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Preface

This document describes the recommended structure and the attribute qualifications in building data models
based on the EXPRESS enttes, types, and rules in the STEP AP &i®
(multidisciplinary analysisand design) schema. Sections 2.1 through 2.8 of this document dealing with
configuration control and shape representations are based on the corresponding sections in the
ARecommended Practices for AP 2 adlitonatldocumatseanet publ
available to clarify aspects of AP 209 eu#t covered in this document such@mometric Founding in ISO

10303209 RevC an€CAx-IF Recommended Practics Composite Materials V 3.0 dated 2016

Please direct questions relating to this docunent t

Keith A. Hunten Email: KAHunten@gmailcom)






1. Introduction

ISO 10303209 ed2 Application Protocol: MultidisciplinaryAnalysis and Design, provides the data
structures for the exchange of part and configuration identification with configuration control data with or
without associated 3D part model information. This international standard was developed under the
auspices of the Intertianal Organization for Standardization (ISO) and is one of a series of parts
comprising the full STandard for the Exchange of Product model data (STEP) standard known as ISO
10303.

The Recommended Practices document has been prepared as a usage mugdstifipr This document
assumes that the reader has at least a rudimentary knowledge of both &B220% its associated
application domain. The figures in this document are intended to provide a navigational view of portions
of the AP with boxes reprenting entities, lines being relationships, and arrow heads indicating the pointer
direction.

As previously stated, AR09 ed2is but one part of the entire ISO 10303 product data standard. It was
developed to represent one domain which is describesl sadipe sectiohe second edition expands this
domain to encompass a broader set of engineering analyses and analysis Me¢haislysis types in AP

209 ed?2 include a generic engineering analysis core coveringbraest and meshless analyses, a fgener
meshbased numerical analysis and computational fluid dyna(@é®) capability. However, th&.0

version of this Recommended Practices document covers only the classical Finite Element capabilities
initially covered in ed1 and is centered on the desighanalysis phase of composite and metallic structural
parts.

AP 209ed2does not present configuration management of a product throughout its entire life cycle. As
STEP evolves, other APs (currently under development or propesiedarry the data ilAP 209 ed2
forward through the product life cycle.

This document will provide prend posfprocessor recommendations where attributes from the conceptual
STEP data models may nattually have values in the ARD9 ed2application domain. The terms pre
processor and pasgtrocessor refer to the applications that write and read the ABd2@fxta respectively.

In these recommendations, the term 6éno standard
ARM-to-AlIM mapping table for the data.

AP 2 ed2has beendrmonized completely with AP 24Rlanaged Modebased 3D Engineerifghat is
anintersection otherequirements oAP 203 (Configuration Controlled 3D Design of Mechanicard
and Assembliey and AP 214(Core Data for Automotive Mechaal Design ProcessesThe modular
STEParchitecture enablegpplicationmodules to be reused. In this fashion, 20® ed2includesall the
AP 242 ed2 modules arnid a superset of AP42 ed2.

2. Using AP 209%ed?2

This section describes how AB9ed2is intended to be used. The sole purpose of this section is to present
the flow of the everyday engineering actions put forth in the AR@QActivity model using the application
terms of the reference model tied to the constructs in the interpreted modaledtivn will establish limits

on some of the data constructs that are not constrained in the Application Interpreted Model (AIM) of the
Application Protocol (AP).



2.1. General

In using AP 20®d2 there are some constructs that have global applicadnlitss all data in the exchange.
These constructs relate to the file header for physical file exchanges, data definitions within the file related
to the AP itself, and fundamental constructs that contain the information for people, organizations, dates,
times, approvals, security classifications, and units of measure.

2.1.1. The STEP Physical File

At present, the standard way to externalize AP&flata is via a physical file that is an ASCII encoding
of the data based on the EXPRESS constructs in APed@%s mapped through ISO 10323. The
file_schema.schemaddentifiers attribute in the header section of an AP 202physical file fall have
the string 6AP209_MULTIDISCIPLINARY _ANALYSIS_AND DESIGN MIM_LF6 as the only
element in the list. The user isferred to ISO parts 10343 for definitions of EXPRESS constructs and
1030321 for information on how to map the EXPRESS constructs in AR@Rf the physical file.

Postprocessor Recommendations?ostprocessors should note all errors found during the reading of the
file. It is recommended that pegtocessors provide options to the user on whether to continue when an
error is encountered. There are no recommendations on whatprgoesssor shdd do with erroneous

data. This is left to the discretion of the implementor. If the implementor elects to correct erroneous data,
the postprocessor should inform the user (as above) of the bad data and what correction was made.

2.1.2. AP ldentification and Contexts

STEP is an intelligent data standard and as such the representation of the data for an AP identifies the AP
data structure through computgnsible data. This is done through the ent#jgsication_context and
application_protocol_definition. These entities and related context elements are shdviguirel.

The application_context entity identifies the application that defines the data. apy@ication attribute,
based on its definition in 1ISO 103@3, should have the valu6AP209 MULTIDISCIPLINARY _
ANALYSIS AND DESIGN_MIM_LP as this is the application domain AP 281f2is meant to cover.

Theapplication_protocol_definition entity further identifies the AP. For AP 2662 thestatusattribute,
based on its definition in ISO 103€3, should have the valu@nternational standard 0. The
application_interpreted_model schemaname attribute should have the valuebAP209
MULTIDISCIPLINARY _ANALYSIS AND DESIGN_MIM_LF and theapplication_protocol_year
attribute should have the vald€014 6, based on their definitions in ISO 10303.

The application identified by thegoplication_contextentity is broken down into elements in STEP. In AP
209ed? these elements are context entities. For AReg@%he valid context entities apeoduct_context,
product_definition_context, andproduct_concept context

The product_context entity identifies from what engineering discipline's point of view the data is being
presented. This entity will establish the viewing perspective and therefore the requirements source for
product entities that are defined in Sections 2.8.1.1 and 2.9.1.1.

The product_definition _context entity identifies the life cycle stage or maturity of the data being
presented. For AP 208d2 the value of thdife_cycle stageattribute is restricted to b@DESIGND or

2



OANALYSISG. This restriction is enforced throughe restrict_product_definition_context rule in AP
209ed2 Theproduct_definition _contextentities will establish the viewing perspective and therefore the
requirements source foroduct_definition entities that are defined in Sections 2.8.1.8 219.1.4.

Theproduct_concept context entity identifies what market segment or customers provided requirements
for the data. This entity will establish the source of the requiremenpsdduct_conceptentities that are
defined in Section 2.8.14.

Pre-processor RecommendationsThere is no standard mapping for theme attribute forproduct_
context, product_definition _context, andproduct_concept context Therefore, it is recommended that
this attribute contain a null string as minimal conterdryy appropriate or mutuatggreedupon string.

Postprocessor RecommendationsSince there is no standard mapping for tteame attribute for
product_context, product_definition_context, andproduct_concept context, it is recommended that
postprocessors not assign any processing significance to this value.

2.2. People and Organizations

AP 209ed2represents people and organizations as they perform functions related to other data and data
relationships. In general, person will exist in the context ofsomeorganization. A personin an
organization is then associated to the data or data relationship in some role indicating the function being
performed. AP 20@d2does allow for a person to exist independent of an organization.

Both people and organizatis have addresses associated with them. This is done throagldtéssentity
being related to theperson (through personal addresg or organization (through organizational
address.

2.2.1. People

AP 209ed2specifies information about people through preesonentity. A personis identified by arid

with other data representing their name and, optionally, titles that may apply to them. In populating the
data, thed must be unique. This is typically not a problem when the person is taken in the coateneof
specific group such as a company or even country. In these instances, there are typically identifying
numbers assigned to people. If the data being assembled is for worldwide consumpitmuise be

unique in that domain.

Pre-processor Recommenadtions: All pre-processors should provide values for at leastdbename
andfirst_nameattributes for th@ersonentity in order to provide a sense of meaning tadhagtribute.

In cases where uniqueness ofithattribute may be a problem, ppeocessors should prefix tigeattribute

with theorganization id (as described in the following section) followed by a comma. For example, if the
organizationidv al ue wer e 0 U SAsoRidBwedrded Galnldctiialhkdae,of thpérson
idwoul d be 6USA,93699,111111606.

2.2.2. Organizations

AP 209ed2represents groups of people (e.g., companies, countries, etc.) throoghathization entity.
The identification ond data is optional. This information can be higiMyportant in providing unique
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identification to the organization or company. It is recommended that this field always be populated with
unique data. Th@ame attribute must contain a short identifier or acronym for dhganization. The
description attribute may contain the full name of the organization or a textual explanation its reason for
existence.

Pre-processor RecommendationsAll pre-processors should provide a unigasyanization id to

eliminate ambiguities where organizations may have the samea If the intended domain for the data

is large, the reader is referred to ISO/IEC 8824vhich can provide some guidance on creating unique
identifiers. A unique string obtained under ISO/IEC 882¢an be used as or prefixed to the organization

ideni f i er . For exampl e, if the organization typical
were O6USAOG, t heorganzdtanawovdldubdeod USHe 9369906

Postprocessor RecommendationsAll post-processors should make use of any fghed information in
theid attribute to eliminate ambiguities whesgganizations may have the same name.

2.2.3. Roles

The connection of people to organizations is accomplished througletb@n and_organization entity.

It is used to identify approvers foifférent aspects of the product data. It is also related to certain constructs

to identify the people and organizations responsible for them and how they are responsible. This is done
through theapplied_person and_organization_assignmententity that elates a person and organization

in some role to an entity. The role is established inpthieson and_organization _role entity name
attribute. The sections that describe the use of the entity tha¢itben and organizationis_assignedto

will identify the allowed values for theame attribute of theperson and_organization_role entity. The
applied_organization_assignmentandorganization_role entities shall be used to relate the organization

in some role to an entity if person and orgatibn exist independently.

2.3. Dates and Times
AP 209 ed2 represents dates and times to record when something occurred. In industry today, this is

normally done with a date. AP 2@@i2allows the use of either a date, or both a date and a time for all
evens.

2.3.1. Dates
AP 209ed2provides three different ways to represediage. All of these are documented in ISO 10303
41. This may require multiple conversions of the data depending on the date type received and the date type

used by the organization.

Pre-processor Recommendationstt is recommended that pprocessors usealendar_date for date
data.

Postprocessor RecommendationsPostprocessors must be able to process all forntatdin AP 209
ed2



2.3.2. Time

AP 209ed2represents time through the entibgal time. Thelocal time entity references a time zone
identification through thezone attribute. The referred te@oordinated universal time_offset entity
identifies the delta from the current time zone to coordinated universal time. For Add2Z08pplication
domain, this should be considered the delta in hours and minutes between Greenwich Mean Time (GMT)
and the local time zone.

NOTE - Coordinaed Universal Time is NOT exactly Greenwich Mean Time (GMT). The hour and minute
offset is the same, but the second offset varies due to seasonal variations in the earth's axis orientation. The
difference between GMT and coordinated universal time is@orther of .05 seconds, which has essentially

no effect in a configuration management (AP 2d9 application.

Pre-processor RecommendationsAll pre-processors should use noon in the originating time zone as a
default forlocal_time when this data isnavailable. All preprocessors should view Greenwich Mean Time
and coordinated universal time as equal.

2.3.3. Roles

The connection of dates to times is accomplished througtiatiegeand_time entity. It is used to identify

when approval occurred for differeaspects of the product data. It is also related to certain constructs to
identify the date and time something started, stopped or occurred and what started, stopped or occurred.
This is done through thepplied_date and_time_assignmententity that redtes a date and time in some

role to a construct. The role is established indaie_time_role entity name attribute. The sections that
describe the use of the entity to which tae_and_time is assigned will identify the allowed values for

the name attribute of thedate _time_role entity. If only date is provided, thapplied date_assignment

anddate role entities are used to relate the date in some role to a construcestiiet _date time_role

rule constrains the role established indlage time_role entity nameattribute.

2.4. Approvals

Approvals in AP 20@d?2are optional, and are accomplished by establishirgproval entity and relating

it to some construct through applied_approval_assignmententity. There are rules related to the use of
the approval entity that require it to have an associaa@groval_person organization andapproval _
date time. Help on the creation of these entities is given in Sections 2.2 and 2.3.

Every construct thabhas an optionahpproval is allowed only oneapproval. This might lead to the
misconception that only one person on one date or time can approve something. This is not the case. The
approval constructs in AP 2@312 actually designate that an approvalleys required. The cycle may

need one or more signatures. This explains the need fapgreval_status entity and the fact that it

allows for a status adfinot yet approved 6.

The approval_date _time records the date or time the status was changedeknot necessarilyecord

when the approval was given by thapproval_person organization, as there can be multiple
approval_person organizations related to ampproval entity. If there is only on@pproval_person_
organization and theapproval_status is 6approved 6, the approval_date time indicates that this

person or organization approved it on this date or time. When an approval event is a cycle which requires
multiple people to concur on possibly differing dates or times, the dates omtienescorded through the
relation of an applied_date and_time_assignment or applied date assignment entity with the
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date_time_role or date role beingésign off date 6. This relation is explained in Section 2.3, but is
not required in the AP. In theycle case, thapproval_date _time only indicates when the status of the
approval was last changed.

Theapproval_statusnameattribute in AP 20@d2has a restriction on its possible values. The values shall
only bebéapproved 6, 6not yet approved 0, ddisapproved 6 or dwithdrawn 6.

Pre-processor RecommendationsT here is no standard mapping for dygproval level attribute. Since
there is no standard mapping in the AP 2d2application domain for this attribute, it is recommended
that this attributeantain a null string as minimal content or any appropriate or mutagtigedupon string.

It is recommended that tlagproval_role attribute contain the valu®approver 6 if no appropriate data
(such as why this person or organization is approving) islade It is recommended thall
approval_person organization instances have associateapplied_date and time_assignment or
applied_date_assignmententities to provide complete clarity.

Postprocessor RecommendationsSince there is no standard mapping foraperoval level attribute,
postprocessors should not assign any processing significance to this value.

2.5. Security

AP 209ed2requires that certain constructs indicate their sensitivity to the owning organization. This is
accomplished by establishing teecurity classification entity and relating it to the construct via the
applied_security_classification assignment entity. The classification is given insecurity

classification levelnameattribute. AP 20@d2 allows he v al ues o f untldssified att r i but e
Oclassified 0, 6proprietary 0, 6confidential 0, 6secret 6, andétop secret 0. Itshould

be noted that the valuE 6classified 0 only indicates that the datan®t unclassified. This value is

used when an organization has a security classification that dog@saetymatch any of the other values.

A security_classificationin AP 209ed2 may have an approval (see Section 2.4), a related person and
organization (see Section 2.2) in the rolédfssification officer 6, and an associated date and
time (see Section 2.3) in the roledaflassification date 6. AP 209d?2also provides for indition

of an expiration date for the classification by relating a date or time in the r@tkecfassification

date 6(see Section 2.3), but this is not required.

Pre-processor Recommendationsthere is no standard mapping for #eeurity classificationpurpose
attribute. It is recommended that this attribute contain a null string as minimal content or any appropriate
or mutuallyagreedupon string. There is no standard mapping for dkeurity classification name
attribute. It is recommended that thigribute contain a null string as minimal content or any appropriate

or mutuallyagreedupon string.

If the security_classification level nameattribute is the valuéclassified 0, it is recommended that
the organization's classification designation kecetl in thesecurity classification name attribute. For
example, if an organization had a security classificatiobsafcret restricted 0, the security
classification level name attribute value would have the valdelassified 0, and thesecurity
classificationnameattribute would have the valdes e cr et r est.ri ct edd

Postprocessor RecommendationsFhere is no standard mapping for feeurity_classificationpurpose
attribute. It is recommended that this attribute contain a null string as micomignt or any appropriate
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or mutuallyagreedupon string. If thesecurity classification level name attribute is the value
Oclassified 0, itis recommended that pgstocessors regard tkecurity_classificationnamedata as
the identification of a sméal or nonstandard classification. If theecurity classification level name
attribute has a value of other thaclassified 0, itis recommended that pgstocessors not assign any
processing significance to thhameattribute value.

2.6. Units of Measure

AP 209ed2provides for a number of units of measure that can be used for quantities or determining the
dimensionality of a shape. The units of measure can be subdivided into explicit and context sensitive units
of measure. The explicit units supportece ahe following: length unit, mass unit, time_unit,
thermodynamic_temperature_unit, amount_of substanceunit, plane_angle unit, solid_angle unit,
area_unit, volume_unit, andratio_unit. The context sensitive units are defined through the use of the
context_dependent unit name attribute. Each of the units has a related measure. For the explicit units,
these ardength_measure positive_length measure mass measure time_measure thermodynamic_
temperature_measure amount of substancemeasure plane angle measure positive plane

angle measure solid_angle measure area_measure volume_measure andratio_measure For the
context sensitive units, these acentext dependent measure count_ measure descriptive_measure,
andnumeric_measure

2.7. Shape

AP 209ed?2 provides eigltypes ofshape representationthat are iteroperable with those of AP 24&
shges of parts.These classes are: geometrically bounded shmpdels that are represented by
geometrically bounded wireframe_shape representation and geometrically bounded surface
shape representation entities; wireframe with topology shape models that are representeddeay
based wireframe_shape representation and shell based wireframe_shape representation entities;
manifold surface with topology shape models that are representeshabyfold surface shape_
representation entities; faceted boundary representation shape models that are represdatadeily
brep_shape representation entities; tessellated shape models are represented by
tessellated_shape_represetatiorentities; and advanced boundary representation modiett are
represented bgdvanced brep_shape representationentities.

AP 209ed2also provides two other specializeithpe representatiors to represent the shape of composite
constituentscompaosite sheet representationfor plies andoeveled sheet representationfor sandwich
cores. Ashape representation of points only point_representation) is also included to allow a finite
element model to be exchanged without any associated part shape information.

A shape representationmust be related tor@presentation context
It should be noted that trameattribute ofrepresentation item was intended to contain an identification
or tag for the geometrical and topological entities. It should be noted that tag values from one CAD system

are often nbcompatible with tag values of another system.

This document will not go into detail shape representation It will only present clarifications and
practices for the different types of shape as appropriate.



Pre-processor Recommendations:Since CAD system internal entity tag values are typicalty
compatible from one system to another, it is recommended thatgressors either use the physical file
entity number for theame attribute value ofepresentation item entities or a null string for minimal
content.

2.7.1. Units for Shape

Units for a type ofshape representation are defined through the use of a complex instance of
global_unit_assigned contextandgeometric representation context When global units are ed, units
must be defined falength_unit, plane_angle unit, andsolid angle unit. The base units for STEP are
Standard International (Sl) units that are represented througtathed unit subtypesi_unit. All other
units (such as English units) ampresented asonversion based unit entities that referencsi_units.
Physical file examples for SI and English units can be found in Appendix B.

In addition to the global measurement units described in the prior paragraph, AB2206vides for tie
definition of a global gap tolerance for a shape model through the additiglolmdl uncertainty
assignedcontext to the complexrepresentation context instance. This entity defines a set of
uncertainty_measure with_unit entities to represent viaus gap type measurements. Physical file
examples for Sl and English units of uncertainty can be found in Appendix B.

As a clarification to 103032, units on parametric representations are taken frongltisal unit_
assigned context entity. They are not always degrees as might be extrapolated from reading the text of
1030342. This is a consideration on choosing the global units for plane angles, as radian units are irrational
and potentially unstable.

Pre-processor Recommendationsif a preprocessor useglobal uncertainty assignedcontext, it
should point taneuncertainty_measure with _unit that should identify &ngth_measure The value of

the name attribute shall bé&closure 6. Thelength_measureshall contain the valuef the largest gap
anticipated between elements that should be deemed coincideptoBessors should use degree as the
unit for plane_angle unit as it is more stable than using a radian unit.

Postprocessor RecommendationsP?ostprocessors shall useeuncertainty_measure with _unit value
for error checking of the file where an error is a gap in the shape that is larger ttemgthemeasure
value.

2.7.2. Shape Aspects

Portions of a shape model can be designatesthagse aspects This can be donagt for internal model
subdivisions or to attach specifications to portions of the shapeshEtpe aspectnameanddescription
attributes have no standard mapping. pheduct_definitional flag must bed.T. 6 if the portion of the

shape identified is on the outer boundary of the shape model. The use of this construct will be dealt with in
Sections 2.8.5, 2.8.10, 2.8.3 and 2.8.11.



2.7.3. Boundary Representation Models
This subsection will not provide detailed iofmation on boundary representation models.

Pre-processor RecommendationsPreprocessors should not usgce outer_bound designations on
closed periodic surfaces (cylinder, sphere, torus) because this designation is ambiguous.

PostprocessorRecommendationsPostprocessors should ignore ttaee outer_bound designations on
closed periodic surfaces (cylinder, sphere, torus) because this designation is ambiguous.

2.8. Parts in AP 209ed?2

In order to define a part in AP 2@812 three basic AIM metities are used. Theroduct entity establishes

the part's identification (or part number), name (or nomenclature), and descriptiorprachet_
definition_formation or product_definition _formation with_specified source entity identifies its
versian (or change level). Theroduct_definition or product_definition_with _associateddocuments

entity identifies the engineering discipline view that all the data related to it represents (e.g., design
engineering, manufacturing engineering, logistics, etc.).

NOTE - An analysis is defined in AP 208d2 by the same three entities. See Section @r9halysis
representations in AP 2@i2

Using the three entities (and EXPRESS subtypes), the part is identified, revision controlled, and life cycle
stage insulatedrigure 1 describes the relationships among thtties needed to define a part in AP 209
ed2at a high level. These entities and relationships are necessary in order for A@220%upport the
various configuration control methodologies that affect parts. The reader must remember that configuration
control under AP 20@d2is a standard for all industry. As such, AP 2@2represents the data (your data)

as an abstraction from the way in which your organization actually does business.
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Figure 1 - High Level AP 209ed2Requirements for Parts



2.8.1. Identifying Parts
2.8.1.1. The Product Entity

AP 209ed2deals with all parts asroducts. The part number for a part is stored inithattribute. The
nomenclature or name of the part is stored imdraeattribute. If there is an expanded rear description

of the part this is stored in tldescription attribute. All STERproducts must be founded in sompeoduct_
context that identifies the engineering discipline from which the data is viewed. See Section 2.1.2 for
guidance on creating thisigty.

In populating the data, thé or part number must be unique. This is typically not a problem when the part
is used only within a single company. If the data being assembled is for worldwide consumptidn, the
must be unique in that domain.

AP 209ed2requires that alproducts exist in at least ongoduct_related product_category. This will
be addressed in Section 2.8.2.

Partproducts in AP 20%d2require goerson and_organization or organizationin the role ofddesign

owner 6. This defgnation is applied to the person and organization or authority who originally designed
the part. More simply, this is the person and organization typically identified at the top of the title block on
the drawing that defines the part. See Section 2.gd@ance on creating the person and organization
entities.

Pre-processor RecommendationsAll pre-processors should use ndefaulted data or user input for the
values assigned to the design or analysis ownepodduct as defaulting this data has ahiprobability
of causing the data to be incorrect.

If the data is intended for external usage, the part number should be prefixed withattization id value
followed by a comma to ensure uniqueness. For example,df¢famizationidv al ue we9 86 8 YSA
and theproductidwer e 69999996, tploductalovbwald bal 6&SAf 9B8KO& 9, 9

2.8.1.2. The Product Definition Formation Entity

AP 209edZ2requires that all paproducts be associated withpsoduct_definition _formation entity. This
relation is required as AP 2@2is required to support the versioning of parts and analyses. This rule
ensures that all information which typically varies from version to version is always related to the part.

When themake or_buy code information is specified for a part version, tpeoduct_definition
formation_with_specified sourceentity should be used.

There are many organizations that claim quite firmly that they do not version parts. Requiring a version
establishes a connam which may or may not have valuable data. There are certain things to consider
before any group claims that they do or do not version parts.

In AP 209ed?2 the connection being established is actually a connection to the data that comprises the body
of a parts list for the part (if it is an assembly). If an organization versions parspthect_definition
formation id attribute should contain the value that represents this versiond&3weiption attribute

should contain the reason for the creatad the version. Thenake or_buy attribute in the case of a
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product_definition_formation_with_specified source must contain a value of6.MADE.5,
0.BOUGHT.6 or 6.NOT_KNOWN. The value should b6.MADE. 6 if the part is built within the
company. The value should BeBOUGHT.6 for vendor partsDiscretion on the value is left to the
producer of the data with the above guidance given as this distinction can be unclear particularly when the
data is exchangead another party

AP 209 ed? requires that allproduct_definition_formation and therefore alproduct_definition _
formation_with_specified source entities be associated with g@erson and organization or
organizationin the role ofé ¢ r e a t. ®hisperson and organization is the one that initiated the release

or created the change. The data for this person can be found by looking at the release or change paper work
data and finding the initiator. For guidance on creating the entities associatdtlisvithta, see Section

2.2.

AP 209ed2also requires that aproduct_definition_formation and therefore alproduct_definition _
formation_with_specified sourceentities be associated with at least one person and organization in the
role of eitherédesign  supplier 06, 6analysis supplier 6 or 6part  supplier 6. For

guidance on creating the entities associated with this data, see Section 2.2. The person and organization in
the role ofédesign supplier 6 ordanalysis  supplier 6 is the one that was the custodian of the
master data or analysis when the version was created. The person and organization in tidpadie of
supplier 6 is the one that had manufacturing cognizance (if the part is made internally to the
organization) othe vendor who supplies the part if it is a vendor part.

In AP 209 ed2 part product_definition_formation and all product_definition _formation_with

specified source entities may be associated with approval. This is the person and organizatioatth
approved the part version. The data for this person can be found by looking at the release or change paper
work data and finding who approved the release or change. For guidance on creating the entities associated
with anapproval, see Section 2.4.

AP 209 ed2 requires that allproduct_definition_formation and therefore alproduct_definition _
formation_with_specified sourceentities be associated withsacurity classification For guidance on
creating the entities associated witbegurity classification, see Section 2.5.

Pre-processor Recommendationslf your organization does not version parts, itheattribute should

contain a null string as minimal data content or any mut@ahgedupon string. If thed attribute was a

null string, he description value would also be a null string. All ppeocessors should use ndefaulted

data or user input for the values assigned to the creator, design, analysis and part suppliers, approvers, and
approval date foproduct_definition _formation ard product_definition_formation _with_specifed
sourceentities as defaulting this data has a high probability of causing this data to be incorrect.

Thesecurity _classificationclassification officer, classification date, approvers, and approval chtdse
extrapolated from the version creator and approval data if no appropriate data is available.

It is recommended that pprocessors use ath of 6ANYO where they wish to indicate a generic revision

of a part. This type of instancing would be usd@mwthe part with the revision 6ANY0 is a component

in an assembly to indicate that any existing revision of the component is valid for the assembly. This type
of instancing reduces the amount of data to be sent in change packages. When this iredsedsithe

ability to track the actual contents of parts lists at a particular change level when the organization versions
parts.
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Postprocessor RecommendationsWhen the value of thed and description attributes forproduct_
definition_formation_with_specified source is a null string, posprocessors should use this as an
indication that there is no version of the part.

It is recommended that pestocessors recognize mhof 6ANYD as indicating a generic revision of a part.
This type of instancing would be used when the part with the revisiGN0 is a component in an
assembly to indicate that any existing revision of the component is valid for the assembly.

2.8.1.3. The Product Definition Entity

AP 209ed2and STEP use tharoduct_definition entity to establish specific life cycle stage views of the
product data. The use @roduct_definition entities is not required in AP 208d2 but this entity
establishes many importantagonships such as paw-part and parto-shape. If thgroduct_definition
entity is not used, all that can be done with AP @@8is identify individual parts with respect to their part
number, name and version identification.

It is possible to havenany product_definitions for a part/version combination. Thk attribute should
identify whose view of theroduct a particular instance represents. There are no standard mappings in the
AP for this attribute or thdescription attribute (see prprocesor recommendations).

AP 209 ed2 requires that alproduct_definitions have aperson and_organization or organization
assigned in the role dfcreator 6. This person and organization is the one that defined the view. If the
product_definition is beingused as solely a connection to shape, this would be the person who filed the
CAD model of the shape. For guidance on creating these constructs, see Section 2.2.

AP 209ed2requires that alproduct_definitions have alate_and_time or date assigned in the role of
Ocreation  date 6. This date and time is when the view was defined. Iptbduct_definition is being

used as solely a connection to shape, this would be the file date and time for the CAD model of the shape.
If this is not the cas see the prprocessor recommendations. For guidance on creating the date and time
constructs, see Section 2.3.

In AP 209ed2 product_definitions for parts may have approval. This data is often difficult to obtain
as those who approved the filinfjthe CAD or FEA model or creation of thoduct_definition are
difficult to identify. If the information is available, see Section 2.4 for guidance on creating the approval.

AP 209ed2has an optional feature wherepeoduct_definition may be relatedo document entities
through the subtype@roduct_definition_with _associateddocuments In AP 209 ed2this usage is
intended for documents that identify associated Computer Aided Design (CAD) files (where the
document type attributeproduct_data type has the valuécad file &), analysis model or Computer
Aided Engineering (CAE) files (where tldocument type attribute product_data type has the value

o0cae file ), analysis results reports (where tt@ument type attributeproduct_data_type has the

value 6graphical report  file & or 6tabular report  file ), and drawings (where the
document type attributeproduct_data type has the valuédrawing 0).

There is no rule in AP 208d2restricting theproduct_data_type of documents. AP 209%d2does allow
for relating specification typelocuments using theproduct_definition_with _associateddocuments
subtype. This type of relationship indicates that the document is available through the design supplier's

12



organization since it does not provide soeircedata for the specification. See Section 2.8.3 for more detalil
on creating and referencing specifications.

When usingproduct_definition_with _associateddocumentsto reference CAD files, thdocumentid

attribute should contain the file name of the file with enough detail so that it is uniquely identified in the
exchange. This means that ideattribute should identify the source and system (or standard, e.g., IGES,

STEP, etc.) together with the filema. A good method for this is to suffix the file name with the CAD file
producer's Internet domain name with the unique system name whether or not the system is physically
attached to the Internet. For example, if the Internet domain name for the congany w wi dget . c o mo
the system name was Ospar ky 6 docuchentidiatiributeivdluewonldh me wa ¢
be 6sparky. widget.com/ mymodel . fl ed. I f the produc:
identification (see Seatn 2.2 for guidance). Theameattribute should contain the simple file name. The
description attribute should contain the description of the CAD file contents complete with that CAD (or

other) package used to create the data.

Pre-processor Recommendatiost There is no standard mapping for tlte attribute of product_
definition. It is recommended that this attribute contain possible valuédesfign 6, éanalysis 6,
odigital pre - assembly 6, 6manufacturing 6, 6as built 6, 6as maintained 6. These
values should based to indicate which group owns the view for concurrent engineering purposes within a
life cycle stage. There is no standard mapping fordéecription attribute. Since there is no standard
mapping in the AP 208d2 application domain for this attribeit it is recommended that this attribute
contain a null string as minimal content or any appropriate or mutagiledupon string. Where values

for the creator and creation date are not readily available, this information can be extrapolated from the
creator and approval related to tipeoduct_definition_formation as defined in Section 2.8.1.2. Pre
processors shall not uggoduct_definition_with_associateddocumentsto relate specification type
documents to thproduct_definition.

Prepprocessors may use the / character as a delimiter to separate the sending system identification from the
actual file name for the@locument id attribute if the receiving system does not have a uniqueness
requirement on this value.

Postprocessor Recommndations: All post-processors should utilize the values given above for pre
processors as computer sensible segregations pfdtlact_definition data based on thd attribute. If a
value other than those above is received, it should be regarde® sign 6. Since there is no standard
mapping for thalescription attribute for thgproduct_definition entity (and subtype), it is recommended
that postprocessors not assign any processing significance to this value.

2.8.2. Categorizing Parts

AP 209ed2providesfor assigning parts to categories and for creating hierarchical networks of categories.
Categories can be extremely useful in adding intelligence to the data. Parts are assigned directly to
categories through theproduct_related_product_category entity, which is a subtype of the
product_category entity. Networks of categories can be created by relating super and subcategories
throughproduct_category relationship entity. When groduct_related product_categoryparticipates

in aproduct_category relationship in the AP 20%ed2domain, it shoulélwaysbe a subcategory.

Pre-processor Recommendations:There are no standard mappings for theduct_category
relationship name or description attributes. Since there are no standard mappings in the AlRdZ09
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application domain for these attributes, it is recommended that these attributes contain a null string as
minimal content or any appropriate or mutuallyreedupon string. Prgrocessorshould use lower case

for product_category name values. Leading and trailing blanks in theduct_category name value

should be removed.

Postprocessor RecommendationsSince there are no standard mappings forptteeluct_category
relationship name or description attributes, it is recommended that ppsbcessors not assign any
processing significance to these values. {postessors should attempt to sta categories and
subcategories and category relationships received in an ARdZ&xchangeas this information adds
meaning to the received data. If it is impossible to store the data, the user should be informed of all
categories and relationships not processed. This would be best done by presenting the user with a report on
the category struate in the file with subcategories indented. Rwstcessors should use noase sensitive
checking when determining matches on processed category data. Leading and trailing blanks in the
product_categorynamevalue should be removed.

2.8.2.1. AP 209ed2 Standard Categories

In AP 209 ed2products can be assigned directly. In AP 2882 the name attribute of aproduct_
related_product category may be one ofollowing values:6assembly 6, 6detail 6, écustomer

furnished equipment 6, dinseparable assembly 6, Ostandard part 6, 6linear
static analysis 0, Olinear modes and frequencies analysis 0, Ganisotropic

material 6, Ocast 6, O6coined 6, O&odrawn', Oextruded 6, Oforged 6, 6formed
Omachined 6, 6molded 6, Orolled 6, Osheared 6, &composite assembly
odiscontinuous fiber assembly 6, 6filament assembly 6, 6filament laminate

Oisotropic material 6, 6ply 6, 6ply laminate 0, 6ply piece 0, 6processed core
orostock core 6.

o O O

(@)

There are no restrictions in AP 2882 on the value of th@roduct_category name attribute when the
instance created is at the supertype level. This means that when hierarchical networks of categories are
created there is no restriction on the names of the categories which are not directly related to a product.

2.8.2.1.1. Standard Parts

AP 209ed2defines via its mapping table a special mapping for standard parts. The defined mapping is that
aproduct_categorywith anameattribute value 06 s t a n d p a d tbécreated and that this category

be related through roduct_category relationship to aproduct_related product_categoryrelated to

a part. The latter should be the subcategory ipthduct_category relationship.
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2.8.2.2. Recommended Categories

It is strongly recommended that all implementations of AP 2682 establish an instance of
product_category with a name attribute value ofh p a r.tTlBis recommendation is made to facilitate
interoperability and allow implementations to defend against other value assignments made in other APs
that will result from the reuse of the resource panduct_categoryentities.

It is further recommended that all implementations of AP 2689 support the following high level
categories that are not standardized in the AP, but will undoubtedly have common usage:

0 c omme r c- Thik éategory indicateshat the product referenced is a genefalirpose
commerciallyavailable part.

6customer furnished cust-dhiseategorynrslicates thattfuediuct
referenced is part of the system or unit for requirements definition, but is actually plduedyatem
or unit after some portion of delivery.

6 gover nmeThig dategory indicates that thoduct referenced is a part that has been
developed or purchased to meet specialized government specifications.

6hazar dous ma The categorydndicates that theoduct referenced is (or contains)
hazardous material.

6i nt er ¢ han g &hislcdtegody indicates that theoduct referenced is a part that requires
no trimming or modification when replaced.

6 mat e r i- Bhis 6ategry indicates that thproduct referenced is a material or bulk material.

6r epl ac e abhisedtegory indicates that thpgoduct referenced is a part that requires
trimming or some modification (usually for fit) when replaced.

6ser i al i-Zrascdtegry indicates that thproduct referenced is (or contains) a serialized
part.
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2.8.3. Relating Specifications to Parts

AP 209ed2relates specifications to entire parts by relatingplied document referenceentity to the
product_definition of the part. If the specification only relates to a portion of the part, the
applied_document reference entity is related to ashape aspect, which is in turn related to the
product_definition_shapeof the part. This relationship is shownhigure 2. It should be noted that a
specification related (through either method) togheduct_definition of the part must be applicable in
every usage.
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document applied
usage document |« document prod def
constraint| reference

prod def
shape

1

shape |_
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1

property
def

applied document
document document usage
reference constraint]

shape
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shape
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Figure 2 - Parts and SpecificationsBhape Aspects

The applied_document reference entity identifies the owner of the specification through sberce
attribute. This attribute should contain an unambiguous identification of where the receiver of the data could
obtain a copy of the documerithe document related to theapplied document reference must be
uniquely identified in the exchange by tldeattribute. This means that tige should contain any revision
information needed to identify the document completely. Adrae attribute shoulatontain the title of the
document. Thelescription attribute should contain an expanded explanation addeements contents.

Since many specifications cover a variety of subtopics and options on a given topic, it may be necessary to
identify a particuhr subtopic of the specification and assign option values. In APeB@%his is
accomplished by relatingdocument usage constraint to the document. Theubject elementattribute
identifies the particular section or topic being referenced in thefigagicin. Thesubject element value

identifies any option choices or restrictions placed on the section or subtopic.
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Thedocument usage constraint shouldnotbe used to reference classes defined in specifications such as
process specifications. This should be done by usinddbemententity subtypalocument with_class

If classed documents require further restriction of the cladsc@ment usage constraint may be related

to thedocument with _classentity.

AP 209ed2provides fordocuments related to @roduct_definition to be related to othelocumensts in a
network type relationship. This is accomplished throughdtfeiment relationship entity. There are no
standard mappings for tilameanddescription attributes in this entity.

Pre-processor RecommendationsThere are no standard mappings for tieme and description

attributes in @ocument relationship. Since there are no standandppings in the AP 20€d2application

domain for these attributes, it is recommended that these attributes contain a null string as minimal content
or any appropriate or mutualbgreedupon string.

Postprocessor Recommendations:Postprocessors shouldstore all data found in specification
documents attached tproduct_definitions orshape aspecs. If it is not possible to store all the data, the
user must be informed of the data being omitted and its relationship tprddact_definition or
shape_apect Since there are no standard mappings for rthme and description attributes in a
document relationship, it is recommended that pgstocessors not assign any processing significance to
these values.

2.8.4. Relating Parts to Contracts

AP 209ed2 providesan optional relationship gfroducts to contracts through thegpplied_contract
assignmententity that relates eontract to aproduct_definition_formation. In AP 209ed2 acontract

can be used to represent either an explicit contract that provides the requirements (and typically the funds)
for the creation of designs or analyses forgiraduct or some other agreement (such as a purchase order)
that fulfills the same function. Theontract name attribute should contain the contract or agreement
identifying number or name if no number exists. Phiepose attribute should contain the reason for the
existence of the contract or agreement. It is recommended thabrh@ct_type description contain

possible valuesad f i x @d i cebéc ospl us o

In AP 209ed2 a contract may have an associategproval. For guidance in creating tregpproval
constructs, see Section 2.4céntract may have an associatperson and_organization or organization

in the role of6 c o nt r a ¢ Foo guiilance in creating the person and organization constructs, see
Section 2.2. Acontract mayhave an associatethte and_timeintheroleof6 cont r d at eFor
guidance in creating the date and time constygets Section 2.3.

Pre-processor Recommendationdt may be difficult to obtain thapproval andcontractor information.

If this information is not available, it should be provided either through user input or from default data
based on theontract name value.
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2.8.5. Relating Shapes to Parts

AP 209ed2uses two entities to form the link between the configuration management data for a part and
the shape for a part. These two entities areduct_definition_shape and shape_definition_
representation There are no standard mappings forgheduct_definition _shapenameanddescription
attributes. It should be noted that no link to shape is required. It is possible to psmitet_definition

shape entity to indicate that a part has (or will havdjage without relating @hape definition_
representation

There must be onlpne product_definition_shape for eachproduct_definition in an AP 209ed2
exchange file. There may be more than ahepe definition_representation entity related to the
product_definition _shape so as to describe alternate representations of the part Stiguore 8).

product
pdf
prod def
prod def
shape
A A
| 1
shape shape
def rep def rep
advanced faceted
brep brep
shape rep shape rep
rep rep
item item

Figure 3 - Part with Alternate Shape Representations

If the shape of the part is composed of shape constructs from multiple tygieespefrepresentationto
form the entire shape model, the maimape representation shall be related to ahape definition _
representationthat relates to theroduct_definition_shape The otheshape representationsare related
to the mainshape representation through ashape representation relationship. This is depicted in
Figure4.
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Figure 4 - Single Part Represented with Multiple Shape Representations

In some cases, the shape of a part is based on the shape of another part. This commonly occurs when the
one part is the mirror image of the other. When this occurs, it is throtegresentation_relationship_
with_transformation. This structure is shown iRigure5. The transformation is constructed based on a
functionally_defined transformation. It is presumed that the transformation would be applietheo
coordinate system of the source part prior to it being mapped to that of the mirrored part.

Pre-processor RecommendationsThere are no standard mappings for tteame and description
attributes forproduct_definition_shape Since there are no stamd mappings in the AP 208d2
application domain for these attributes, it is recommended that these attributes contain a null string as
minimal content or any appropriate or mutuslyreedupon string.

Postprocessor RecommendationsSince there are nstandard mappings for timame anddescription

attributes foiproduct_definition _shape it is recommended that pgstocessors not assign any processing
significance to these values.
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Figure 5 - Part Shape Based on Mirroring

2.8.6. Renumbering Vendor Parts

In all realms of design and manufacturing business, it is common to buy parts from a vendor and renumber
them under an internal numbering scheme. In today's practice, this is done through envelope, specification
and source contralrawings. An envelope drawing is used for a simple renumber of a part where the part

is referenced on the envelope drawing and assigned a new part number via the associated parts list. A
specification control drawing renumbers a part to show that it meeteceeds the specifications defined

on the drawing and to recommend sources for the part. A source control drawing renumbers a part and
creates a restricted list of suppliers that are qualified to produce the part based on the specifications.

In AP 209ed2 all of the above relationships are supported througbupplied part_relationship. This

relationship is used for the adtification of 6 p ar supplier 6, 6desi gruppl i and 6
6anal ysdwppl i.eThe identification of6 desi gsnuppl i emdédanal ysi s
s up p | iigactdally redundant as this information can be obtained fropetisen and_organization
related to theproduct_definition_formation in the role of6 desi gonppl i@dbanal ysi s
suppl i. &is@ocument will only address the udesupplied part_relationships for renumbering

of parts. The structure ofsaipplied part_relationship is shown inFigure®6.
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To renumber parts throughsapplied part_relationship, both parts must be defined (see Section 2.8.1.1
for guidance on how to create the constructs to do this)sdyglied part_relationshipr el at es t he

product_definition in therelated product_definition attribute. There are no standard data or mappings
for the name and description attributes. Thed attribute must be unique, but agdlere is no standard

mapping.

Certification of suppliers can be indicated througlupplied part_relationship. This is accomplished by
relating an applied_certification_assignment to the supplied part_relationship, which relates a
certification to the relationship. There are no standard mappings for the valuesrarttesand purpose
attributes for thesertification entity. It is recommended that tlertification _type description contain
possiblevaluesd parstuppl i,éedési guwppl i,erbédnal ysuppli.erd

If a certification is used, theertification may be related to aapproval. See Section 2.4 for guidance on
creating theapproval and related entities. Theertification may be associated with @ate_and_time in

the role of6 ¢ e r fticatibn d at eSee Section 2.3 for guidance on creating dates and time in AP
209ed2

NOTE - This supplied part_relationship is a type ofproduct_definition_relationship and as such may
have specifications related to it. The relationship of specificatiopsouct_definition _relationships is
explained in Section 2.8.11 for the specific caserdx_assembly usage occurrence

Pre-processor Recommendationstt may be difficult to obtain the data for tleertification's approval
andbcerti fi cdait eMherethisdatais notimmediately available, it can be extrapolated from
theapproval related to theproduct_definition_formation found on the path refemeed by theelating_
product_definition attribute.

There are no standard mappings forriemeanddescription attributes in aupplied_part_relationship.

Since there are no standard mappings in the APe22%pplication domain for these attributéisjs
recommended that these attributes contain a null string as minimal content or any appropriate or mutually
agreeeupon string. Thed attribute must be constructed so as not to duplicate any assignments made to
other entities that are subtypespobduct_definition_relationship.

There are no standard mappings forbee andpurposeattributes in aertification. Since there are no
standard mappings in the AP 28@2application domain for these attributes, it is recommended that these
attributes ontain a null string as minimal content or any appropriate or mutagtigedupon string.
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Postprocessor RecommendationsSince there are no standard mappings fontdrmae anddescription
attributes for asupplied part_relationship, it is recommendedhat postprocessors not assign any
processing significance to these values.

Since there are no standard mappings forrthme and purpose attributes for acertification, it is
recommended that pegtocessors not assign any processing significance te Vafises.

2.8.7. Alternate Parts

AP 209ed2designates alternate and substitute parts differently. Alternate parts are interchangeable in all
occurrences whereas substitutes (see Section 2.8.9.3) are interchangeable only in a particular usage.
Alternate partsri AP 209ed2 are defined through thelternate _product_relationship entity. This
relationship is used in the definition of parts list data for alternate item designations. There are no standard
mappings to theameanddescription attributes of this entity. Theasisattribute should contain a rationale

for the interchange (e.g., any use, first available, etc.).

Pre-processor RecommendationsThere are no standard mappings for tiene and description
attributes ofalternate_product_relationship. Since there are no standard mappings in the APedQ9
application domain for these attributes, it is recommended that these attributes contain a null string as
minimal content or any appropriate or mutualyreedupon string.

Postprocessor RecommendationsSince there are no standard mappings fontdrae anddescription
attributes ofalternate_product_relationship, it is recommended that pgstocessors not assign any
processing significance to these values.

2.8.8. Make From Relationships

In AP 209ed2 the fact that a part or the design for a part is made from another part or the design for another
part is indicated by thedesign make from_relationship. To indicate either of the above, both parts must

be defined (see Section 2.8.10t guidance on how to create the constructs to do this)d@ésign make

from _relationship relates the source part numbepsoduct_definition in the relating product_
definition attribute to the resultant part numbgreduct_definition in therelated product_definition
attribute. Thed attribute must be unique, but there is no standard mapping. There is no standard mapping
for thenameattribute. Thedescription attribute should be set to whatever data is shown on the parts list
of the resultant part as its material specification, if any.dgsiggn make from_relationship is shown in

Figure 7.
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Figure 7 - Design Make From Relationsip

NOTE - This relationship is a type gfoduct_definition_relationship and as such may have specifications
related to it. The relationship of specificationgptoduct_definition_relationships is explained in Section
2.8.11 for the specific case ohaxt_assembly usage occurrence

Pre-processor RecommendationsThere is no standard value for th@me attribute in adesign make
from_relationship. Since there is no standard mapping ie &P 209ed2 application domain for this
attribute, it is recommended that this attribute contain a null string as minimal content or any appropriate
or mutuallyagreedupon string. Théd attribute must be constructed so as not to duplicate any assignment
made to other entities that are subtypegrotiuct_definition_relationship.

Postprocessor RecommendationsSince there is no standard value for tlagne attribute for adesign_
make_from_relationship, it is recommended that pgstocessors nassign any processing significance
to this value.

2.8.9. Assembling Parts
In AP 209ed2 assemblies are defined in the same way an individual part is defined. The major difference
is that an assembly has other related parts. These are the detail partsassasitties that comprise the

assembly. This relationship of an assembly part to its components is defined throeghagsembly
usage occurrencein AP 209ed2 The structure of this relationship is showrigure8.
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Figure 8 - Assembly/Component Relationship

NOTE - Processors may use a versidrof 6A N Ywhere they wish to indicate a generic revision of a part
when the part is a component in an assembly. This indicates that any erasisign of the component is

valid for the assembly. This type of instancing reduces the amount of data to be sent in change packages.
When this is used, it reduces the ability to track the actual contents of parts lists at a particular change level
when he organization versions parts.

The next_assembly usage occurrenceid attribute has no standard mapping, but must be unique for all
instances of the entity. Theame attribute should contain the item/find number from the parts list that
identifies theusage. It is recommended that thescription attribute contain an instance identifier for the
usage, if one exists or contain a null string as minimal contentr&faeence designator attribute is
optional and when present designates a unique positional location.

It should be noted that since the usage is describegmmdact definition_relationship, many different

views of the usage can be established by varyingrdétaging_product_definition. AP 209ed2 can
maintain one usage based on tibed e s i gpnoduct_definition and another based on the

6 manuf act uroduatgéfinition. The variousproduct_definitions can move into other life

cycle stages for the product as well. Histway, usages or parts lists can be defined for any of a number of
views and life cycle stages of a design. See Section 2.8.1.3 for recommended values of the
product_definition id attribute to support concurrent engineering during a particular life stade.

AP 209ed2requires that alproduct_definition _usageentities and therefore alssembly component
usageandnext_assembly usage occurrence entities be associated withsecurity classification For
guidance on creating the entities asatatl with asecurity_classification, see Section 2.5.

Pre-processor RecommendationsThe id attribute of thenext assembly usage occurrence must be
constructed so as not to duplicate any assignments made to other entities which are subtypes of
product_definition_relationship.

Thesecurity_classification classification officer, classification date, approvers and approval dates can be
extrapolated from the version creator and approval data for the assembly part if no appropriate data is
available.
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2.8.9.1. Instances in Multi-Level Assemblies

AP 209ed2provides ability to identify individual occurrences of component in an +#ayél assembly.

This provides the ability to assign to each occurrence an identifier, a position in the assembly and, possibly,
a geometrical representation that may be different from the one assigned to the fdefihition of the
component (for example, if a component is a flexible pipe, the geometrical representation assigned to the
product_definition of the component mayela | shaped tube while the geometrical representation assigned

to the occurrence of pipe positioned in the assembly may be an S shape constrained by the environment).

In order to distinguish the occurrences of component in an assembly of more thaeraschigal levels,

the specified higher_usage occurrenceentity is used. For example, in the case of the table, an instance

of specified higher_usage occurrence with descriptonat t ri but e set to 6Caplb w
occurrence 1 of the cafhe upper_usageattribute of thespecified higher_usage occurrence will

identify that o6Caplbé is a component mounFiggre on th
9 andFigurel0).
ppdf Tade
l pf:lfqzmudeﬁritmfuwat'
I
D pd L zid?uodn_d_eﬁmn -
[~ = nauo srext_assenbly usage oocu

Figure 9 - Table Assembly Example
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Figure 10 - Specified higher usage occurrence and instancing

NOTE - These figures and practice are courtesy of GOSET.
2.8.9.2. Quantities in Assemblies

AP 209ed2provides for designating quantities of components in next assemblies and higher assemblies.
The most common types of quantities are next assembly quantity anttgfior an end item. A next
assembly quantity is the amount (count or other measure) of a part in its immediate parent part. The quantity
for an end item is the amount (count or other measure) of a part in a finished manufactured item. The end
item itsdf is designated by the organization and may be a configuration item (see Section 2.8.14). These
two types of quantity and their related data is typically what comprises the body of an application list.

2.8.9.2.1. Next Assembly Quantity

AP 209ed2 provides two metbds for specifying next assembly quantity. One method is to count the
number ofnext_assembly usage occurrences where the pair of theelating_product_definition and

related product_definition attributes are identical among multiple instances of gt assembly_

usage occurrenceentity. This type of quantity specification can only be used for items that are counted
one piece at a time as there can be no unit of measure attached to this type of quantity. This method is
extremely valuable where dtistances of a component are specified geometrically as well as in the product
structure.

The other method of specifying next assembly quantity in APe2i29s to create a complex instance of
next_assembly usage occurrence and quantified_assembly component usage The quantity is
explicitly stated in theneasure with _unit related to thguantified_assembly component usage

NOTE - Since these constructs are subtypesae$embly component usage they will require a
security_classification See Section 2.5 for guidance on creating these constructs and Section 2.8.9 for
processor recommendations.
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Quantity designations are used on parts listpfoducts. The AP 20®d2data structure is quite capable

of providing the data for the body of a fsalist. The information for each record in this list is generated for

an assembly by obtaining the data for thducts related to it througmext assembly usage
occurrences. For a make from part, the same rationale is applied tmélke from_usage occurrence

with the resultant part from the make from also being called out. For a material callout, the parts list is
determined from thenaterial_specificatiors related to itproduct_definition unless the bulk material is
assigned a part number imelly by the organization or a quantity unit of measure other than a simple
count is needed. If a bulk material is assigned an internal part number by an organization or a unit of
measure other than a simple count is needed, the usage of the matenssanext assembly usage_
occurrencebetween the two.

2.8.9.2.2. End Item Quantity

End Item Quantity is the total quantity of a component in either the entire delivered unit or some major
subsection of a delivered unit. This quantity is designated in AlR@28y establishing a complex instance

of promissory_usage occurrence and quantified_assembly component usage The quantity in the
measure with _unit related to thequantified_assembly component usageis the quantity of the part in

the final article This relationship is described Figurell.

product product

concept concept
context P Model

1

config
item

1

config
design

A

A 4

pdf End item
version

% This relationship identifies
Zoi%évgf pdripdul the component and
brod def e >acu /puo| the higher assembly

ber num e JEsU for the end item quantity

Figure 11 - End Item Quantity

It should be noted that this could be a simple direct relationship or a more complex relationship. In the
simple instance, theelating_product_definition will point to theproduct_definition of theproduct that

is designated as the end item. In thisegathe quantity is the total for the component (specified by the
related_product_definition) in the end item for the indicated effectivity. In the more complex instance,
therelating_product_definition will point to aproduct_definition of a higher assembly that is not the

end item. In this case, the quantity is for the component (specified bglaied product_definition) in

the assembly (specified by thelating_product_definition) as the assembly is used in the end item for
theindicated effectivity.
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Since promissory_usage occurrence is a subtype ofassembly component usage it will require a
security_classification See Section 2.5 for guidance on creatingsieurity_classification constructs
and Section 2.8.9 for pressor recommendations for subtypegmfduct_definition _relationship. This
relationship is a type gdroduct_definition_relationship and as such may have specifications related to
it. The relationship of specifications pvoduct_definition_relationships is explained in Section 2.8.11
for the specific case ofreext_assembly usage occurrence

2.8.9.3. Substituting Parts in Assemblies

AP 209ed2designates alternate and substitute parts differently. Alternate parts (described in Section 2.8.7)
are interclangeable in all occurrences where as substitutes are interchangeable only in a particular usage.
A substitute part is designated through the use ofssembly component usage substitute. This
relationship is used to define information that is represkon a parts list. There are no standard mappings

for thenameanddescription attributes in amssembly component usage substitute. Thebaseattribute

points to the normal or preferred usage. $thbstitute attribute points to the surrogate usage.

Pre-processor RecommendationsThere are no standard mappings for treame and description
attributes in arassembly component usage substitute. Since there are no standard mappings in the AP
209ed2application domain for these attributes, it is recanded that these attributes contain a null string
as minimal content or any appropriate or mutuatiyeedupon string.

Postprocessor RecommendationsSince there are no standard mappings fontdrae anddescription
attributes in anassembly component usage substitute, it is recommended that pgstocessors not
assign any processing significance to these values.

2.8.10.Assemblies and Shape

The shape of an assembly is most often derived from the shape of its components.e8iR 209ides
many methods fadealing with the shape of an assembly, composite structures, and with the shapes of finite
element models.

This information has been removed from this document and put into the document: Geometric Founding in
ISO 10303209 ReVvC.

2.8.11.Assemblies and Specif@tions

The reference of a specification to an assembly itself without respect to any particular component in the
assembly is done in the same manner it is for parts (see Section 2.8.3). An assembly is peculiar since
specifications may need to be relatedhe usage of a particular component in an assembly or the interface
between the component and the assembly. AP &i®relates specifications to assemiblymponent
relationships by relating applied_document reference entity to ashape aspectthat rderences a
product_definition_shapethat is related to theext assembly usage occurrenceof the part. The shape

related to theshape aspectdescribes the actual area of application for the specification. This relationship

is shown inFigure12.
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Figure 12 - Assemblies and Specifications/Shape Aspects

It should be noted that Bm AP 209ed2implementation there is no shape data to specify the actual area to
which the specifiation is applicable. In this type of implementatiodpaument usage constraint should
be used to clarify the application of the specification. This entity is explained later in this section.

The applied_document reference entity identifies the owner of the specification through sberce
attribute. This attribute should contain an unambiguous identification of where the receiver of the data could
obtain a copy of the document. Tdecument related to theapplied document reference must be
uniquely identified in the exchange by tldeattribute. This means that tie should contain any revision
information needed to identify the document completely. idme attribute should contain the title of the
document. Thelescription attribute should contain an expanded explanation adlecements contents.

Since many specifications cover a variety of subtopics and options on a given topic, it may be necessary to
identify a particular subtopic of the specification and assigiompvalues. In AP 20%d2 this is
accomplished by relatingdocument usage constraint to the document. Theubject elementattribute
identifies the particular section or topic being referenced in the specificatiosubjeet element value

identifies any option choices or restrictions placed on the section or subtopic.

The above shouldot be used to reference classes defined in specifications such as process specifications.
This should be done by using tHecumententity subtypedocument with_class If classed documents
require further restriction of the classdacument usage constraint may be related to theocument_
with_classentity.

Postprocessor Recommendations:Postprocessors should store all data found in specification
documents attached t@hape aspecs. If it is not possible to store all the data, the user must be informed
of the data being omitted and its relationship tosthepe aspect
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2.8.12.Engineering Release/Change DataWork Requests and Work Orders

AP 209ed2provides da structures for representation of the data used in the engineering release and
change process. The structures are based on a request and action process where a request is established
documenting the need for a potential release or change that may ooteyenbe incorporated. If the

request is incorporated, it is done through some action being taken on the request, which results in either a
new release of a design or a change to a existing design.

It should be noted that these constructs have beegneesio represerdll request and incorporation
structures in the AP 20@d2 application domain. All release and change proposals and requests
(Engineering Change Proposals, Requests for Engineering Action, etc.) are represented by the request
portion of he structure. All release and change incorporations are represented by the action portion of the
structure. Differentiation between types of requests and actions can be done structurally based on the
guidance in this section, by its identificatiod for requestspname for actions), or by the originator.
Differentiation by identification or originator is very process dependent but can be necessary particularly
for preliminary requests and proposals.

Some types of releases and changes in organizationsahayolve a two step process. In this case, both

data structures are implemented simultaneously and reference the same release or change documentation.
Since these constructs in AP 2@@2 are intended to support many different release and change
proceses/documentation, in some cases, some of the required data may not exist.

In AP 209ed2 the release process is initiated througfei@ioned action request(as a start request) that

is related to the design or analysis being released througphpdied_action_request assignment The
versioned action_requesthas a relatedction_method. In this case, both thesrsioned action_request

and theaction_method would indicate that the respectiparposes were to initially release the design or
analysis, or create the design or analysis for the initial release. This request process is followed (in the data)
by anaction_directive (as a start order). Tration_directive identifies theversioned action_requestas

the request being satisfied or incorporateddifected_action relates theaction_directive to the new

design or analysis to be released througapptied_action _assignment Thedirected action also relates

the action_method to theaction_directive, which may be moot in the case of initial release. The-high

level structure of these relationships is showRigure13.
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Figure 13- AP 209ed2Engineering Release Process
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The clange process is initiated througheasioned action_request(as a change request), which is related

to the design or analysis product definition or version proposed to be changed thrapgheagh action_

request assignment Theversioned action_requesthas a relatedction_method. In this case, there may

be manyaction_methods or ways to solve the problem. This request process is followed (in the data) by
anaction_directive (as a change order) Thetion_directive identifies theversioned action_reques{(s)

as the request(s) being satisfied or incorporatetiréeted action relates thection_directive to the new

design or analysis product definition or version to be released throagipked action _assignment The
directed_action also relates thaction_methodto theaction_directive indicating which of possibly many

methods for the request or requests incorporated was chosen. The structure of these relationships (at a high
level) is shown irFigure14.
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Figure 14 - AP 209ed2Engineering Change Process

2.8.12.1. Work Requests for Release/Change

Requests for release or change are created in AR®By relating aversioned action_request(as a

start or change request) tpmduct_definition, product_definition_formation, orproduct_definition

relationship through arapplied action_assignment request Theapplied action_assignmentrequest

identifies through theitems attribute the product_definition, product_definition _formation, or
product_definition_relationship to be released or changed. In the case of a start request, ABZ2R%s

not require an identification of a product definition or version at request time. In fact, the product definition

or versionwill result from the start request. Thersion attribute of aversioned action_requestthat is a

start request should be set \tarsiodedaction iequéstihatism or der
change request.

Theversioned action_requestid attribute contains the identification of the request. This information is
the document or request number. Teesion attribute is the version of the request itself. This attribute is
used to identify actual versioning of the request or reissiu® request. In the case of a start request, the
version attribute should be settoi n i t i a& Higcussed above. Tpharpose attribute should contain

text identifying the end result anticipated from this version of this requesti€Beeption attribute should
contain a general description of the request. In APe22%aversioned action_requestis required to have

an associatedction_request status The AP restricts the values for thtatusattributetod pr opos e d 6
6Oi nwor kédi s s uoddchol.dob
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A request for release or change may have many possible ways it can be resolved. This is more common for
changes than releases, but the AP @82data structure supports the documentation of the engineering
thought process gone through in eittexse. This is accomplished through a combination of the
action_request solution and action_method entities. Theaction request solution entity relates an
action_method to a versioned action request The action_method name attribute should contaia
reference to any formal documentation for a proposed solution to the release/ change request. The
description attribute should contain a detailed description of the method through which the request is to be
satisfied. Theonsequencattribute should cdain any determined or perceived consequence to using this
method to satisfy this request. Tinarposeattribute should contain the intention of the method as a single
method may be used to satisfy many requests.

In AP 209ed2 aversioned action_requestmay have a relatepproval. As these requests normally have

a number of signatories, there should be no problem obtaining this data if it is stored in electronic form. For
guidance in creating thepproval constructs, see Section 2.4vArsioned action _requestis required to

be associated with a date and time in the rolé ofe q u edsatt ewhich indicates when the request

was created. For guidance in creating the date and time constructs, see Section 2.3.Memstbneal
action_request is required to be associated with at least one person and organization in the role of
Orequest recipient 6. For guidance in creating person and organization constructs, see Section 2.2.

2.8.12.2. Incorporation of Work Orders for Release/Change

Release of a design onalysis, or change incorporation into a design or analysis is accomplished in AP
209ed2through theapplied_action_assignmententity that relates aaction_directive to the new design

or version by pointing to thproduct_definition_formation that results from the release or change. A
directed_action related to thection_directive identifies theaction_method actually used to satisfy the
requests related to thaetion_directive. In the case where many requests are being incorporated, there
many ke manydirected_actions to indicate the appropriate methods.

The action_directive name attribute is the identification of the formal documentation to incorporate the
change or release the design or analysis. In cases where there is no second set of paper work or
documentation (i.e., there is a one to one correspondence bewsestoned action_request and
action_directive), theaction_directive namevalue is the same as thersioned action_requestid value.

The description attribute should contain a phrase or group of phrases indicating the final result of the
release or change. Thaalysis attribute should identify any investigative results that support the release

or change. Likewise, theomment attribute should contain any textual commentary that supports the
release or change. Aaction directive may be associated with attion status that serves the same
function asaction _request statusin the previous request section. AP 28 does not require that the
action_directive be related to aaction_statusas the two sets of data may represent one or two documents.

In order b differentiate araction_directive that is start order from aaction_directive that is a change
order, the relatedirected_action name attribute should be settbd e s i grmo@ n a | y dor thed
former,andt® d e si gma n goedda n a | y e h a n dfa ihe latter.

In AP 209ed2 an action_directive may have an associateghproval. For guidance in creating the
approval constructs, see Section 2.4. Aation_directive is required to have a date and time associated
withitintherole ofd s t a ddte 6or6 ¢ h a ndyaet ewhich is when the work to satisfy the request
or requests began. Once completeda@ion_directive may have a date and time associated with it in the
roleof6 r e | e adsaet eFdr guidance on creating these date constructs, see Sation
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2.8.13.Release/Change Reissues

Engineering releases and changes may be reissued. This may be done to correct an error or omission in the
change package. It may also be done to signify changes in effectivity that have no effect on the version of
the part.

AP 209ed2supports the reissue of releases and changes. To reissue a release or a vhesigeed.
action_requestis created with amd attribute value equal to trection_directive name being reissued.
The versioned action_request version attribute contains the reissue identifier. This nearsioned_
action_requestis added to the set odquestsin the originalaction_directive that was issued.

2.8.14.Configuration Identification

Configuration identification in AP 208d2is done through theonfiguration_item entity. This entity
identifiesproducts as end items or items that are sold or delivered. As in industry, this designation can be
applied to full systems or spares (which are also referred to as the lowest level replaceable units).

The configuration_item id attribute is a unique identification of the item that may be a part number but
more probably a moniker. Themeattribute is a short description of the item. Tescription attribute

is optional and would be the expanded nameescuption of the item. Thpurpose attribute is also
optional and would contain a description of the item's intended use.

A configuration_item is related to aproduct_concept The product_conceptid attribute is more
commonly known as the model desigion. The product_concept taken together with the
configuration_item describe a model series or configured production run.n@inee attribute is a short
description of the model. Thaescription attribute is the expanded name or description of the mdbel.
product_conceptis related to groduct_concept context where themarket_segmenttype attribute
identifies what customer or group of customers provided the requirements for the model.

In AP 209ed2 a configuration_item may have associated approval. For guidance on creating the
approval constructs, see Section 2.4.cAnfiguration_item must be associated with gerson and_
organizationintheroleof6 c onf i g ur af h a g.eor@uidance on creating these constructs,
see Section 2.2.

Pre-processor Recommendationsin some cases, it may be difficult to determine &dpgproval and
6confi gur ma n ag éora@onfiguration_item. If the item has effectivity (see next section),
this information may be extrapolated from #qgproval and6 ¢ e a t oinfodmation for theproduct_
definition_formation for that product. If not, this information should be obtained from user input or a
default based on thenfiguration_item id attribute.

2.8.15.Effectivity

Effectivity is the designation that something or a relationship between two things is used or planned to be
used in someonfiguration_item. In AP 209ed2 effectivity is designated on relationships between
product_definitions by either ranges of serimumbers, ranges of dates or a lot. This is accomplished
through a complex instance of the entiteffectivity, configuration_effectivity, product_definition_
effectivity and one of eitheserial humbered effectivity, dated effectivity or lot_effectivity .
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A serial numbered_effectivity specifies areffectivity_start_id with an optionaleffectivity_end id. If
theeffectivity_end id does not exist, the effectivity is good for the starting serial number and all following
serial numbers. Aated effectivity follows the same pattern using dates rather than serial numbets. A
effectivity indicates areffectivity lot_id and areffectivity lot_size

The above entities specify the effectivity identifiers. These entities are relatgatdduwct_definition
relationship through thausageattribute in theoroduct_definition _effectivity entity. Theeffectivity entity

id attribute has no standard mapping. Thefiguration_effectivity entity relates these relationships to a
configuration_design that relates @onfiguration_item to aproduct_definition_formation. Figure 15
shows this relationship for serial_ numbered effectivity. The whole relationship here can be simply
stated as a range of serial numbers, dates or a lot number relapeddact_definition _formation which

is designated asanfiguration_item. This does mean that @bnfiguration_items must be associated

a design or analysis version in order to heffectivity.
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Figure 15 - Configuration Item and Serial Numbered Effectivity

In AP 209ed2 aneffectivity may have an associatagproval. For guidance in creating tlaproval
constructs, see Section 2.4.

It should be noted that since the effectivity is relatedpmduct_definition _relationship, many different
views of the effectivity can be established by varyingriiating product_definition. AP 209ed2can
maintain me effectivity based on thé d e s i goroduct_definition and another based on the
6 manuf act uroduatgiéfinition. The variousproduct_definitions can move into other life
cycle stages for the design as well. In this way, effectivities can be dé&finady of a number of views
and life cycle stages of the design. See Section 2.8.1.3 for recommended valugsasfiibie definition

id attribute to support concurrent engineering during a particular life cycle stage.

AP 209ed2doesnot require that effectivity relationships be instantiated. The reason for this is that there
are occasions where data needs to be exchanged or shared prior to an effectivity being defined. This tends
to occur early in a new design.

All effectivities in AP 209ed?2are explicit effectivities and there are no assumed effectivities. Some systems
in existence today assume a part is effective for all planned or actual instances of a product model if the
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effectivity is not explicitly defined. This igotthe irtent in AP 20%d2 If a part has no effectivity in the

AP 209ed2data structures, it ham effectivity. If a part is effective for all instances of a product model,

the data should explicitly state all the effective instances. The effectivities in @Bd2&ontain open

ranges for serial numbers and dates to allow for open or full effectivities. Using these constructs, all that is
required is a start point. If there is a desire for full effectivity and the start point is not defined, the value
6 1 &houl be used for theerial numbered effectivity.effectivity start_id or the equivalent date of
January 1st year 1 should useddated effectivity.effectivity start_date.

NOTE - Open effectivity does not make sense for a lot effectivity as it isra@mtly closed (other than lot
size). Lot effectivity is typically an effectivity designated in the manufacturing view of a product or part.

The exchange or sharing of effectivity information creates the need for optional processing capability in at
leastpre-processors to allow for perspective. It is typically desirable for the lead contractor in a partnership
or team to provide effectivity definitions to sabntractors. It is usually undesirable for the lead contractor

to utilize effectivities echoed bk by subcontractors as they reflect what was originally sent but not
necessarily the most current data (in some cases).

The above is a simple case. Most cases involve even more variables such as who in the exchange or sharing
arrangement is the definitpdy for the effectivity of a particular part or usage. One way to deal with this
situation is for prgrocessors to provide options for ignoring effectivity entirely, loading it or either
ignoring or loading it based on externally defined criteria ssde part's design owner, design supplier

or part number and for peptocessors to provide a switch for a user choice on whether or not defined
effectivity information in the system should be used in the interchange.

Pre-processor RecommendationsThereis no standard mapping for tlhe attribute of theeffectivity

entity. Since there is no standard mapping in the APeelXapplication domain for this attribute, it is
recommended that this attribute contain a null string as minimal content or anyraiprop mutually
agreeeaupon string. If the effectivity approval information is not readily available, it can be extrapolated
from the engineering change that designated the effectivitypiBoessors should interpret the vafué 6

for the serial_numbered effectivity.effectivity start_id or the equivalent date of January 1st year 1 for
dated effectivity.effectivity start_date as full or open effectivity when the values are specified with no
ending range value. It is recommended thafgoeessors provide options for ignoring effectivity entirely,
loading it, or either ignoring or loading it based on externally defined ergadh as the part's design owner

or part number to allow for a user choice as to whether the data is utilized or not depending on the source.

Postprocessor RecommendationsThere is no standard mapping for ibeattribute of theeffectivity

entity. Sirce there is no standard mapping in the AP @@2application domain for this attribute, it is
recommended that peptocessors assign no processing significance to this value. When there is a need for
full effectivity and the start point is not definedogtprocessors should use the valtiel dor the
serial_numbered effectivity.effectivity start_id or the equivalent date of January 1st year dfded
effectivity.effectivity_start_date. It is recommended that pgstocessors provide a switch foruser

choice on whether or not defined effectivity information in the system should be used in the interchange.
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2.8.16.Composite Part and Constituent Representations

The composite part and constituent representations recommendations has been removed umitig
and is now available in a separate document devoted only to this subject. As of the publication of this
revision of this document, the composite Recommended Practices can be fthenddoument

CAXx-IF Recommended Practicesor Composite Materials V 3.0dated 2016
2.9. Materials and Properties

Stock material is treated apmaduct in AP 209ed2 A stock material product shall be amongpheducts

of a product_related product category with a name of :6i sotr opmact eri,al 6
6ani sotromafteri,adfdi |l ameassembl di scont i niberus
assemhohbHai daessembdbwdven ass,ermlslt palor dRgurel6). The
stock materialproduct_definition may have amapproval in AP 209ed2 See Sectio@.4 for guidance on
creating theapproval and related entities.

Material properties, including finite element analysis material properties, are represented by the
property_definition subtype material_property. The name attribute inherited from the
property_definition supertype is used to denote the particular property being qualified or quantified. The
material_property representation entity links a material_property to a representation that may
contain ameasure representation item in its set of items to provide a quantitative value the property.

For a finite element analysis (FEA), tlmeaterial property representation subtypefea material
property _representationentity is used to link an FEAaterial _property to a propertyepresentation

There shall be a single FEA material property representation item for each material property. Therefore,
the FEA material propertyrepresentation shall contain only onefea material _property
representation item subtype in its set ofitems. The subtypes offea material_property
representation item represent finite element analysis properties such as linear elasticity, mass density,
shell shear stiffness, and coefficient of thermal expansion. The material id assigned to a matarial by a
application is represented by thame attribute of therepresentation The material id shall be unique
within thefea_model (see Section 2.9.3.1).

Conditions such as temperature and moisture content that relate to the material properties arengrouped i
data_environment that is referenced by thenaterial property representation entities as their
dependent environment. The representation for each condition is associated with the stock material
through goroperty _definition. Therepresentationof a material reference direction is likewise associated
with the stock material throughpeioperty _definition.

2.9.1.1. Material Specifications

Material specificatioa that are applicable to raaterial are related to thmaterial product_definition
through anapplied_document reference entity. Thematerial product_definition is contained in the
items of the applied_document reference The assigneddocument attribute inherited from the
document reference supertype ofapplied_document reference points b the specificatiordocument
(Figurel6).
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Figure 1617 FEA Generic Material Properties

2.9.1.2. Material Callout

The designation of the material for a part is accomplished throongtke from _usage option entity. The

make _from_usage option.relating_product_definition shall be the6de si gn di scipline
product_definition for the part. If the component part isoduced from a single material, then the
make_from_usage option.related product_definition shall be thgroduct_definition for the material

(Figurel6).

A simplified methodology for specifying material properties as a general property is specified in the
document:

Recommended Practices for Material Identification and DensityRelease 2.1uly 12, 2005 published
by the CAx Implementor Forum of PDES, Inc and PROSAER
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2.10. Retention

Retention defines a period of time for which product data is to be maintained due to organizational policy
or legal requirements. In AP 2@812 theaction subtyperetention is used for this purpose. An instance of
retention shall have an associatagplied_retention_assignmenf whoseitems contain the entities that

are to be retained bgtention. An instance ofetention shall also have associated witlafplied_date
and_time_assignmens$ orapplied_date_assignmens that indicate the start, earliest end, and latest end
dates for retention of data. THescription attribute inherited fronaction is used to describe the purpose

for retention. The method chosen for retention is given byeation_method (seeFigurel?).

applied pd/
retention > pdf/ product data to
hssignmen pdr be retained

v

retention

v

action
method

start date,
earliest end date,
latest end date

applied
Hate & time

:aaigl unen

Figure 17 - Retention of Product Data

Theretention may have aapproval in AP 209ed2 See Section 2.4 for guidance on creatingifygroval

and related entities. Retention may be applied to product data such as analysis and design discipline product
definitions, parts, analyses, part and analysis versions, assemblies, material callouts, material properties and
specifications, fea models, cooitand results, and analysis reports.
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2.11. Analyses in AP 20%d2

An analysis is defined in AP 208d2in the same manner as parts, by using three entitiesprbllect

entity establishes the type and description of analysispiddict_definition_formation entity identifies

its version (or change level). Theroduct_definition or product_definition_with_associated
documentsentity identifies the engineering discipline view that all the data related to it represents (e.qg.,
design/analysis engineegh Through these three entities and their EXPRESS subtypes, the analysis is
identified, revision controlled, and life cycle stage insulakégure 18 describes the relationships among

the entities that are necessarydefine an analysis in AP 2@@2at a high level.

The analysis types in ABP09 ed2 have been greatly expanded over the initial ed1 version, adding a generic
engineering analysis core covering mésised and meshless analyses, and a generielrasst nmerical

analysis and CFD capability. This 2.0 version of the Recommended Practices document covers only the
classical Finite Element capabilities initially covered in ed1.

‘linear_modes_and_frequencies_analysis’
or “linear_static_analysis’

Analysis
o—— prod rel of Part X
prod cat
‘detail’

or prod rel _; product > product
“assembly’ prod cat — context
A
analysis
version
4
applied - proc!t.!ct ) alppl .sfc"fit‘ pplication] Lapplication
per & org > definition |€ Flassificatiol < protocol
hssignmen formation [€ 1 assignment| context def
A R \ 7 )
| | applied 1
|- - - approval |
adpd : Essignmen:c
1
applied 3| product [ -' product
Hate & tim >efinition v >| definition
hssignmen FSSOC docq context

J;analysis’

Figure 18- High Level AP 209ed2Requirements for Analyses
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2.11.1.Identifying Analyses

Figure 19 shows the overall representation for an analysis and its relationship to the corresponding part.
The part is represented by the design discipline view as described in SeBtiDetils of the analysis
representation are discussed in the following paragraphs.
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Figure 19- Analysis vs. Design Discipline Product Definition

2.11.1.1. The Product Entity

AP 209ed2deals with analyses asoducts. Thename anddescription attributes can be used to indicate
that the product represents an analysis for a particular part or assembly.

AP 209 ed2requires that alproducts exist in at least onproduct_related_product_category. This
restriction product_requires_product_category) forces all parts into one of the following categories:
Odetail 6, o6assembly 6, o&inseparable assembly 6, or oOcustomer furnished
equipment 6. An analysigproduct should be assigned tgeoduct_related product_categorywith the

same name as that for the part that is being analyzed.
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An analysisproduct should also be assigned t@m@duct_related product_categorythat indicates the
type of analysis. The appropriate categories in2Z@Ped2are:6 | i n e static analysi s 6and
Olinear modes and frequencies analysis 0. An analysigroduct should be assigned to both
categories if it includesontrols for both analysis types.

Analysis products in AP 209ed2 require aperson and_organization or organization in the role of
6anal y iwn e.rThis designation is applied to the person and organization or authority who
originally performed the analysis. See Section 2.2 for guidance on how to create the person and organization
entities.

Pre-processor RecommendationsAll pre-processors should use ndefaulted data or user input for the
values assigned to analysis owner pfaduct as defaulting this data has a high probability of causing the
data to be incorrect.

2.11.1.2. The Product Definition Formation Entity

AP 209edZ2requires thiaall partproducts be associated withpaoduct_definition _formation entity. This
relation is required to support separate versioning of analyses in A&1209

AP 209ed2requires that alproduct_definition _formation entities be associated withparson and
organization or organization in the role of6 ¢ r e a t. @hiserson and organization is the one that
created the change. The data for this person can be found by looking at the release or change paper work
data and finding the initiator. For gl@ince on creating the entities associated with this data, see Section
2.2.

The product_definition_formation entity should also be associated with at least one person or
organizationintheroledanal y siup p | i.€&ar guidance on creating the entities associated
with this data, see Section 2.2. The person and organization inthe le ofal y sug pl iigr 6
the one that was the custodian of the master data or analysis when the version was created.

In AP 209 ed2 the analysigproduct_definition_formation and entities may be associated with an
approval. This is the person and organization that approved the analysis version. The data for this person
can be found by looking at the release or change paper workrtthfanding who approved the release or
change. For guidance on creating the entities associated vdfipeoval, see Section 2.4.

AP 209 ed2 requires that allproduct_definition_formation entities be associated with s&curity
classification See Section 2.5 for guidance on creating entities associatedseithigty classification

Pre-processor RecommendationsAll pre-processors should use ndefaulted data or user input for the
values assigned to the creator, analysis supplier, agnsoand approval date fproduct_definition _
formation entities as defaulting this data has a high probability of causing this data to be incorrect.

Thesecurity_classificationclassification officer, classification date, approvers, and approval ciatdse
extrapolated from the version creator and approval data if no appropriate data is available.
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2.11.1.3. Relating Analysis and Design Versions

AP 209 ed?2 allows for separate versioning of analysis and part (design) versions. The corresponding
product_definition_formations are related through aroduct_definition_formation_relationship,

where part version is the relatipgoduct_definition_formation, and analysis version is the related
product_definition_formation.

2.11.1.4. The Product Definition Entity

AP 209ed2and STEP use tharoduct_definition entity to establish specific analysis stage views of the
analysis information. The use pfoduct_definition entity establishes many important relationships such

as analysis to analysis shape and finite elémerdels. Theproduct_definition entity can be related to
documententities that describe the finite element model, analysis control and results, through the subtype
product_definition_with _associateddocuments

It is possible to have margroduct_definitions for an analysisersion combination. Thal attribute
should identify whose view of the analypi®duct a particular instance represents. There are no standard
mappings in the AP for this attribute or thescription attribute (see prproceser recommendations).

AP 209 ed2 requires that alproduct_definitions have aperson and_organization or organization
assigned in the role af ¢ r e a t. @his@erson and organization is the one that defined the view. For
guidance on creating these counsts, see Section 2.2.

AP 209ed2requires that alproduct_definitions have alate_and_time or date assigned in the role of
6cr eat da h eThis date and time is when the view was defined. Typically, this would be the date
and time for the CAD modeif the shape or for the FEA Model If this is not the case, see thegressor
recommendations. For guidance on creating the date and time constructs, see Section 2.3.

In AP 209ed2 the analysigproduct_definitions may have aapproval. This data is feen difficult to
obtain as those who approved the filing of the CAD or FEA model or creation pfdtect_definition
are difficult to identify. If the information is available, see Section 2.4 for guidance on creating the approval.

AP 209ed2 has an ptional feature where product_definition may be related tadocument entities
through the subtyp@roduct_definition_with associateddocuments In the context of the analysis
product, this usage is intended for documents that identify anatysirols or results reports. See Section
2.9.3.3 for more information.

Pre-processor Recommendations: There is no standard mapping for thed attribute of
product_definition. Therefore, it is recommended that this attribute contain possible values efs i ,g n 6
6anal ysiogddd gi tal —-apsembldnmanuf act ydiasgdbui lI6tad

mai nt ai.nfkedebvalues should be used to indicate which group owns the view for concurrent
engineering purposes within a life cycle stage. There is no standard mappiredesdhiption attribute.
Therefore, it is recommended that this attribute contain a null string as minimal content or any appropriate
or mutuallyagreedupon string. Where values for the creator and creation date are not readily available,
this informationcan be extrapolated from the creator and approval related forddect definition
formation as defined in Section 2.8.1.2.
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Preprocessors may use the / character as a delimiter to separate the sending system identification from the
actual file name dr the document id attribute if the receiving system does not have a uniqueness
requirement on this value.

Postprocessor RecommendationsAll post-processors should utilize the values given above for pre
processors as computer sensible segregations pfatiuct_definition data based on thd attribute. If a
value other than those above is received, it should be regarded &ss i .gSinée there is no standard
mapping for thalescription attribute for thgproduct_definition entity (and subtype), it i;ecommended
that postprocessors not assign any processing significance to this value.

2.11.2.Relating Analysis Shape to Analysis

AP 209ed2uses two entities to form the link between the configuration management data for an analysis
and its shape. These twatiies areproduct_definition _shapeand shape definition _representation
There are no standard mappings forgheduct_definition _shapenameanddescription attributes.

There must be onlpne product_definition_shape for eachproduct_definition in an AP 209ed2
exchange file. If there are multipleshape definition_representation entities related to the
product_definition_shape these relationships describe alternate representations. 2094Rhe analysis
shape representation may be a paiotdel, composed of points onlgdint_representation). Thename
attribute of thisrepresentationis set to6 n o d € h a p.éAdoint_representation shall contain only
node set mapped item andfea axis2 placement 3d entities in its set afems. Alternaely, the analysis
shape representation may an idealization of the design shapeaieattribute of theepresentationis
setto6i de al i anaydis s h a p i this case. The idealized analysis shape representation is
related to the design shape représtion ( 6 n 0 mi ndadign s h a p)etlirough ashape
representation relationship (seeFigurel9).

Pre-processor RecommendationsThere are no standard mappings for tteame and description
attributes fomproduct_definition _shape Therefore, it is recommended that these attributes contain a null
string as minimal content or any appropriate or muteedjyeedupon string.

Postprocessor RecommendationsSince there are no standard mappings fontree anddescription
attributes foproduct_definition _shape it is recommended that pgstocessors not assign any processing
significance to these values.

2.11.3.Finite Element Analysis

In performing an analysis with finite element models, the continuum of the produstristided into a
finite element model that is composed of a mesh of points. The nodes are connected with elements, which
represent finite subdivisions of the continuum and model its behavior.

2.11.3.1. Finite Element Model

The finite element model is representydanfea_model entity, that will be either afea model 2d or
fea_model 3d, depending on the analysis coordinate space dimension. The finite element id assigned to
the model by an application is represented by rthme attribute inherited from itsepresentation
supertype. The model id shall be unique tofdee model. The name of the software used to create the
model is given by thereating_software attribute. The type of analysis to be performed with this model is
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specified by theanalysis type attribute, and the analysis code(s) that the model was created for by the
intended_analysis code attribute. Each analysis code shall have the vendor, version, computer system,
operating system and descriptions specified. The file that contains thenatifum describing the
fea_modelis adocument associated with the analygisoduct_definition (product_definition_with
associateddocumentg. Thedocumentpoints to a document type 6fc a &€ i | eald thedocument

id attribute specifies the name of thie.

NOTE: TC1 for Part 104 removed a duplicate element IDefar modelentity.

AP 209ed2uses two entities to form the link between the configuration management data for an analysis
product and the finite element model or its individual elemert mode representations. These two entities

are structural _response property andstructural _responseproperty _definition_representation (see
Figurel9).

Thestructural _response property _definition _representation points to the representation for the finite
element model as a whole, or to the representation for an individual element or node of the model
(fea_mode| element representation or node representation), while the structural response
property points to the corresponding descriptiofea(model definition, element definition, or node_
definition). As subtypes ohape aspect these definitions are related to the configuration management
data for an analysis and its shape representaitiatihe analysiproduct_definition _shape

In AP 209ed?2 fea_ models may have aapproval. This is the person and organization that approved the
fea_model. This data is often difficult to obtain as those who approved the filing of the FEA model are
difficult to identify. If the information is available, see Section 2.4 for guidance on creating the approval.

Pre-processor RecommendationsThere are no standard mappings for treame and description
attributes forstructural _response property. Therefog, it is recommended that these attributes contain a
null string as minimal content or any appropriate or muttediseedupon string.

Postprocessor RecommendationsSince there are no standard mappings fontrae anddescription
attributes forstructural_responseproperty, it is recommended that pegstocessors not assign any
processing significance to these values.

As a clarification to 103032, units on parametric representations are taken frongltiml unit
assigned context entity. They are not always degrees as might be extrapolated from reading the text of
1030342. This is a consideration on choosing the global units for plane angles, as radian units are irrational
and potentially unstable.

2.11.3.1.1. Node Representation

Nodes ina finite element model are represented by one of the subtypegiefrepresentation (node,
geometric node, anddummy_node). A node representationis associated to tifea_model through its

model ref attribute Figure20). The node id assigned to a node by an application is represented by the
name attribute inherited from itsepresentation supertype. The node id shall be unique within the
fea_model

44



product
T Analysis of Part X
pdf analysis == === ==a
version S S
T 1 1
[ |
prod def w. d t :' =!
hAssoc docH ocument| , fe model,
adpd analysis control (OPTIONAL)
T and results (OPTIONAL)
information
proddef | o ______
shape [ .
1
, L , | ©PTIONAL)} _
1
shape shape fea model I node :
def rep def rep def : def :
Lo g ——a
! 1 1 B
TToETT
shape idealized point struc resp| Istruc resp:
rep analysis rep node prop : prop !
shape shape o __/
T | — t X
struc resp :struc respt
a2p3d fea_a2p3d|| node set prop def 1 prop def : idealized analysis shape
rep :_ _ _rip_ _! or nominal design shape
¥ ¥
node analysis h
fea model |« node geometric item shape
rel within rep rep
\L Vlf node shape l,
relationship
fea_a2p3d point »| 9€0rep
location item

Figure 20- Node

Nodes of the finiteelement model are aggregated inagle setfor geometric founding. Theode setis
included in the set of items of tip®int_representation Thepoint_representationmay also contain an
fea axis2 placement 2d or fea axis2 placement 3d to relate to other coordinate systems.

A node may be associated to a geometry through ntbee geometric relationship entity. The
node_geometric relationshipshall point to aranalysis item_within _representationthat references: a)
thegeometric representation item that thenodeis being associated to, and b) #hepe representation
that thegeometric representation item is used in. Thishape representationcan be the nominal design
or idealized analysishape representation or be relatedat the nominal design or idealized analysis
shape representationthrough ashape representation relationship.

2.11.3.1.2. Element Representation

Elements used in a finite element model are represented by oneebdérient representation subtypes.
A element representationis associated to tHea modelthrough itsmodel ref attribute Figure21). The

element id assigned to an element by an application is representechbyrihattribute inherited from its
representationsupertype. The element id shall be unique withirféhemodel.

NOTE: TC1 for Part 104 removed a duplicate element ID gomt_element_representation
directionally_expicit_element_representationandexplicit_element_representation entities
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Figure 21 - Element

An element representationhas a list ohode representations that are associated with the element. The
number of nodes in the list shall be consistent with the order of interpolation for the element. The order of
interpolation is specified by a reference to the appropelarment descriptor subtype that is also used to
define the shape and responses of like elements.

Aspects of an element such as a face, edge, or volume are associated to an appropriate geometry through
the element geometric relationship entity. The element geometric relationship shall point to an

analysis item_within _representation that reference a) thegeometric representation item that the

elementis being associated to, and b) Hmpe representationin which thegeometric representation

item is used. Thisshape representation can either be the nominal design or idealized analysis
shape_representationor be related to the nominal design or idealized anasige representation

Element representations shall reference the proper element coordinate system to establish the material or
section properties of the element. Volumefate and curvelement representatiors shall reference an
element material entity that is an aggregate of material properties. The material properties are represented
by material_property_representation or fea_material_property _representation entities, as discussed

in Section 2.8.17.
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2.11.3.1.3. Element Locations

Element locations are needed to integrate finite element matrices over the volume or surface of an element,
or to evaluate a field variable at specific points in an element. The locations of integrasis, and field

variable output points are all specified in the same manner. Note that there is no requirement that the output
points for an element be identical to the integration points (if any). The specification of these locations
within element representationsis detailed in clause 5.11 of ISO 103034, and a discussion of how these
locations are used in element matrix integration is detailed in clause 5.10. In the implementation of the
writing of this type of data, care should be taken to oniput as many locations as is necessary for the
various element types in order to minimize the volume of data. To this end, the data model provides the
capability to share the element integration and output definitions amongst many elements.

2.11.3.1.4. Relating Element Locations to Lamina for Layered Elements

The location of integration, basis, and field variable specification points in curve, surface, and volume
elements, though specified in the same manner, differ due to the different levels of geometriioabstrac

in the element types. The integration points are of interest when considering how the material properties
are interpreted within an element along with other matrix integration topics (see clauses 5.10 and 5.11 of
ISO 10303104). Note that element panatric coordinate systems (see clause 5.9 of ISO 10698

have to be taken into consideration when calculating element material properties.

The relationship between a laminate table and an FEA material property may be established at one or more
levels within a laminate tabléall illustratedin the upper right portion dfigure22):

91 the overall laminate table may be linked to an FEA material property;
1 aply laminatesequence table may be linked to an FEA material property;
9 acomposite assembly sequence table may be linked to an FEA material property.

For curve elements, the relationship of the element properties to materials is strictly of informational value
as faras the response of the element is concerned since the stiffness of the curve elements are explicitly
defined by the curve properties such as moments of inertia and torsional constant. The relationship to
composite structure in a laminate table may be liseare or postprocessing of property and field
information using direct geometric correspondence.

For surface elements, a location is specified by a combination of the location over the surface combined
with a location through the thickness. For lagkesarface elements, the thickness is specified by the related
laminate table and therefore is not explicitly defined in the surface property entity. There are two methods
of defining location through the thickness of a surface element: the first is aysehdre the location
through the thickness is a specific distance; and the second is a dimensionless distarice fooh0 that

spans the thickness of the element. If a location falls on a ply boundary, a flag is available to indicate the
side that ilies upon. In both the absolute and dimensionless cases there is no direct correlation between
plies in a laminate table and a location: the correlation must be geometrically established in a post
processing step. Though computationally cumbersome, thigdes an extremely general correlation
capability that supports a wide range of composite laminates, from simple point zone laminate
specifications to complex laminate assemblies.

When part laminate tables are used to specify the composite material, a piercing algorithm must be used to
calculate the laminate thickness at each location within a surface element. Except for a simple laminate
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table where all ply boundaries are identi¢thé nonuniform coverage of the part by plies necessitates the
piercing to calculate thickness and the plies involved. In the case of zone laminate tables (edge or point),
no piercing is necessary since by definition a zone is of constant thicknessnaedtte list of plies and

the corresponding thickness are directly known. In all cases the laminate is assumed to be congruent to the
surface of the surface element, so that major material direction always runs tangeatemém surface

For volumeelements, the locations within an element are specified in paramefricace (non
dimensional). Again the correlation of volume element locations to plies in a laminate table is strictly
geometric. Note that since the material direction in a volumeeglem an arbitrary threégimensional
direction, there are no restrictions on the major material direction within the element.

For all element types, the calculation of material direction must take into account the method chosen to
specify the plyrientation angle for the laminate table (Bégure22). This will have the most (detrimental)

effect on highly curved parts if the simplest option, i.e., a dire¢ggnivalent to a single rosette), is used

as the direction may change over the curvature of the part. If the point path or curve option is chosen to
provide a more accurate direction specification, then the material direction must be calculated at each
location in the element using the corresponding geometric location in the laminate part. This is done by
first piercing the table to find the part location that corresponds to the element location, and then deriving
the direction at that location within tiheminate.

laminate table
composite assembly sequence definition

ply laminate sequence definition
prod rel
prod cat podrct
T prod def
‘isotropic._material’ A
- . o pdf
anisotropic_material applied -
?\amenlﬁassembly, document document
braided assembly T reference prop
‘woven assembly’ def re
‘discontinuous_fiber_assembly’ € P
. R prod def
or ‘stock_core
% |
[ — [
prop prop mat |
def def | | prop
fea mat
prop prop def | |€ data [€ prop rep / _,<_| element element
def rep rep 1 nvironmenf at prop re material rep
rep rep rep
¢ v |_$‘V_
fea mat prop
. . meas rep rep item /
direction item meas rep
- item [~
material ambient conditions material properties
rgizr;?;; (T, moisture, efc.) (linear elasticity, density,

thermal expansion, efc.)

Figure 227 FEA Composite Material Properties
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2.11.3.1.5. Surface ElementSectionProperties

Section properties such as offsets, nonstructural mass, thickness, bending thickness and shear thickness of
a 3D or 2D surface elemeate specified by thesurface property entity (Figure 23). The surface_

property references a subtype sdirface section field to denote the variation of section properties over

the surface of the element.

surface surface_3d_element_representation, surface
element axisymmetric_surface_2d_element_representation, | element
rep or planar_surface_2d_element_representation rep
surface surface
element element
property property
surface surface
section section
Eleld const field varyin
uniform X list of surface sections
surface un:_frorm (corresponds to list of
section / surface
P i section / nodes for the element)
layered
section properties for section properties for
surface element surface element
with uniform section with varying section
(not layered or layered) (not layered or layered)

Figure 23 - Surface Property

If the section properties are uniform, thensheface section field constantentity is used. Theurface

section field_constantreferences one of therface sectionsubtypes to define the section properties for

the element. For a nonlayered element, the subtypf®rm surface sectionis used to specify the
membrane thickness, and any bending thickness and shear thickness. If the surface element is layered across
its thickness, theurface section field constantreferences aniform _surface section layered entity.

In this case, the membrane thickness is specified or determined elsewhere, by summing up the layer
thicknesses.

If the section properties vary ouvdie surface of the element, then slieface section field_varying entity

is used. The variation over the surface is represented by adistfate sectionentities referenced by the
surface section field_varying entity. As discussed above, thlsarface section subtype uniform _
surface section is used for nonlayered elements, amuform surface section layered for layered
elements

2.11.3.1.6. Curve Element Crosssection Properties
Cross section information such as area, moment of area, torsional and warping constants, etc. is specified

by referencing theurve_2d_element property for 2D axisymmetric and planar curve elements, and the
curve_3d_element property for 3D curve elements.
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2.11.3.1.7. Curve 2D Element Crosssection Properties

The curve_2d_element property references @urve_element derived section definitions entity that
defines the crossectional information. The crosgctional shape is represented byslaape.
representation and related to thelement representation through arepresentation relationship. The
crosssectionalshape representation may also be linked to the idealized analysis or hominal design
shape representationby ashape representation relationship (Figure24).

2.11.3.1.8. Curve 3D Element Crosssection Properties

A 3D curve element can be divided into intervals, each of which may have a separate property specification.
Each interval is represented by a subtype ofdinee element interval entity. The subtypeurve
element interval _constantis used for an interval of constant section, and the sulotype_element_

interval _linearly_varying is used for an interval whose section varies linearly from one end of the interval
to the otherFigure24).

axi / planai re h : shape h
curve 2d [€«— P —> shape =" pe 1 _ > shape idealized analysis shape
rel rep reprel ! rep
elem rep :_ or nominal design shape
_____ N
‘l’ curve XS (OPTIONAL)
curve 2d
element
property
section properties for °"'s"::tii|:m
2d curve element berived defd
idealized analysis shape idealized analysis shape
or nominal design shape or nominal design shape
—————— 1 ——————
curve 3d ! 1 curve 3d ! 1
clement |[«— TP L | shape | shape L- > shape cloment |«— TP || shape [ 1 shape \ | shape
rel rep , reprel ! ,-% rep rel rep , reprel ' 3 rep
rep L __ 1! . rep o T
i curve XS for T | ‘L "
i OPTIONAL) ! curve XS "
— interval 1 ( ) — forend 1 of (OPTIONAL) ! |
element shape : element interval 1 | shape ' :
rep rel
property i ' property rep rel n
1 (N}
I_L l ! l ]
—————— 1 o
curve elem| | list of o : h " curve elem| | list of : 1 X :
interval || intervals sr:pe <-4 © apel H interval || intervals shape (| shapel i !
constant | | P ! _rip_r_e 1 lin varying cune Xsfor | b L _rfp_r_e_ i
H curve XS for end 2 of T ,
interval 2 interval 1 |
curve elem curve elem| [curve elem h |
s_ectiun s_ectinn s_ectiun rse a’:; :
Herived defq | Herived defg Herived defs P \
1
" : end 1 of end 2 of l 1
section properties for interval interval 00—t m=---- a1
3d curve element nane : shape 1 :
ith i 1
‘c’:v:::sltl;tnelw)?g of section properties for rep < 7 reprel |
3d curve element curve XS for Lo j
with intervals of end 1 of
linearly varying XS interval 2

Figure 24 - Curve Property and Crosssection

The curve_element interval _constantentity references aurve_element derived_section definitions
entity that defines the croesgctional information for the interval. The cregsctional shape of each interval
is given by ashape representation The shapaepresentations arehained together byshape_
representation relationship entities in the order of the intervals. The fisbiape representationin the
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chain, i.e., theshape representation for the first interval, is related to thelement representation
through arepresentation relationship.

The curve_element interval linearly varying entity references twourve_element derived_section_
definitions entities that define the crasectional information for the two ends of the interval. The eross
sectional shpe at either end of the interval is given by shape representation These
shape_representationsre chained together lshape representation relationship entities, from end 1
for the first interval to end 2 for the first interval, and then to end thiosecond interval, and so on. The
shape representationfor end 1 of the first interval is related to tekement representation through a
representation relationship.

The crosssectionalshape representatiors for the intervals may be linked to tidealized analysis or
nominal desigrshape representationby shape representation relationship entities.

2.11.3.1.9. Explicit Elements

Explicit element representationsofnt_element representation, explicit_element representation and
directionaly_explicit_element representation) are used to state the stiffness, mass, and damping nodal
response matrices explicitly.

2.11.3.1.10. Node and Element Groups

Groups of nodes and elements are represented byfetheroup subtypes node group and
element_group respectively(Figure 25). Element_groups are subtyped further to contain 2D or 3D
volume, surface, and curve elements.féa group is associated to tHea modelthrough itsmodel ref
attribute The group id assigned to an eleimigy an application is represented by tteme attribute
inherited from thegroup supertype ofea group. The group id shall be unique within thea. model.
Relationships between groups of nodes or elements are representedylyufheelationship sultype
fea group_relation.

fea group fea group
node element
group set of nodes group set of elements

Y, W,

node
rep

element
rep

—

fea group | fer:Iagtriz:p »|fea group
group
relationship

Figure 25- Node and Element Groups
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2.11.3.1.11. Units for Finite Element Model

Units for anfea model are defined through the use of a complex instancglaifal_unit_assigned
context and geometric representation context When global units are used, units must be defined for
length_unit, plane_angle unit, solid_angle unit, mass unit, time_unit, and thermodynamic_
temperature_unit. The base units for STEP are Standard International (SI) twitsare represented
through thenamed unit subtypesi_unit. All other units (such as English units) are represented as
conversion based unit entities that referencg _units. Physical file examples for Sl and English units can
be found in Appendix B

2.11.3.2. FEA Specific Material Properties

Material properties idealized for use in FE Models are illustrateBlignre 26. This approach is an
extension of the generic more CAD oriented approach illustrat2®.inThe FEA specific properties are
specialized for various types of idealizations of elastic response, along with properties such as density, and
thermal and moisture coefficients.

product
T fea material specification
pdf
applied
T document »|document
| reference
prod def [€
+—I=|I_ I
prop mat
def | | prop | |
prop def ‘< ] data 5—,_.;1:;* ] element |_ element
rep : bnvironmengt prop rep : material | rep
— A
rep rep
~— ’[L"L
meas rep a mat prop
item rep item
ambient conditions fea specific material properties
(temperature, moisture, etc.) (linear elasticity, density,

thermal expansion, etc.)

Figure 2617 FEA Specific Material Properties
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2.11.3.3. Finite Element Analysis Control and Results

AP 209 ed?2 supports two types of FE analysis: linear static analysis and linear dynamic (modes and
frequencies) analysis. Each analysis has spemfitrols and associated results information.

2.11.3.3.1. Analysis Control

An FE analysiscontrol describes the operations carried upon annfealel. A control references the
fea_modelthrough itsmodel ref attribute. The control identifier represented by ¢batrol _id attribute

shall be unique within thiea_model. In AP 209ed2 an FE analysisontrol may have ampproval. See

Section 2.4 for guidance on creating épproval and related entities.

A single step in an analysis is represented bgomtrol_analysis step. A control_analysis step is
associated with eontrol through the attributanalysis control inherited from it@analysis stepsupertype,
and has an initial state defined bgtate entity.

The control_linear_static_analysis step subtype of thecontrol_analysis stepis used in a linear static
analysis. The final equilibrium state resulting from the application of static loads and constraints is
represented by theontrol_linear_static load increment _process(Figure27).

prod rel
prod cat —L
product
J Analysis of Part X
‘linear_static_analysis’ T
df
P analysis === r——=—====a
version ,_'____., :
T 1 1
[
prod def w d t :' -
hssoc docs ocument| _, o model,
adpd analysis control (OPTIOMAL)
T and results (OPTIONAL)
information
prod def
shape |
L3 |
[ 1
shape shape fea model
def rep def rep def control result
{ i 1 1t .
i esult linea
shape idealized point struc resp ctrltllgear L control static
rep analysis rep node prop static result analysis
l shape shape T ahalysis step rel sub ste
struc resp ctrl linear
a2p3d fea_a2p3d|| node set prop def rep . static load
ihcr procesg
1 J !
fea model|< state state calculated
state
'L initial input final input resulting
state state state
fea_a2p3d

Figure 27 - Linear Static Analysis - Control and Results
53



The control_linear_modes and_frequencies analysis step subtype of thecontrol_analysis step is
used in a linear dynamic analysithe final equilibrium state resulting from the application of dynamic
loads and constraints is represented byctmdrol_linear_modes and frequencies process(Figure28).

prod rel
prod cat |
product
1 Analysis of Part X
‘linear_modes_and_ T
frequencies_analysis’
pdf analysis =0 0 r-—---- A
version R :
1 T
[
prod def w/ d t :' =!
assoc docs F|document] o model, analysis control
adpd (OPTIONAL) and results
T (OPTIONAL) information
prod def
shape |_
A 4
I 1
shape shape fea model
def rep def rep def control result
I} v 1 11 .
shape | idealized point struc resp ctrl linear P control N res:t;::ear
rep analysis rep node prop "nalms§ fste resTIt analysis
‘lr shape shape T v I re sub step
struc resp ctrl linear
a2p3d fea_a2p3d|| node set rop def rep m&f
process
\l' L 4 'L 3
fea model < state state calculated
state
'1' initial input final input set of
state state resulting
fea_a2p3d states

Figure 28 - Linear Modes and Frequencies Analysis Control and Results

One or more constraints that direct the response offeanmodel may be associated with a
control_analysis step. Constraints are represented by subtypes ottimstraint_element entity. The
constraint identifier represented by te&ementid attribute shall be unique within thiea model.
Constraints may be applied to a node, a group of nodes, or a geometry element. A constraint that sets values
for one or more degrees of freedom at alsimgpde or substructure node is given bgirggle_point_
constraint_element A multi-point constraint that restricts the nodal freedoms at multiple nodes is given

by alinear_constraint_equation element The reduction of the degrees of freedom for aengdoup of

nodes, or a geometry element is given byodal dof reduction entity. The reference to a geometry
element is established throughamalysis item_within _representationentity (Figure29).
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Single point Single point Single point Single point Nodal dof Nodal dof Nodal dof Nodal dof Linear constraint

constraint constraint constraint constraint reduction reduction reduction reduction equation with
applied to a applied to a applied fo a applied fo a applied to a applied o a applied to a applied to a associated nodes
geometry node group node substructure geometry node group node substructure
element node element node
I I I I I I I [ I
control control control control control control control control control t of
analysis analysis analysis analysis analysis analysis analysis analysis analysis S? 0
step step step step step step step step step steps
single point| single point] single point] single point] nodal nodal nodal nodal linear
constraint constraint constraint constraint dof dof dof dof constraint
element element element element reduction reduction reduction reduction pan element
Vl’ Vl’ Vl’ Vl’ ‘lf ‘lf ‘lf ‘l' ‘N set of
i i I 1
ar}:g::ls node node ubstructurg ar::;‘:m node node ubstructurg I'Z:z;:i:':“ erms
within rep group rep node ref within rep| group rep node ref nedal term | |
v v v v Y
geo rep node geo rep node node
item rep item rep rep

Figure 29 - Constraint Definition Reference

2.11.3.3.2. Analysis Results

The analysis results specifying the response amfedel to a control are represented byremult entity.
A result follows from a singleesult_analysis stepin a linearanalysis. Aresult_analysis stepreferences
thecontrol through its inherited attribunalysis control. A result_analysis stepis relatedo acontrol_
analysis stepby acontrol_result_relationship.

Theresult_linear_static_analysis sub_step subtype of theesult_analysis stepis used in a linear static
analysis. The final state resulting from the application of static loads and constraints is represented by a
calculated stateHgure27).

The result_linear_modes and_frequencies analysis sub step subtype of theesult_analysis step is
used in a linear dynamic analysis. The final equilibrium state resulting from the application of static loads
and constraints is represented by is representadset of calculated statdsigure28).

In AP 209ed2 an FE analysisesult may have ampproval. See Section 2.4 for guidance on creating the
approval and related entities.

2.11.3.3.3. States and State Definitions

A staterepresents the body of information describing or requesting values of the analysis variables of an
fea_model. A state can be one of:specified statein which all of the information is known a priori; b)
calculated state in which information is calculed from a previous analysis step, l@early
superimposed state in which the information is obtained from a combination of previously calculated
and/or specified states, or aitput_request state in which information is requested about the variables

of the model. Aroutput_request stateapplies to one or moontrol_analysis steps.

55



A state is made up of the aggregate siate definitions that reference it. Information about the field

variables, prescribed or derived values are specified by specialized subtyptgedlefinition as
described belowsgeFigure30 andFigure31):

State definition for an element

State definition
for a geometry

State definition for a group of elements

element
state state state state state state state state state
E':E'.'E'Ft Semenl (1) (1) (1 (1) Q) leldvariablq  |elem group
freedom analysis ield variablg ield variablg ield variablg ield variablg ield variablg elem group analysis
actions message element def) element def] element def] element def] element def] value message
element element 2) () ) ar!alysm (5) element element
re re element element ubstructur item element rou rou
P P rep descriptor element ref| within rep| group group group
) @)
element element geo rep
item
rep rep
) @ [©) @ ©)

volume_3d element_field_vdue dein

wolume_3d_element_rep

vdume_3d_elemeni_descriptor

vaume_3d_substnucture_element_ref

vaume_3d_element_gp

volume_2d elemert_field_vaue dein

planar_volume_2d_element_rep

planar_volume 2d_element_desaripior

vaume_2d_substructure_element_ref

vaume_2d_element_gp

volume_2d element_field_vdue dein

axisymmetric volume_2d_dement_rep

vdume_2d_elemeni_descriptor

vdume_2d_substnucture_element_ref

vaume_2d_element_gp

surface_3d_elemeri_field value_defn

surface_3d dement_rep

suface_3d dement_descriptor

surface_3d_substudure_dement_ref

surface_3d dement_gp

surface 2d elemeri_field value defn

planar_surface 2d element_rep

planar_surface 2d element_descriptor

surface_2d substudure dement_ref

surface 2d dement_gip

surface_2d_elemeri_field value_defn

axisymmetric_surface_2d_dement_rep

axisymmetric_surface_2d_element_descr

surface_2d_substudure_dement_ref

surface_2d dement_gip

auve_3d_elemeni_field value_defn

auve 3d_dement_rep

cuve 3d_eement_descriptor

cuve_3d subsrudure dement_ref

curve_3d_element_gmp

curve 2d element_field value defn

plarar_curve 2d element_rep

planar_curve 2d elemert_descriptor

cuve 2d substrudure dement ref

curve 2d dement gp

curve 2d element_field value defn

axisymmetric_curve 2d_element rep

axisymmetric_curve 2d element_descr

curve 2d subdudure dement ref

cuve 2d dement gip

State definition for a node

state state

nodal node
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value def message

node node
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Figure 30 - FE State Definition Reference part 1 of 2
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state state state state
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Figure 31 - FE State Definition Reference part 2 of 2




Information pertaining to the field variables for an_femdel is given by théeld_variable_definition
subtype ofstate definition. Thefield_variable_definition entity is further subtyped as it is applied to a
node field_variable_node definition), an element figld_variable_element definition), a group of
elements field_variable_element group_value), or the entire model field variable whole
model_value). Thefield_variable_node definition, which may also be applied to a node and a group of
elements, has specialized subtypes depending on whether the type of element that the node belongs (2D or
3D; volume, surface or curve element). Thield variable_node definition is similarly subtyped
depending on the particulatement representationit is applied to (2D or 3D; volume, surface or curve
element). These subtypes may be applied individually to the respetdent representatiors, or
indirectly through their respectivadement descriptor. Thefield variable_element definition subtypes
may also be applied to a group of like elements, or to a geometry element throaighlyesis item_
within_representation

Since element locations féield variables are specified in the same mansehase for element properties,
refer to Section 21.3.1.3for a discussion on element locations. Similarly, refer to Sectidn21.4for a
discussion of relating element locations to plies in a laminate table.

Information representing values of nodal action for an element is given byléheent nodal_
freedom_actionsubtype ofstate_definition. The action is applied to a node by telement.

Information pertaining to the solution degrees of freedom at a node is given bhpdhkefreedom
and_value definition subtype ofstate definition. The nodal freedom and_value_definition may be
applied to a single node or to a groumofies.

NOTE - In specifying nodal actions for elements or solution degrees of freedom for nodes, ISGL0A303

and therefore AP 208d2 provides for the values to be specified separately from the corresponding degrees
of freedom. In order to minimizehé volume of data to be exchanged, an application should define one
instance ofreedoms list entity for each of the combinations of the degrees of freedom that are needed. The
degrees of freedom for anglement nodal feedom actions, nodal_freedom and_value definition,
point_freedom and value definition, curve_freedom and_value definition, surface freedom and_
value_definition, andsolid_freedom and_value_definition entity can then be specified by referencing the
appropriatédreedoms list instance.

Finally, information such as notes, warnings, or errors is given bartag/sis messagesubtype of
state_definition. The analysis messageentity is further subtyped as it is attached to a noueld_
analysis messagg an element glenent_analysis message a group of elementselement group
analysis messagg or the entire modeiwhole_model analysis messagg

2.11.3.3.4. State Relationships

In associatingtate definitions to the correspondingjates, state relationships may be used to provide

an unordered grouping of thestates. In this manner, the associatiorstidte definitions can be extended

to more than onstate, as in the case of a boundary condition belonging to more than one load case. In such
a situation,each boundary condition (that istate definition) would be associated with its own
specified_state Load cases, which are composed of some combination of these boundary conditions, are
represented in turn by their owstates. State relationships are ten used to relate ttepecified statefor

each boundary condition in the load case tcsthgefor the load case (séegure32).
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state state state state
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state state state state
definition definition definition definition

Figure 32 - State Relationships

2.11.3.4. Analysis Reports

Documentation of the femodel, controls and results information is accomplished thraloglument
entities are attached to the analysisoduct definition (product definition with _associated
documentg. Tabular or graphical information is indicated ¢Btting theproduct_data_type attribute of
the documentype entity referenced by an analysiscumentto 6t a b u | report f il eob
6graphirepart f i | eThe association of analysis reports tdesmn modelis realized through
the fea_model definition shape aspect of thproduct_definition_shape of the analysisproduct_
definition. The association of analysis reports tooatrol is in turn realized through referencing of the
fea_model by the control. The association of analysis reports doresult is made through the
result_analysis step,which links theresult to thecontrol, as shown ifrigure27 andFigure28.

58



Appendix A Physical File Example

This physical file showthe minimum number of entities instances required in an AR&28le. This file
uses entity long names and is formatted for readability. The actual number of characters needed to represent
the data would be considerably less if short names were useghanbt formatted for readability.

ISO- 10303 - 21;
HEADER,;
FILE _DESCRIPTION(('THIS IS A SAMPLE AP209 ed2 STEP MODEL"),'2;1";
FILE_NAME( CONCEPTUAL PART EXAO02P15E12:00:@2 016
(KEITH HUNTEN'),(NONE "),'NO VERSION',
'HAND POPULATED','/APPR OVED BY KEITH A. HUNTEN?");
FILE _SCHEMA((AP209_MULTIDISCIPLINARY _ANALYSIS_AND DESIGN_MIM_LF));
ENDSEC;
DATA;
#1078=COORDINATEDUNIVERSAL TIME_OFFSET(6,$,.BEHIND.);
#1079=LOCAL_TIME(12,0,$,#1078);
#1083=PERSON('1111111''HUNTEN','KEITH (M).$.9);
#1084= ORGANIZATION('CAX IF''LOTAR '");
#1085=PERSON AND ORGANIZATION(#1083,#1084);
#1086=CALENDAR DATE(1999,28,3);
#1087=DATE_AND TIME(#1086,#1079);
#1102=APPLICATION _CONTEXT( AP209_MULTIDISCIPLINARY_ANALYSIS_AND_ DESIGN_MIM_LF);
#1103=APPLICATION _PROTOCOLDEHRNITION('international standard',
' AP209_MULTIDISCIPLINARY_ANALYSIS_AND_DESIGN_MIM_LF, 2014 ,#1102);
#1104=PRODUCT CONTEXT(",#1102,'design');
#1105=PRODUCT('2865000 - 1','REAR PANEL''REAR PANEL FOR BOX',(#1104));
#1106=PRODUCTRELATED PRODUCTCATEGORY (‘detail',",(#1105));
#1107=PERSON AND ORGANIZATION ROLE('design  owner");
#1108=APPLIED _ PERSONAND ORGANIZATION ASSIGNMENT (#1085,#1107,(#1105));
#1109=PRODUCT CATEGORY ('part',");
#1110=PRODUCT CATEGORYRELATIONSHIP(",",#1109,#1106);
#1119=PRODILCT_DEFINITION _FORMATION('-''PRE - RELEASE'#1105);
#1120=PERSON AND ORGANIZATION ROLE('design  supplier’);
#1121=APPLIED _ PERSONAND ORGANIZATION ASSIGNMENT (#1085,#1120,(#1119));
#1128=SECURITY_CLASSIFICATION _LEVEL(‘unclassified'); 3
#1129=SECURITY_CLASSIFICATION(",",#1128);
#1130=APPLIED _SECURITY_CLASSIFICATION _ASSIGNMENT(#1129,(#1119));
#1147=PERSON AND ORGANIZATION ROLE('classification officer’);
#1148=APPLIED _PERSONAND ORGANIZATION ASSIGNMENT (#1085,#1147,(#1129));
#1153=DATE_TIME_ROLE('classif ication date’);
#1154=APPLIED _DATE AND TIME_ASSIGNMENT (#1087,#1153,(#1129));
#1155=PRODUCTDEFINITION _CONTEXT(",#1102,'design");
#1156=PRODUCT DEFINITION('design',",#1119,#1155);
#1175=PERSON AND ORGANIZATION ROLE('creator’);
#1176=APPLIED _PERSONAND ORGANIZATION ASSIGNMENT (#1085,#1175,(#1119,#1156));
#1181=DATE_TIME_ROLE('creation date’);
#1182=APPLIED _DATE AND TIME_ASSIGNMENT (#1087,#1181,(#1156));
ENDSEC;
END ISO- 10303 - 21,
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Appendix B Units Examples

This appendix is provided to give examples of instantiatidrsP 209ed2global units for both standard
international (SI) and English units.

When instantiated in a physical file, global Sl units where length is expressed in centimeters with an overall
model closure tolerance of .000001 of a centimeter wouldsase

#1=DIMENSIONAL_EXPONENTS(0.0,0.0,0.0,0.0,0.0,0.0,0.0);
#13=(LENGTH_UNIT()NAMED_UNIT(*)SI _UNIT(.CENTI.,.METRE.));
#14=(NAMED_UNIT(*)PLANE _ANGLEUNIT()SI _UNIT($,.RADIAN.));
#15=(NAMED_UNIT(*)SI _UNIT($,.STERADIAN.)SOLID _ANGLE UNIT());
#16=UNCERTAINTY MEASUREWITH_UNIT(LENGTH_MEASURE(0.000001),#13,",");
/* Context for shape representations */
#17=(GEOMETRIC REPRESENTATIONCONTEXT(3)
GLOBAL UNCERTAINTYASSIGNED CONTEXT((#16))
GLOBAL UNIT_ASSIGNED CONTEXT((#13,#14,#15))
REPRESENTATIONCONEXT(","));
#21=DIMENSIONAL_EXPONENTS(0.0,0.0,0.0,0.0,1.0,0.0,0.0);
#22=(NAMED_UNIT(*)SI _UNIT($,.DEGREE _CELCIUS.)
THERMODYNAMICEMPERATURBINIT());
#23=DIMENSIONAL_EXPONENTS(0.0,1.0,0.0,0.0,0.0,0.0,0.0);
#24=(MASS_UNIT()NAMED_UNIT(*)SI _UNIT($,.GRAM ).));
#25=DIMENSIONAL_EXPONENTS(0.0,0.0,1.0,0.0,0.0,0.0,0.0);
#26=(NAMED_UNIT(*)SI _UNIT($,.SECOND.)TIME _UNIT());
[* Context for FEA model */
#27=(GEOMETRIC REPRESENTATIONCONTEXT(3)
GLOBAL UNIT_ASSIGNED CONTEXT((#13,#14,#15,#22 #24 #26))
REPRESENTATIONCONTEXT(","));

When instantiated in a physical file, global English units where length is expressed in inches with an overall
model closure tolerance of .000001 of an inch would appear as:

#1=DIMENSIONAL_EXPONENTS$(.0,0.0,0.0,0.0,0.0,0.0,0.0);
#13=(LENGTH_UNITONAMED_UNIT(*)SI _UNIT(.CENTI.,.METRE.));
#14=(NAMED_UNIT(*)PLANE _ANGLEUNIT()SI _UNIT($,.RADIAN.));
#15=(NAMED_UNIT(*)SI _UNIT($,.STERADIAN.)SOLID _ANGLE UNIT());
#16=LENGTH MEASUREWITH_UNIT(LENGTH_MEASURE(2.54) ,#13);
#17=DIMENSIONAL_EXPONENTS(1.0,0.0,0.0,0.0,0.0,0.0,0.0);
#18=(CONVERSION BASED UNIT(INCH'"#16)LENGTH _UNIT()NAMED_UNIT(#17));
#19=UNCERTAINTY MEASUREWITH_UNIT(LENGTH_MEASURE(0.000001),#18,",");
/* Context for shape representations */
#20=( GEOMETRICREPRESENTATIONCONTEXT(3)

GLOBAL UNCERTAINTY ASSIGNED CONTEXT((#19))

GLOBAL UNIT_ASSIGNED CONTEXT((#18,#14,#15))

REPRESENTATIONCONTEXT(","));
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Appendix C Finite ElementModel Result Structures

This appendixs a draft collection fodiscussions, concepts, diagrams and examples resulting from efforts
to generate 1SO103a309e2 compliant structures for NASTRAN FEM results.

The entity diagrams are used to convey the overall concepts and important inheritance relationships. These
diagrams were generated using a UML modeling tool (hence the UML look and feel). However, they are
not necessarily equivalent to the EXPRESS schéfiaay details are omitted for clarity. The reader can

use the diagrams find relevant entities in the ISO103@89e2 hypertext documentation.

The instance diagrams give clues as to how the data model is instantiated in the Part21 files. They are simple
pictures generated in powerpoint that capture paper sketches of instance relationships and cardinality. They
do not adhere to a rigorous mappgmgcification.

Lastly, fragments of the EXPRESS schema and Part21 file text are included to illustrate key concepts and

referencing. The reader should always reference the full EXPRESS schema definition found in the hypertext
documentationl&O/CD 10303209 Application protocol: Multidisciplinary analysis and desigr).
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C.1 Quantity i Nodal Displacement
The displacement output quantity is the deflections at each node in the specified degree of freedom for the

node. For general 3D problems, the displacemeator for each node will be the six degrees of freedom
in rectilinear space.

C.1.1 NASTRAN Cards
Output deflection for the entire model. "All" is only set specificatimtussed

$ request deflections for entire model
DISPLACEMENT = ALL

C.1.2 Entity Diagram - Nodal Displacement

The inheritance diagram is shown below. The bulk of the attributes are defined in the
nodal_freedom_and_value_definitionentity. The nodal_freedom_action_defintionleaf is used for
specifying applied loads at the nodes and is noudised here. Theodal_freedom_valuedeaf is used to
specify output request and results.

dbinstance
state_definition

7

nodal_freedom_and_v alue_definition

AN

nodal_freedom_v alues

Figure C1 - Inheritance diagram farodal displacement
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C.1.3 EXPRESSSchema Texti Nodal Displacement

The relevanEXPRESSentity, type and enumeration specifications are listed. Red text is the selected
subtype, select choice or enumeration. The green highlights identify the attributes, and the blue text
indicates the type of the attribute.

ENTITY state_definition
SUPERTPE OF (ONEOF (field_variable_definition,
nodal_freedom_and_value_definition,
element_nodal_freedom_actions,
point_freedom_and_value_definition,
curve_freedom_and_value_definition,
surface_freedom_and_value_definition,
solid_freedom_and_value_definition,
linear_constraint_equation_element_value,
single_point  _constraint_element_values,
analysis_message));
defined_state . state ;
END_ENTITY;

ENTITY nodal_freedom_and_value_definition
SUPERTYPE OF (ONEOF (nodal_freedom_values ,
nodal_freedom_action_definition))
SUBTYPE OF (state_definition);
node : node_output_reference ;

coordinate_system . fea_axis2_placement_3d ;

degrees_of _freedom . freedoms_list ;

values | LIST[1:?] OF measure_or_unspecified_value ;
WHERE

WR1: SIZEOF(degrees_of_freedom.freedoms) = Sl ZEOF (values);
END_ENTITY;

ENTITY nodal_freedom_values
SUBTYPE OF (nodal_freedom_and_value_definition);

END_ENTITY;
TYPE node_output_reference = SELECT
(analysis_item_within_representation,
node_group,

node_representation ,
substructure_n ode_reference);
END_TYPE;

ENTITY freedoms_list ;

freedoms | : LIST[1:?] OF degree_of_freedom;
END_ENTITY;
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C.1.4 Instance Diagrami Nodal Displacement

The AP209e2instance names apesented in this simplified diagram as an example of the relationship
between th@odal_freedom_valueghat represent the output request anchitdal_freedom_valueghat
represent the actual deflecticesultsdata at each degree of freedom at each fipde

Figure C2 - Instance diagram for nodal displacement
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