the relating_product:definition
assembly.

Formal propositions:

URI1: The inherited id, relating_product_definition, and related_product -définition uniquely identify
an instance of product_definition_usage.

WRI1: The graph structure of product_definition nodes and product definition_usage links shall be
peyclic. Each product_definition shall not be a descendant of itself in the graph structure.

NOTE - This rule uses the function acyclic_product_definition_relationship defined in ISO 10303-41.
4.3.3 make_from_usage option

[The make_from_usage_option identifies that a product is made from another product through machining
br some other unspecified process.

n situations in which a product is made from another product using a sequence of procpsses, the
ntermediate products will be related @ising the make_from_usage option entity.

A product to be modified canbe an assembly.

NOTE 1 - Generally, theassembly_component_usage differs from the make_from_usage_option) in that the
constituents of an @ssembly are used in the assembly without any change.

A make_from_usage option applies to designs, represented by product_definitions, rathef than the
pctual units ofithe designs. A make_from_usage option relationship is independent of any specific
anufactured-instances of actual units and is represented by the attribute references, inherited from the
upertype entities, to the relating_product_definition and related_product_definition.

product_definition may be the relating_product_definition of many make_from_usage option

T ps; — iti — uct_definition of many make_from -
usage_option relationships. Further, there may be multiple make from_usage option instances
referencing the same relating_product_definition and related_product_definition pair of product -
definitions.

EXAMPLE 6 - Consider the case of a shaft which can be machined from either a casting or a forging. All
three, the shaft, the forging and the casting, are represented by separate instances of product_definitions.
Two instances of the make_from_usage_option entity exist, one between the relating_product_definition
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the related_product_definition forging, the other between the relating_product_definition shaft

and the related_product_definition casting.

EXPRESS specification:

*)

ENTITY make_from_usage_option
SUBTYPE OF (product_definition_usage);
ranking : INTEGER;
ranking _rationale : text;
quantitly : measure with_unit;
WHERE
WR1l: rapking > 0;
END ENTITY;
(*
Attribute definitions:

SELF\prod
the related |

ict_definition_relationship.relating_product_definition: aproduct definition made from
product_definition product.

SELF\produyct_definition_relationship.related_product_definition: a product_definition from which

the relating|

ranking: 4
product_de
relating_pr
comparing i
product_de
value indica
value indica

NOTE }
of valuep
options
product

ranking_rat

EXAMH

| product_definition is made.

n integer which ranks the preference for use of the related _product_definition input
in
duct_definition attribute. This is a positive integer value that only has meaning when

ition among all make_from_usage option instancgs with the same value for the inherited
with corresponding values for make_from_ usage options sharing the same relating -

s a higher preference for the related_product_definition product_definition, and a higher

%nition product_definition. It is a relative ranking value, not an absolute ranking. A lower

es a lower preference.

- Special care is required when assigning these values. If different organizations use different ranges
, and if populated data sets from!these organizations are merged, and multiple make_from_usage -

from both organizations thén exist in the merged file for a single relating _product_definition

definition, then non-compatable values for this attribute may result.

onale: text whichdéscribes the rationale used for the ranking.

LE 7 - Examples of ranking_rationale are cost and long lead time.

quantity: the number Of physical instances of the relating_product_definition product_definition that

can be made

from'one unit of a related_product_definition product_definition.

Formal propositions:

WRI1: The value of ranking shall be positive.

10
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IP1: If make_from_usage_option.quantity.value_component is represented by a NUMBER then its
value shall be greater than 0.

4.3.4 make from_usage option group

The make_from_usage option_group is used to indicate that several different products may be made

from a single product. A make_from_usage_option_group instance shall represent a col
make_from_usage_option instances that defines one possible combination of product_defin
can be made from another single product_definition.

The single product constraint is represented by the fact that the related_product-definition
definitions for all of the instances of the make_from_usage_options within a single make_fron
pption_group collection shall be the same.

EXAMPLE 8 - Suppose a bar stock, represented by product_definition D, can be cut twice so
three relating_product_definition products, X, Y, and Z.

representing this situation would aggregate three make_from_usage options as shown in table 1:

Table 1 - Example 8§ Make_from ‘usage option_group

id relating_product_- related_product_- quantity
definition definition

1 X D 1

2 Y D 1

3 Z D 1

t is possible to use a product'to make more than one combination of other products.

Table 2 - Example 9 Make_from_usage option_group

lection of
tions that

product_-
n_usage -

s to create

The make_from_usage opfion_group

EXAMPLE 9 - The bar stock product_definition D may also be cut to produce two product_definitions
X and one product_definition T. In this case the corresponding make_from_usage option gr
aggregate the following make_from_usage options, shown in table 2:

bup would

id relating_product_- related_product - quantity
definition definition

2 X D 2

1 T D 1

A single make_from_usage_option instance may be part of multiple make_from_usage option_groups.

11
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EXPRESS specification:

*)
ENTITY make from usage option group;
members : SET [2:?] OF make_from_usage_option;
WHERE
WR1l: SIZEOF (QUERY (example <* members |
example.related product definition
:=: members[l].Eelated_ﬁroduct_definition)) =SIZEOF (members) ;
END_ENTITY;

(*

Attribute définitions:

members: | a collection of make_from_usage_option instances whose relating_product_définition
instances cdn be made from the same related_product_definition.

Formal propositions:

WRI1: All instances of members shall share the same instance of product_definition for their respective
related_prqduct_definition.

4.3.5 assembly component usage

The assemblly component usage relates a constituent to its assembly. The assembly component_usage
entity is a [subtype of the product_definition_usage entity(that establishes a relationship between
product_definitions within one of the following three product structures:

— bill-of{material (BOM) structure;

— parts list structure;

— promispory use structure.
The assemblly_component_usage entity has four subtypes specified in this part of ISO 10303:

— quantified_assembly component usage;

— next_assembly usdge occurrence;

— specified_higher” usage occurrence;

- promis,sory_usage_occurrence.

The quantified_assembly_component_usage represents the relationship between a constituent and an
assembly where, for discrete constituents, several occurrences of the constituent are represented by the
single constituent and a quantity representing the number of occurrences of it. The quantity represents
a unit of measure other than a unitless number for non-discrete constituents. The next_assembly usage -
occurrence represents a relationship between a component and its immediate assembly in a product
structure. The specified_higher_usage occurrence shall be used to represent the explicit relationship

12
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between a descendent component and any ancestor higher-level assembly. The promissory_usage -
occurrence shall be used to represent intended relationships between a lower-level constituent and a
higher-level assembly, when intermediate constituents and their relationships are yet undetermined.

In a BOM structure, product_definition entities represent nodes and next_assembly _usage occurrence
or quantified_assembly_component_usage entities represent links.

In a parts list tree structure, a product_definition entity represents the root node. The next_assembly -
usage occurrence entities represent nodes at each intermediate level of the structure. The specified -
higher usage occurrence entities enable links to higher-levels of the structure.

In a promissory use structure, product_definition entities represent nodes, and premissory_usage -
occurrence entities represent links between the nodes.

NOTE 1- In order to allow for extensions to this entity in other parts of ISO, 10303, the SUPERT|YPE clause
of this entity is only partially explicit. If the subtypes defined in this part of ISO 10303 were [a complete
categorization, the SUPERTYPE clause of this entity could properly read:

SUPERTYPE OF (quantified_assembly component_usage, ANDOR
ONEOF (next_assembly_usage_occurrence,
specified_higher_usage occurrénce,
promissory_usage occurrence))

EXPRESS specification:

*)
ENTITY assembly component_usage
SUPERTYPE OF (ONEOF (next assembly usage occurrence,
specified higher_usage_occurrence,
promissory usage_occurrence))
SUBTYPE OF (product_definition_usage);
reference designator : OPTIONAL identifier;
END_ENTITY;

(*

Attribute definitions:

SELF\product_definition_relationship.relating_product_definition: = an assembly for which the
related_product) definition is its constituent.

SELF\product_definition_relationship.related _product_definition: a constituent for which the
relating._product_definition is its parent assembly.

reference designator: identifier for the assembly component usage in addition to the id attribute

inherited from the product_deﬁnilion_relationship._

NOTE 2- The reference designator attribute may be constrained to be unique by an application protocol.

13
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4.3.6 quantified_assembly component usage

The quantified_assembly_component_usage establishes the relationship between an assembly and one
of its constituents when there is a need to specify the quantity of the child constituent used in the
assembly.

NOTE - Generally, for production planning or material planning purposes, several occurrences of a constituent
are lumped together, and a quantity is specified to account for the several occurrences. A typical example

would be the specifying of an occurrence of a rivet used for joining aeroplane structures and denoting the
number| of such rivets used on the entire aeroplane. If each of the occurrences of the rivets used is to (be

specifi
assem

EXPRESS

, then the next_assembly_usage occurrence entity may be used. As many instances of the next’ -
y_usage occurrence as the number of occurrences of the rivets will exist in this case.

ecification:

*)

ENTITY qu
SUBTYPE
quantit

END ENTIT

(* ~

Attribute de

pntified_assembly component usage
OF (assembly component _usage) ;
4 : measure thh unit;

Y ;

finitions:

SELF\prodyict_definition_relationship.relating_product_definition:

related_pro

SELF\prod
relating_pr.

quantity: a

Informal prg

an assembly for which the
fuct_definition is its constituent, and where the quantity of the constituent is specified.

ct_definition_relationship.related product definition:  a constituent for which the
duct_definition is its parent assembly, and where the quantity of the constituent is specified.

measure of how many or how much-of the constituent is used in the assembly.

positions:

IPI: If q

hantified_assembly_component_usage.quantity.value_component is represented by a

NUMBER

en its value shall be greater than 0.

use of the sgme. constituent may be represented by another distinct next assembly usage occurrence
instance for

NOTES

1 - This position and orientation information is not provided by any of the entities of this part of ISO 10303
but by means of using the appropriate capabilities defined in ISO 10303-42 and ISO 10303-43. The
representation of a constituent occurrence in an assembly may be linked to mechanisms in ISO 10303-42 and
ISO 10303-43 by means of a product_definition_shape entity defined in ISO 10303-41. The position and
orientation of a constituent with respect to its assembly would be computed using a transformation defined
in ISO 10303-43.

14
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2 - An application algorithm can derive an indented parts list for a product by sequentially tracing
through a structure of next_assembly _usage occurrence instances. A similar algorithm can be used
to calculate the position and orientation of each occurrence of every constituent relative to its higher-
level assemblies within a BOM.

3 - When this entity is used to establish the location of a constituent relative to its assembly, it is
referenced by a product_definition_shape entity as defined in ISO 10303-41.

EXPREDD specification:

*)
ENTITY next_assembly usage_occurrence
SUBTYPE OF (assembly component_usage);

END_ENTITY;
( *

Attribute definitions:

SELF\product_definition_relationship.relating_product_definition:© an assembly for which the
related product_definition is its immediate constituent.

SELF\product_definition_relationship.related_product_definition:  a constituent for which the
relating_product_definition is its immediate parent assembly.

4.3.8 specified_higher usage occurrence

The specified_higher usage occurrence spetifies the relationship between a constituent and an assembly
where the assembly is not the immediate parent for the constituent.

If a specified_higher usage occurrence is specified, the entire path between the constituept and the
assembly is also identified using sucéessive instances of specified_higher usage occurrence. Buccessive
instances of specified_highertusage occurrence identify all the intermediate constituent and assembly
relationships that exist betwgen the assembly and its constituent specified by the primary specified -
higher _usage occurrence!

The relationship between the constituent and the assembly of the speciﬁed_higher_usage_occT‘rrence to
be specified iscCaptured by the relationship of the inherited attributes relating_product_definition and
related_product_definition.

higher usage occurrence will respectively specify the next assembly usage occurrence and an
lassembly component usage which together will provide the definition of the path from the ¢onstituent
to the assembly for which the specified_higher usage occurrence is being specified. To ensure that the
next _assembly usage occurrence and theassembly component usage together constitutethe entire path
desired for the specified _higher usage occurrence, it is required that the instance of the related -
product_definition attribute of the assembly component_usage entity referenced by the upper usage
be the same as the instance of the relating_product_definition attribute of the next_assembly usage -
occurrence entity referenced by next_usage. The attribute related_product_definition of the next -
assembly usage occurrence shall be the same instance of the attribute related_product_definition of
the specified_higher_usage occurrence being specified. The attribute relating_product_definition of

The two-attributes (upper_usage and next usage) within the primary instance of the entity jf)eciﬁed_-

15


https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

ISO 10303-44:1994(E) ©ISO
the assembly_component_usage entity referenced by the attribute upper usage shall be the same
instance as the attribute relating_product_definition of the specified_higher usage occurrence being
specified.

If the assembly_component_usage referenced by the attribute upper_usage is not a next_assembly -
usage_occurrence it will be a specified_higher_usage occurrence. This specified_higher usage -
occurrence shall have its attributes upper_usage and next_usage defined as described in the previous
paragraph to specify further the path of the primary specified_higher usage occurrence. This recursive

specificatiof shall continue until the attribute upper_usage references an assembly_component_usage

entity that i$ a next_assembly_usage occurrence. At this point, the primary specified_higher usagé’s
occurrence|is fully specified both in terms of its constituents/assembly relationship and the entirépath
between them.
In order to be able to completely specify a specified_higher usage occurrence allthe necessary
assembly_component_usage instances shall have been defined.
The specified_higher_usage occurrence entity supports the representation of partslist tree structures.
Typically, it is used to define portions of parts lists that contain a specific constituent within an assembly
for which certain properties are to be associated.
NOTE |1 - Annex E contains examples of. this entity and figures which.depict the relationships between it and
the other entities of this schema.

EXPRESS gpecification:

*)
ENTITY specified higher usage occurrence
SUBTYPE| OF (assembly component_usage);
upper_usage assembly component_usage;
next_uspge next assembly usage._occurrence;

UNIQUE
UR1l: upper_usage, next_ usage;
WHERE
WR1l: SELF :<>: upper usage;
WR2: SE[LF\product_ definition _relationship.relating_product_ definition
:=|: upper_usage. relating _product_definition;
WR3: SELF\product definition relatlonshlp related product_definition
:=j: next usage.related product definition;
WR4: upper usage.related product definition :=:
nekt usage relatlng product deflnltlon,
WR5: NO ('PRODUET_STRUCTURE_SCHEMA.PROMISSORY USAGE OCCURRENCE' IN
TYPEOF (upper usage)),
END ENTIT);
(*x =
Attribute definitions:

upper_usage: An assembly_component_usage that is the same instance of the attribute relating_-
product_definition as this specified_higher usage occurrence and the same instance of the attribute
related_product_definition astherelating_product_definition ofthenext_assembly usage occurrence
referenced by the attribute next_usage.

16


https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

®ISO ISO 10303-44:1994(E)

next_usage: A next_assembly_usage occurrence that is the same instance of the attribute related -
product_definition as this specified_higher_usage_occurrence and the same instance of the product
definition referenced by the attribute relating_product_definition as the product definition referenced
by the attribute related_product_definition of the attribute upper_usage.

NOTE 2 - See figure E.6 for diagrams illustrating instances of these two attributes.

SELF\product_definition_relationship.relating_product_definition: the inherited attribute for the

assembly product definition of the specified higher usage—occurrence-

SELF\product_definition_relationship.related_product_definition: the inherited ,attribute for the
constituent product definition of the specified_higher_usage occurrence.

Formal propositions:

URIL: The combination of the upper_usage and next_usage attributes shall’be unique.

WRI1: The instance of specified_higher_usage occurrence shall*not be the same as the instance of
upper_usage.

WR2: Therelating_product_definition (i.e., assembly) ofthespecified_higher usage occurgence shall
be the same instance product definition as relating_product’ definition (i.e., assembly) for the upper -

usage.

(WR3: The related_product_definition (i.e., constituent) of the specified higher_usage og¢currence
shall be the same instance of product definitign as the related_product_definition for the next usage.

WR4: The related_product_definition*(i-e., constituent) for the upper_usage shall be the sanje instance
of product_definition as the relating jproduct_definition (i.e., assembly) for the next_usage.

WRS: The type of the upper_usage attribute shall not be promissory usage occurrence.

4.3.9 promissory (usage occurrence

The promissory _usage occurrence is the intention to use the constituent product_definition in an

sembly productdefinition. It is used when the product structure is not completely defined. In such
Essituation, it~is still possible to relate an assembly to a constituent to capture the intent that the
constituent, will be used.

EXPRESS specification:

b\

U
ENTITY promissory_usage_occurrence
SUBTYPE OF (assembly component_usage);

END ENTITY;
(* ~

17
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Formal Propositions:

URIL: The combination of the base and substitute attributes shall be unique.

WRI1: The value of the relating_product_definition attribute of both the base and the substitute at-

tributes shall be the same; i.e., they should refer to the same assembly product_definition.

WR2: The base and substitute attributes shall not be the same instance.

*)
END_SCHEMA; -- product_structure
(*

5 Product concept schema

The following EXPRESS declaration begins the product_concept_sehema and identifies the
external references.

EXPRESS specification:

*)
SCHEMA product_concept_schema;

REFERENCE FROM support_resource_schema
(text, label, identifier);

REFERENCE FROM application_context schema
(product_concept_context);
( *
NOTE - The schemas referenced above can be found in the following parts of ISO 10303:

support_resource_schema ISO 10303-41
application_context_schema ISO 10303-41

5.1 Introduction

necessary

The subject of the product_concept_schema is the idea of a product as defined by customer peeds, i.e.,

a produet concept. A product concept may exist before a product has been defined. A prody
identifies a selection of product features or capabilities.

522 Fundamental concepts and assumptions

The following characteristics of a product concept are assumed:

ct concept

— A product concept identifies a deliverable product as perceived by the customer. A product

concept is often used to identify a selection of product features or capabilities.

19
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A product concept may be composed of several configuration items (see 6.3.1).

A product concept may exist without a product or product version.

5.3 Product concept schema entity definitions: product concept

The produc

t_concept is the idea of a product as defined by customer needs. The product_concept and

its features may be identified as configuration items to control their manufacture.

NOTE

1 - A product_concept will often correspond to the highest level item(s) manufactured by-an

organization for a customer. It may be characterized by a set of product features identified by the customers

or derny

EXAM

ed from customers’ needs. The definition of product concepts is often driven by marketing.

PLE 10 - If an organization manufactures cars and engines for cars, the cars will be répresented by

produgt_concept instances. If another organization manufactures engines for cars, then the engines will
be reprgsented as product_concept in that organization.
EXPRESS dpecification:
*)
ENTITY prpduct_concept;
id : identifier;
name : label;
description : text;
market rontext : product_concept_context;
UNIQUE
UR1l: id|;
END ENTITy;
(*x =
Attribute definitions:

id: an ident
EXAM
name: a de

description

NOTE
produc

ifier for a product_concept instance.

PLE 11 - The id could be a-sales model number.
scriptive identifier for-product concept.

a text description of the product_concept.

R - This\attnbute can be used to convey the purpose, functionality, and selected features for the
_coneept.

market_con

kext: a market contextin which the product conceptis-defined
-— r N

NOTE 3 - The values for this attribute will be defined in application protocols.

20
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Formal propositions:

URI1: The value of the id attribute shall be unique.

*)
END_SCHEMA; -- product_concept_schema

The following EXPRESS declaration begins the configuration_management_schema and identifies the
necessary references.

EXPRESS specification:
*)
SCHEMA configuration_management_schema;

REFERENCE FROM product_definition_schema
(product_definition formatlon,
product definition _effectivity);

REFERENCE FROM product_property representation_schema
(relatives of product _definitions);

REFERENCE FROM product_concept_schema (product concept);

REFERENCE FROM product_ structurel schema
(product_definition usage);

REFERENCE FROM support_resource schema
(text, label, identifies, bag to_set);
(*

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

product_structure~schema clause 4 of this part of ISO 10303
product_property_representation_schema  1SO 10303-41
product concept_schema clause 5 of this part of ISO 10303
product )definition_schema ISO 10303-41
support_resource_schema ISO 10303-41
effectivity schema ISO 10303-41

6.X Introduction

The subject of the configuration_management_schema is the establishment of the association of
appropriate versions of products to plan the manufacture of products. The product that is planned for
manufacture is referred to as the configuration_item. It is usually visible to customers of the organization
that does the configuration management.

This schema also provides the capability to record the associations established to enable the tracking of
the associations.

21
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The functionality of configuration management is achieved using the entities configuration_item,
configuration_design, and configuration_effectivity.

The configuration management schema of this part of ISO 10303 contains the following concepts:

— The identification of the configuration_items and the respective product_concepts of which they
form a constituent.

— The id

— The agsociation of the appropriate versions of a product to build a configuration item.) This
associatiop is referred to as configuration_effectivity.

— There gre three ways to apply configuration_effectivity. They are:

a) serjal_numbered_effectivity, where the configuration_effectivity is based on*serial numbered
instan¢es of manufactured products.

b) datpd_effectivity, where the configuration_effectivity is based on dates when instances of the
produgt are manufactured.

c) lot [effectivity, where the configuration_effectivity is based on instances of lots of products
manufhctured.

NOTE - The definitions of serial_numbered_effectivity,\dated_effectivity, and lot_effectivity are given
in [[SO 10303-41, clause 21.

6.2 Fungdamental concepts and assumptions
The following are the fundamental concepts related to configuration management:
— Configyration management within(an*organization may be applied to products and parts of products

to be manpfactured by that organization. Configuration of vendor-supplied parts supplied by a vendor
is not included;

EXAMPLE 12 - A specifie’motor is supplied by a vendor. The purchasing organization does not consider
individpial parts of thé/motor for configuration management.

— An orggnizatien~determines which products are to be under its configuration management control.
These profducts ‘become the configuration items of the organization. These are higher-level functional
elements which act as the focal points for managing the effectivity of lower-level constituents.

6.3 Configuration management schema entity definitions

6.3.1 configuration item

A configuration_item is used to manage the composition of constituents for actual units of manufacture.
All configuration management within an organization is done using these configuration_items.
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A configuration_item may be an entire product_concept or some portion thereof.

A configuration_item can be established prior to the existence of a corresponding product_definition_-
formation.

The association between a configuration_item and a corresponding product_definition_formation is
established using a configuration_design.

EXPRESS specification:

*)
ENTITY configuration item;

id : identifier;

name :  label;

description : OPTIONAL text;

item_concept : product_concept;

purpose : OPTIONAL label;
UNIQUE

UR1l: id;

END_ENTITY;
(*

Attribute definitions:

id: an identifier for the configuration item instance.
name: a descriptive identifier for a configuration_item.
description: a text description of the configuration_item.
NOTE - The text description typically identifies the specification and function of the configuration_item.
item_concept: a product eoncept associated with the configuration item.
purpose: a descriptive label providing a reason to create the item_concept.

Formal propositions:

URI1: The\value of the id attribute shall be unique.

6.3.2" configuration_design

The configuration design relates a configuration-controlled item and a product design intended to
implement that item. Thus, the configuration design entity represents the association of a
configuration_item with a product_definition_formation to specify that the corresponding design is for
the specific configuration_item.

NOTE - Organizations establish this association before any actual units are planned and before any details of
the design have been established.
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EXPRESS specification:

*)
ENTITY configuration design;

configuration : configuration_ item;

design : product_definition_ formation;
UNIQUE

UR1l: configuration, design;

END_ENTITY;
‘ *

Attribute dLﬁnitions:

configuratjon: a configuration item which specifies a product_definition_formation as a candidate
for manufagcturing actual units associated with the configuration_item.

design: 4 product_definition_formation representing a design which is a candidate for use in
manufactuiling actual units associated with the configuration attribute.

Formal prdpositions:

URI1: The|combination of the configuration attribute and the design attribute shall be unique.

6.3.3 configuration_effectivity

The configyration_effectivity defines common effectivity attributes for items under configuration control.
The configuration_effectivity entity is used by an organization to specify effectivity of product -

NOTH - Other subtypes of effectivity are defined in ISO 10303-41. An instance of this entity may also be an
instange of either a serial_numered effectivity, a dated_effectivity, or a lot_effectivity.

EXPRESS specification:

*
)
ENTITY configuration effectivity
SUBTYPE OF (product definition_effectivity);
configf@ration’y configuration design;
UNIQUE -
UR1l: configuration,
usage,

id;
WHERE
WR1: SELF\product_definition _effectivity.usage.relating product_definition IN
USEDIN (SELF.configuration.design,
'PRODUCT DEFINITION SCHEMA.' +
'PRODUCT DEFINITION.FORMATION') +
relatives of _product_definitions ( bag_to_set (USEDIN
(SELF.configuration. desxgn,
'PRODUCT DEFINITION SCHEMA.' +
'PRODUCT—DEFINITIONTFORMATION') )
'PRODUCT_STRUCTURE_SCHEMA.' +
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'PRODUCT_DEFINITION_USAGE');
WR2: 'PRODUCT STRUCTURE_ SCHEMA.PRODUCT DEFINITION_USAGE' IN

TYPEOF (SELF\product definition effectivity.usage);
END_ENTITY;

(*

Attribute definitions:

configuration: a configuration design for which the configuration_effectivity is effective.

Formal propositions:

[UR1: The combination of the configuration attribute, the usage attribute, and the identification attribute
shall be unique.

WR1: The usage shall refer to a constituent of the product_definition_formation referenced by the
onfiguration.

WR2: The usage shall be a product_definition_usage.

)

END_SCHEMA; -- configuration_management_schema
*
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Annex A

(normative)

Short names of entities

~

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

Tabie A.1 - Short names of entities

Entity Name Short Name
ALTERNATE PRODUCT_RELATIONSHIP ALPRRL
ASSEMBLY_ COMPONENT USAGE ASCMUS
ASSEMBLY_COMPONENT USAGE _SUBSTITUTE ACUS
CONHIGURATION_DESIGN CNFDSG
CONHIGURATION_EFFECTIVITY CNFEFF
CONIJIGURATION_ITEM CNFITM
MAKE FROM_USAGE OPTION MFUO
MAKE _FROM_USAGE OPTION_GROUP MFUOG
NEXT| ASSEMBLY_USAGE_OCCURRENCE NAUO
PRODUCT_CONCEPT PRDCNC
PRODkJCT_DEFIN ITION_USAGE PRDFUS
PROMISSORY_USAGE_OCCURRENCE PRUSOC
QUANTIFIED_ASSEMBLY_COMPONENT USAGE QACU
SPECIFIED_HIGHER_USAGE OCCURRENCE SHUO
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Annex B

(normative)

Information object registration

B.1 Document identification

n order to provide for unambiguous identification of this International Standard as an informatjon object
n an open system, it is assigned the object identifier

{ iso standard 10303 part(44) version(1) }

[he meaning of this value is defined in ISO/IEC 8824-1 and is further described in ISO 1030B-1.

B.2 Schema identification

SO 10303-1 further describes how ISO/IEC 8824-1 can'be used to identify individual schemgs.
This part of ISO 10303 contains three such schemas, and each is assigned a unique object idgntifier to
provide for unambiguous identification of the schema“in an open information system.
B.2.1 product structure schema.identification

The product_structure_schema (see clause 4) is assigned the object identifier

{ iso standard 10303 pant(44) version(1) object(1) product-structure-schema(l) }
B.2.2 product _concept schema identification

The product_concept.schema (see clause 5) is assigned the object identifier

{ iso'standard 10303 part(44) version(1) object(1) product-concept-schema(2) }

B.2.3 configuration_management schema identification

The eonfiguration_management_schema (see clause 6) is assigned the object identifier

{ iso standard 10303 part(44) version(1) object(1) configuration-management-schema(3) }
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Annex C

(informative)
Computer-interpretable listings
This annex provides a listing of the short names with their corresponding entity names and EXPRESS

constructs specified in this part of ISO 10303. No text or annotation is included. This annex is provided
only in computer-interpretable form.

NOTE - The information provided in computer-interpretable form is informative; the normative text is that
contained in the body of this part of ISO 10303.
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Annex D

(informative)
Graphical model representations

The EXPRESS-G representation for the schemas defined in subclauses 4 through 6 of this part of ISO
10303 are provided in the following figures.
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Figure D.1: product_structure_schema - EXPRESS-G diagram 1 of 1
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_concept
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Figure D.2: product_coneept_schema - EXPRESS-G diagram 1 of 1

31


https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

ISO 10303-44:1994(E)

32

®ISO

product_definition_schema. I product_concept_schema.
product_formation product_concept
| = — | LY l
Tjiwign Tltem_conccpt
configuration configuration configuration i o
_design _item name o
configuration : L. - Gescription -0
Lo e Ll 6
configuration
_effectivity

Figure D.3: configuration_management_schema - EXPRESS-G diagram 1 of 1



https://standardsiso.com/api/?name=867e1be7bcab3227a59d337545566dfd

®ISO ISO 10303-44

Annex E

(informative)

Examples

E.1 Introduction

:1994(E)

Broduct structure reports are used by industry to describe the composition and structure of a
(}]/[ost products are assembled from other assemblies and components. A product structure report
etails about what subassemblies and components are used.

NOTE - See definitions in clause 3.

[l

h this annex, examples of product structure reports are provided. InCaddition, the possible u
plart of ISO 10303 to generate these reports is outlined. The focus is.on the product_structure|

.2 Example of a mechanical assembly product

~Ip this section, a hypothetical mechanical assembly product called the "part 44 example pr

product.
provides

se of this
schema.

pbduct" is

escribed, both in diagrams and in words. This assembly forms the basis for explaining different types

f product structure reports, e.g., BOM and\parts list, in the next section. This product is
sing the various entities defined earlier in-this part of ISO 10303. See figure E.1 for the 3D
f the "part 44 example product”, and-figure E.2 for a diagrammatic representation of thg
sfructure.

he "part 44 example produet" represents a simple mechanical assembly consisting of thr
nstituents: a large metal-plate forming the base for attaching two identical L-bracket assembli

modelled
drawing
product

ee major
es. Each

( the two L-bracket assemblies is bolted to the base using three nuts and bolts and using three holes

rilled into the plateC-The L-brackets themselves have a hole drilled in them to support a rod
which consists of @-threaded rod and nuts attached at each end of the rod. The nuts used on the]
rpd and in the-D-bracket assembly are of the same size. This product design has a structure g
of a number;of assemblies, some of which also contain assemblies, i.e., sub-assemblies, as
umber of.individual components.

o}

assembly
threaded
onsisting
well as a

E3—Examples-of produet-strueturereports———m—————————

Product structure reports can decompose an assembly to many levels of details. The details can cover

the degree of decomposition, the quantities of subassemblies and components used, the pos

ition and

orientation of the subassemblies and components, and the products used to make other products. The

levels of detail include:
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Figure E.1 - Part 44 example product

— degree of decomposition;

a) single-level: a single assembly and its immediate constituent sub-assemblies or components;

b) multi-level: one or moré assemblies in which at least one subassembly is further decomposed;.

— type of decomposition;

a) extended: where the products used to make one or more components are identified;

b) exploded: one assembly that is decomposed one level at a time with all subassemblies
described ultimately in terms of their components;

c) flattened: one assembly described in terms of its components; no subassemblies are described;

d) numeric: for a given level of decomposition, each subassembly and component is described
only once with its quantity or amount;

e) occurrence: for a given level of decomposition, every subassembly and component is
described, even if it is identical with another subassembly or component;
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art 44 example product.

Rod asserbly.

NBA. NBA.

L-bracket. L bracket.
Nut. Rod.

Abbreviations
LBA L-bracket
Nut. Bolt. Nut. Bolt. assembly

NBA Nut-bolt
assembly

Figure E.2 - Part 44 example product: graphical product structure

f) labelled occurrence: an océurrence decomposition in which each subassembly and cqmponent
is labelled;

g) positioned: each)constituent is associated with its position and orientation relatiye to the
coordinate system of its immediate assembly.

— style of decomposition: each level of decomposition may be indented with respect to the|previous
level.

wsl

xamples©f, typical reports having a mixture of the characteristics enumerated above are now presented

sing the“part 44 example product”.

=1

K ort
Each assembly, subassembly, and component is placed on a new line. A numeric value, indicating the
count or amount of the constituent, may be present. The nesting of the levels is indicated by indentation.
Constituents at the same level have the same indentation. This report shows that the "part 44 example
product” has two L-bracket assembly units and that each unit contains three nut-bolt assemblies. The rod
assembly contains two nuts and a rod.
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Part 44 Example Product
Plate
L-bracket assembly (2)
L-bracket
Nut-bolt assembly (3)
Nut
Bolt
Rod-assembly
od
ut (2)

E.3.2 Example: A labelled occurrence, multi-level, indented product structure
report

In this report, the structure is decomposed to the lowest level of the product structure. A label is
assigned ti each subassembly and component, down to the lowest level, e.g., Nuf-1-1. With this form,
all subassgmblies and components can be referenced uniquely within the complete product structure and
can be disfinguished from one another. One can retrieve Nut-2-1 (the first put on the second L-bracket
assembly)|and differentiate it from Nut-rod-2 (the second nut on the rod<assembly.)

Part 44 Example Product

Platet1: Plate

L-br3cket-assembly-1: L-bracket assembly
I{-bracket-1-1: L-bracket
Nut-bolt-assembly-1-1: Nut-bolt assembly
Nut-1-1: Nut
Bolt-1-1: Bolt
(ut-bolt-assembly-1-2: Nut-bolt assembly
Nut-1-2: Nut
Bolt-1-2: Bolt
Nut-bolt-assembly-1-3: Nut-bolt ‘assembly
Nut-1-3: Nut
Bolt-1-3: Bolt
L-bracket-assembly-2: Lbracket assembly
I{-bracket-2-1: L-bracket
Nut-bolt-assembly-2-1: Nut-bolt assembly
Nut-2-1; Nut
Bolt-2-1x/Bolt
Nut-bolt-assembly-2-2: Nut-bolt assembly
Nut-2-2: Nut

.4

Nut-bolt-assembly-2-3: Nut-bolt assembly
Nut-2-3: Nut
Bolt-2-3: Bolt
Rod-assembly-1: Rod-assembly
Rod-1: Rod
Nut-Rod-1: Nut
Nut-Rod-2: Nut
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E.3.3 Example: A numeric, multi-level, indented, extended product structure
report

This report includes the number of each constituent. This report is extended because it references the
product from which some of the components are made; e.g., the sheet metal used to make the plate.

Part 44 Example Product
Plate

[

Il

w

—
=

E

T
as

Sheet metal
L-bracket assembly (2)
L-bracket
Sheet metal
Nut-bolt assembly (3)
Nut
Bolt
Rod-assembly
Rod
Bar stock
Nut (2)

.4 BOM and parts list data structures

order for a compliant application to generate the information normally expected in the various

product

t]:'ucture reports in the last section, it will need the information to be represented in data strucfures for
y

sical storage. This example introduces two data structures that may be used to reprepent this
formation. They are the BOM datasstructure and the Parts List data structure, which are d¢fined in

4.1 and E.4.2.

4.1 BOM data structure

he BOM data structure js used to represent the assembly aspects of product structure. It repre;
sembly structure by using only the product_definition and product_definition_usage entities,

0
N
S

a|nut and-this single entity represents all eight bolts. (See figure E.3)

e instance of a-single product definition is included for each kind of product that participat
cture. Although there are eight nuts specified in the "part 44 example product" above, the B
cture representing this structure would only have one product_definition entity instance repf

¢-BOM data structure does support the representation of multiple relationships between two

sents the
and only
s in the
DM data
esenting

specific

product_definitions. This representationuses multiple product_definition_usage entities whose attributes
point to the two instances of product_definitions. To indicate that there are three nut-bolt assemblies
in the "part 44 example product”, the data structure holds only one instance of the nut-bolt assembly, but
three product_definition_usage entity instances connecting this one instance to the parent assembly.

A ramification of this BOM data structure is that each product_ definition entity’s components are
indistinguishable within any assembly which includes it. Thus, although the L-bracket assembly contains
three nut-bolt assemblies, each in turn containing a nut and a bolt, there is no way to distinguish any of
the individual bolts or nuts within the L-bracket assembly.
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art 44 example product.

L-bracket assembly.

Rod assembly.

Nut-bolt assexibly.

L bracket.

Rod.

Nut.  Bolt.
Figure E.3 - BOM data structure for Part 44 example product

E.4.2 Parts list data structure

The parts list data structure individualizes the relationship between lower-level parts of the product
structure with higher-level assemblies in which they are'€ontained.

This identffication uses multiple instances of the.same product within the data structure at a single time.
When thefe are two L-bracket assemblies within the "part 44 example product”, the parts list data
structure would include two different L-bracket instances which then permits the unique identification of
the respecfive components of the L-bracket assemblies within the context of the overall "part 44 example
product”. | This parts list data structure,can be seen in figure E.4, where the L-bracket assemblies, and
the nut-bo|t assemblies are individually represented.

E.5 Representation of product structure data structures using Part 44 entities

BOM and parts list data structures are mapped into a combination of product_definition, and product_-
definition | usage (or subtypes) entities. For pure BOM data structures, only the quantlfied _assembly -
componen ence —option btypes
product_ definition usage need to be used, since the lower level components are used only as "black
boxes" to the parent assembly component. The "part 44 example product” does have two L-bracket
assemblies, but from a BOM data structure point of view, both of these L-bracket assemblies are the same
and it is not possible to distinguish their internal structure.

See figure E.5 for a subset of the BOM data structure. Figure E.5 and figure E.6 define the symbology
for the entities in this part of ISO 10303 which is used for the remainder of the figures in this annex.
Rectangles represent the product_definition entities, and circles represent entities whose type is some
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art 44 example product.

L-bracket. L-bracket.
A A. A A
A Nat.  Nut. *Rod

Nut. Bolt. Nut. Bolt. Nut. Bolt. Nut. Bolt. Nut. Bolt. Nut Bolt. Abbreviations
LBA L-bracket
assembly

NBA Nut-bolt
assembly

Figure E.4 - Parts list data structure for.Part 44 example product

suptype of the product_definition_usage entity..The circles are labelled with the first lettef of the
specific subtype. In figure E.5, there are instanéés of both the next_assembly usage occurrende (label
is|"N") and make_from_usage_option (label is "M") subtypes of product_definition_usage.

Fqr parts list data structures, however{ the additional specified_higher usage occurrence subtype of
prioduct_definition_usage is used in order to make explicit the specific usage of a particular lower-level
component within the overall context of a higher assembly. A parts list data structure can spegifically
identify a sub-component of alower assembly as distinguished from a similar sub-component of [another
lopver assembly. This is possible because of the additional context information that is provided by the
specified_higher_usage_occurrence subtypeofproduct_definition_usage, i.e., which specificimmediate
parent assembly and which specific top-level assembly. For instance, it is possible to identify thg bolt on
the third nut-bolt-assembly of the second L-bracket assembly.

In|figure E.6,(the additional information needed to represent the parts list data structure is repfesented
by the additional subtype of product_definition_usage, namely the specified_higher_usage occlirrence
enfityy répresented symbolically by the circle with label "S". Here, the specified_higher usage -
ocpurrence entity allows us to reference one specific nut-bolt assembly on only one of the two Libracket
assemblies. This 1s accomplished by having the specified_higher_usage occurrence entity relate to only
one of the two usages of the L-bracket assembly as represented by the next_assembly usage occurrence
entity.

Note that even though the parts list data structure is implemented using the entities of this part of ISO
10303, it is done without having to create individual instances of the lower-level components. Rather,
the additional identifying information is supplied through the existence of the intermediate specified -
higher_usage occurrence and next_assembly usage occurrence entities. Figure E.7 presents the
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Part 44 example
product

Key:
Plate. LBA.

= Product. definition
@ =next_asSernibly
us age_occun’ence
@ = make” from__
ysage_option
LBA) '=L-bracket assembly

Sheet metal. NBA. NBA  =Nutbolt assembly

complete odel for the "part 44 example produtt”in a BOM data structure using this part of ISO 10303.
Note that individual next_assembly usage octurrence entities connect the multiple uses of a component
within a hjgher assembly, rather than using only the count attribute of a single next_assembly usage -
occurrencp entity.

In figure B

Bolts, Assemblies) is presented within the context of higher-level assemblies as they would be represented
using the pntities of this¢part of 1ISO 10303 entity. In each of these figures, the original BOM data

structure i

of the examples are-placed outside the box, with their attributes referencing the original BOM.

In particu

Figure E.5 - BOM data structure examples using Part 44 entities

.9, figure E.9 and figure E.9, the representation of a number of lower-level components (Nuts,

included within the large box; the additional entities needed to support the parts list aspects

ar,<figure E.9 highlights the use of a specified_higher_usage occurrence entity which

represents how the Rod is used within the "part 44 example product” as specifically included in a Rod

Assembly entity. This is an example of a two-level component inclusion and as such, both the upper

and next attributes of the specified_higher usage occurrence entity refer to next_assembly usage -

occurrence components in the BOM structure.

In figure E
entities, lo

.9, two different cases are represented. In one case, two specified_higher usage occurrence
cated towards the top of the diagram, are included to represent the two nuts which are

specifically used within the Rod assembly part of the "part 44 example product”. Note that the extra
relationship lines to the top-level "part 44 example product" definition and the low-level Nut definition
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