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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

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

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

International Standard ISO 10303-209 was prepared by Technical Committee ISO/TC 184,
Industrial automation systems and integration, Subcommittee SC 4, Industrial data.

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

Each part of this International Standard is a member of one of the following series:  description methods,
implementation methods, conformance testing methodology and framework, integrated generic resources,
integration application resources, application protocols, abstract tests suites, application interpreted
constructs, and application modules.

This part is a member of the application protocol series.

A complete list of parts of ISO 10303 is available from the Internet:

<http://www.nist.gov/sc4/editing/step/titles/>.

Annexes A, B, C, D, and E form a normative part of this part of ISO 10303.  Annexes F, G, H, J, and K
are for information only.
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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 products throughout
their life cycle.  This mechanism  makes it suitable not only for neutral file exchange, but also as a basis
for implementing and sharing product databases, and as a basis for archiving.

This part of ISO 10303 is a member of the application protocol series.  This part of ISO 10303 specifies
an application protocol (AP) for the exchange of computer-interpretable composite and metallic
structural product definitions, including product shape, associated finite element analysis (FEA) models
and analysis results, and the material properties of these products.

The shape of a composite or metallic product definition includes the part and its constituents, including
any ply shapes necessary for FEA node and mesh generation of boundary definitions. This information
is suitable for the automated generation of composite material properties and geometric properties for
finite elements. The shape definitions for design and analysis are each independently configuration
controlled.

The finite element model idealizes a product or aspects of a product so that it may be analyzed to validate
the structural performance and structural integrity of a product.

Finite elements of homogenous (isotropic) metallic and adhesive material properties are treated in this
part of ISO 10303 as a subset of anisotropic composite material response. The differences between these
two material response idealizations are: 1) a simplified material response, and 2) having no associated
composite constituent information.

Assembly information provides the relationships necessary to identify analysis boundary conditions, and
when combined with part geometry, topology, and finite element analysis output, provides the input
necessary for detail analyses such as those for fastened structural joints.

This part of ISO 10303 satisfies the need for exchange of information between the iterative design and
analysis stages of the product life cycle. Product configuration information provides the audit trail
necessary to control the designed shape, its associated finite element model, and any related analysis
shape information during these iterative stages of the product life cycle.

This application protocol defines the context, scope, and information requirements for the exchange of
the information necessary to perform the design through analysis stages of the life cycle of composite
and metallic structural parts, and specifies the integrated resources necessary to satisfy these
requirements.

Application protocols provide the basis for developing implementations of ISO 10303 and abstract test
suites for the conformance testing of AP implementations.

Clause 1 defines the scope of the application protocol and summarizes the functionality and data covered
by the AP. Clause 3 lists the words defined in this part of ISO 10303 and gives pointers to words defined
elsewhere. An application activity model that is the basis for the definition of the scope is provided in
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annex F. The information requirements of the application are specified in clause 4 using terminology
appropriate to the application. A graphical representation of the information requirements, referred to
as the application reference model, is given in annex G.

Resource constructs are interpreted to meet the information requirements. This interpretation produces
the application interpreted model (AIM). This interpretation, given in 5.1, shows the correspondence
between the information requirements and the AIM. The short listing of the AIM specifies the interface
to the integrated resources and is given in 5.2. Note that the definitions and EXPRESS provided in the
integrated resources for constructs used in the AIM may include select list items and subtypes which are
not imported into the AIM. The expanded listing given in annex A contains the complete EXPRESS for
the AIM without annotation. A graphical representation of the AIM is given in annex H. Additional
requirements for specific implementation methods are given in annex C.

Additionally, this application protocol enumerates the conformance requirements which identify the
implementation options for the abstract test suite. This application protocol may be implemented as a
whole, or as one of the allowed conformance classes. These conformance classes state the
implementation options for the representation of finite element analysis models, controls and results,
analysis reports, geometric models, composite material constituents and their representations, materials,
and configuration control.

A high level planning information model for this application protocol is shown in Figure 1. At this level,
the product can be conceptualized as a part that has both design and analysis product definitions. Each
definition has one or more shape representations. The analysis product definition has an associated finite
element model, analysis controls, and analysis results in addition to its shape representations.

The three possible product shape representations in this application protocol include the nominal design
shape, an idealized analysis shape, and a finite element model node shape. The nominal design shape
includes geometry and topology for the part and its constituents, such as ply boundaries. The idealized
analysis shape includes only the geometry and topology for mesh generation boundaries and associated
node geometry. The node shape includes only the node geometry, with no association to design shape
or to analysis idealized shape.

The five types of geometric and topological models that may be used to represent part shape in this
application protocol are: wireframe and surface without topology, wireframe geometry with topology,
manifold surfaces with topology, faceted boundary representation, and advanced boundary
representation.

The finite element analysis model consists of nodes, elements, and the associated element properties. The
finite element properties include shape aspects and material properties.

The finite element analysis material properties are specified with respect to an environment. The material
response matrices of the material properties may have an associated laminate table. The laminate table
specifies the constituents, such as plies in a laminate. Each constituent has a boundary, stock material,
and specifications. A separate geometric representation is used for composite material constituent
representations.
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Figure 1 - Data planning model
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The finite element analysis controls and results are associated with a finite element model. The analysis
controls specify the operations to be carried out upon the model as a series of analysis steps. The analysis
results specify the state of the analysis variables at an instant in time. The state information includes
nodal solution variables such as deflections, the field variables within the elements, and the values of
constraints at a node. An analysis report of the finite analysis results may be presented in tabular and
graphical form. The analysis report also documents the detail analyses upon which the finite element
analysis results are based.This docum
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INTERNATIONAL STANDARD ISO 10303-209:2001(E)

Industrial automation systems and integration — 
Product data representation and exchange —
Part 209: 
Application protocol: Composite and metallic structural
analysis and related design

1  Scope

This part of ISO 10303 specifies the use of integrated resources necessary for the scope and information
requirements for the analysis and related design of composite and metallic structural parts. This part of
ISO 10303 satisfies the need for the exchange of computer-interpretable composite and metallic
structural product definitions, including product shape, associated finite element analysis (FEA) models,
material properties, and analysis results.

NOTE  The application activity model (AAM) in annex F provides a graphical representation of the processes and
information flows which are the basis for the definition of the scope of this part of ISO 10303.

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

— the definition of composite structural parts;

— the definition of metallic structural parts;

— linear static finite element analysis;

— linear modes and frequencies finite element analysis;

— the product definition and configuration control information pertaining to the design through analysis
     stages of a product's development;

— the information relating the part to the adjoining components in an assembly by either explicit or   
     external reference;

— the 2D and 3D models depicting the product shape;

— the five types of geometric and topologic model representations:

—  wireframe and surface without topology;

—  wireframe geometry with topology;
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—  manifold surfaces with topology;

—  faceted boundary representation;

—  advanced boundary representation.

— the representations for design and analysis disciplines and the association of nominal design shape,
     idealized analysis shape, and finite element node shape representations;

— the association of the constituents of composite and metallic parts with the constituent shape model;

— the depiction of composite laminate tables describing the material, stacking sequence, ply orientation,
     and constituents of the composite or a portion of the composite with a defined shape;

— the identification of material specifications from internal and external sources and their properties for
     a specific operating environment;

— the finite element analysis model, analysis controls, and analysis results information;

— the plane stress and simple plane strain types of linear static and linear modes and frequencies finite
     element structural analyses;

— the graphical presentation of:

—  finite element model maps;

—  analysis output information displays on top of the finite element model mesh;

—  line drawings or images which document the part aspects subjected to detail analysis.

— the tabular presentation of the analysis assumptions, loadings, and critical locations in finite element
     and detail analysis performed for the assessment of the margin of safety;

— the administrative information necessary to track the approval and configuration control of the design
    and analysis of a product at a point in the life cycle when approval and configuration control are     
    necessary;

—- the identification of the supplier of a product, design, or analysis and, where required by an          
    organization, the qualification information for the supplier;

— a change to a design and an analysis, including information to identify the change, at a point in the
     life cycle when tracking a change is necessary;

— the identification, when required, of the contract under which a design is developed and an analysis
     is performed;

— the identification of the security classification of a part;
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— the explicit representation of a bill-of-material.

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

— the business information for the management of a design and analysis project;

— the product definition and configuration control information pertaining to any information other than
     that necessary for design and analysis;

— alternate representation of the information by disciplines outside of design and analysis such as     
manufacturing;

— the use of constructive solid geometry for the representation of the shape of the product;

— the other types of finite element analysis beyond linear analysis, such as non-linear static analysis;

— the explicit graphical presentations derivable from design or analysis product representations;

— the composite fabrication process information;

— the product definition of initial or in-process part shapes.

2  Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of ISO 10303. For dated references, subsequent amendments to, or revisions
of, any of these publications do not apply.  However,  parties to agreements based on this part of
ISO 10303 are encouraged to investigate the possibility of applying the most recent editions of the
normative documents indicated below. For undated references, the latest edition of the normative
document referred to applies. Members of ISO and IEC maintain registers of currently valid
International Standards.

ISO 31:1992, Quantities and units

ISO 1000:1992, SI units and recommendations for the use of their multiples and of certain other units

ISO/IEC 8824-1:1998, Information technology - Abstract Syntax Notation One (ASN.1): Specification
of basic notation

ISO 10303-1:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 1: Overview and fundamental principles

ISO 10303-11:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 11: Description methods: The EXPRESS language reference manual
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ISO 10303-21:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 21: Clear text encoding of the exchange structure

ISO 10303-31:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 31: Conformance testing methodology and framework: General concepts

ISO 10303-41:1994, Industrial automation systems and integration - Product data representation and
exchange - 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

ISO 10303-44:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 44: Integrated generic resources: Product structure configuration

ISO 10303-45:1998, Industrial automation systems and integration - Product data representation and
exchange - Part 45: Integrated generic resource: Materials

ISO 10303-47:1997, Industrial automation systems and integration - Product data representation and
exchange - Part 47: Integrated generic resource: Shape variation tolerances

ISO 10303-104:2000 Industrial automation systems and integration - Product data representation and
exchange - Part 104: Integrated application resource: Finite element analysis

ISO 10303-501:2000 Industrial automation systems and integration - Product data representation and
exchange - Part 501: Application interpreted construct: Edge-based wireframe

ISO 10303-502:2000 Industrial automation systems and integration - Product data representation and
exchange - Part 502: Application interpreted construct: Shell-based wireframe

ISO 10303-507:2001 Industrial automation systems and integration - Product data representation and
exchange - Part 507: Application interpreted construct: Geometrically bounded surface

ISO 10303-509:2001 Industrial automation systems and integration - Product data representation and
exchange - Part 509: Application interpreted construct: Manifold surface

ISO 10303-510:2000 Industrial automation systems and integration - Product data representation and
exchange - Part 510: Application interpreted construct: Geometrically bounded wireframe

ISO 10303-512:1999 Industrial automation systems and integration - Product data representation and
exchange - Part 512: Application interpreted construct: Faceted boundary representation

ISO 10303-514:1999 Industrial automation systems and integration - Product data representation and
exchange - Part 514: Application interpreted construct: Advanced boundary representation
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