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1 Introduction

This document specifies the recommended practices for the transfer of user defined attributes
(UDA) in CAD systems. These attributes are usually not derived from the part itself, but are add-
ed manually by the CAD system user to supplement the model with additional information. User
defined attributes may also serve as a place to store certain information from a native system
that has no one-to-one counterpart in the target system.

User defined attributes are usually transferred as key-value pairs, i.e. the type of attribute is
transferred (e.g. a length_measure), the corresponding unit, if applicable, is given either ex-
plicitly or implicitly by the context, and finally the actual value. In order to enable a round-trip
conversion, it may also be useful to transfer the name of attribute type as defined in the native
system.

2 Scope

The following are within scope of this document:
e Transfer of user defined attributes as key-value pairs

e Transfer of meta-data for the attributes, such as the name of the type in the originating
system

e Definition of sets of attributes and attribute values
e Assignment of the attribute value to a part, including assembly component instances
e Assignment of the attribute value to a section of the part shape, i.e. solids or surfaces
e Definition of Validation Properties for User Defined Attributes

The following are outside of the scope of this document:

e Transfer of any kind of Validation Properties other than those directly for UDA (for Prod-
uct Manufacturing Information (PMI) Validation Properties, Assembly Validation Proper-
ties and Geometric Validation Properties, see the corresponding Recommended Prac-
tices)

e Transfer of Density and Material Identification (see corresponding Recommended Prac-
tices)

e Assignment of properties to non-solid or non-surface models
e Assignment of properties to a product, document or feature, or its definition
e Definition of CAD-system specific structures for the association of UDA to geometry

3 Document Identification

For validation purposes, STEP processors shall state which Recommended Practice document
and version thereof have been used in the creation of the STEP file. This will not only indicate
what information a consumer can expect to find in the file, but even more important where to find
it in the file.

This shall be done by adding a pre-defined ID string to the description attribute of the
file_description entity in the STEP file header, which is a list of strings. The ID string con-
sists of four values delimitated by a triple dash (*---*). The values are:
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Document Type-—--Document Name-—--Document Version—-—--Publication Date

The string corresponding to this version of this document is:

CAx-IF Rec.Pracs.—-—--User Defined Attributes---1.0---2011-10-14

It will appear in a STEP file as follows:

FILE_DESCRIPTION(('...', '"CAx-IF Rec.Pracs.-—-User Defined Attributes—-—-—-1.0--—-
2011-10-14"',),'2;1");

4 Fundamental Concepts

The approach used to transfer user defined attributes is the “general property” approach intro-
duced in Part 41. It is based on the concept that an attribute (the key in a key-value pair) is de-
fined once as a placeholder, and is then used to assign the actual values to the respective target
elements as often as needed.

The main reference points in a STEP file for which such an attribute may be defined in the given
context are:

e the entire part (product_defintion)
e an instance of the part in an assembly (product_definition_relationship)
e a portion of the shape defining the part (shape_aspect)

There are a number of pre-defined property types in STEP that may be used to store a user-
defined attribute. In the context of this document, this includes:

e descriptive attributes

o name and description
e measure values

o nhame and value

o name, value and unit

Note: The property_definition, which is the starting point for the definition of an attribute
value, has been identified by two means in earlier (pre-0.6) drafts of this document:

e the factthat a general_property is associated with it
e the magic string ‘user defined attribute’

This was a redundant definition, since the association of a general_property alone already
conveys the intent that this is a user defined attribute, and it also considerably limited the poten-
tial offered by the use of general_property. Hence, the magic string will no longer be used.
The new section 5 will explain the details.

5 Definition of the Attribute, Usage and Sets

Even though User Defined Attributes, as the name suggests, are usually defined by the user,
they are not entirely arbitrary. There is typically a limited range of attributes, which is then as-
signed many times to the various elements or instances thereof in the model. These attributes
and their values may be extracted by other applications (PDM, downstream processes, etc.) for
further use. Sticking with the idea that a UDA is a key-value pair, the approach in STEP is to
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define the ‘key’ only once and then use it to assign the applicable values to many elements in
the model.

However, many CAD systems do not handle user attributes that strictly internally. Two different
elements in the model can have two attributes with the same name, but entirely different mean-
ings. To support this concept, the recommendation in the context of the CAx-IF is to keep the 1:1
relationship between general_property and property_definition. However, the attrib-
ute name shall be used as the name attribute values of these entities.

5.1 Definition and Use of General Property

The general_property entity will define a ‘data field’ or ‘key’ for a user defined attribute. This
can then be used to assign a value to one or several elements in the model. The following rules
apply to the general_property.name:

e it carries the name of the user defined attribute
e itis unique for the (combination of) elements it is assigned to
To assign a value for this attribute:

e create a property_definition with the same name as the general_property
(this is enforced by a where rule in both AP203e2 and AP214)

e |ink the two together with a general_property_association with an empty string as
the name

Figure 1 below illustrates the structure needed to define a UDA. The “model element” may be
any of the options shown in section 6, and the attribute value and corresponding subtype of
representation_item may be any of the options shown in section 7 below.

Reprasantation . .
[ * value
Ganeral
Genreral e . Property
Property o Definition .
Association .
1. oo *| Model Element
Adtribute A Aliribute A

Figure 1: Definition of an attribute name and its usage

Note that PDM systems may follow the original idea in STEP, and define one general_ -
property which has many property_definitions associated with it. The meaning of this
is there is an attribute, which is defined once, and has many values of it assigned to various
elements in the model. On import, this should be resolved so that there is one UDA with that
name per model element.

5.2 Definition of Attribute Sets

User Defined Attributes can be grouped on two semantic levels: the attribute definition (and thus
all its usages) or an individual attribute value.

5.2.1 Groups of Attributes

Note that systems handling user attributes in a way that all attributes with the same name have
the same meaning may also define groups on this level. This level of grouping is listed here for
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completeness. In the context of the CAx-IF, groups of attributes will always be defined on the
attribute level, see section 5.2.2 below.

To define a group of attributes in the sense that this grouping shall also be applied to all values
of the respective attributes (e.g. the calculated weight, nominal weight and actual weight of a
part), a general_property Will be created for that group, carrying the name of the group, and
relating all general_property instances which are members of the group.

The following rules apply to the general_property_relationship attribute values:
e relating property:the general_property that defines the group of attributes
e related_property:the general_property that defines an attribute in that group

* name: ‘decomposition’

5.2.2 Groups of Attribute Values

The approach to define a group of attribute values — i.e. which apply to the specific use of the
respective attributes — is quite similar to the grouping of attributes themselves, only it will now
happen on the property_definition level.

'weight walue PIOpPErty definition {Mode !
T O ¥_

groun’ Same definition Element)

R (o]

ﬁ:_..uL1:|-_|_;-:.-'.'-_:'-.-:. Ly delinit j.-.-:)

9]

Property Property
‘decomposition' O—— definition definition
S relationship relationship
i related property definition l
‘actual property Property A
welght! : sqapme | definition F definition de finitlaon

"nominal
L wzight'
.y

Figure 2: Defining a group of attribute values

Note that all property_definitons — the one defining the group and all of the ones defining
the attribute values — need to reference the same model element as their definition (one of
the choices from section 6). This means that only values for the same model element can be
grouped.

The following rules apply to the property_definition_relationship attributes:

e relating property_definition: the property_definition that defines the
group of attribute values

e related_property_definition: the property_definition that defines an at-
tribute value in that group

e name: ‘decomposition’
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6 Specifying the Target for the Attribute

User defined attributes can be attached to the geometry in a STEP file at different levels of gra-
nularity, i.e. individual solids or surfaces, or entire parts. While all CAD systems support the defi-
nition of attributes at the part level, only some systems can handle attributes at the level of indi-
vidual shape elements.

6.1 Alttributes at the Part/Product Level

The following diagram illustrates the assignment of user defined attributes at the part/product
level. The definition of the attribute value, which links to the property_definition, is de-
scribed in section 7.

. product
i tel PIOf Ly product C .
) e . definition - - definition_
" CLE definition formation
dﬁfi:i?iczwj ﬁE_prﬁﬂun:L
product
definition_ praoduct
iation shape
TJULiHiL_UH
'norinal shape
) b - definition_
1 LS P
Represen-
Lation
Jjused_rap:es%:tati:n
shape
represen-
tation

Figure 3: User defined attributes at the part/product level

Part21 Example:

#10=PRODUCT ('part 1', 'part 1', '', #8);
#20=PRODUCT_DEFINITION_FORMATION('version 1', '', #10);
#30=PRODUCT_DEFINITION ('design', $ ,#20, #9);
#40=PRODUCT_DEFINITION_SHAPE('', $, #30);
#50=SHAPE_DEFINITION_REPRESENTATION (#40, #60);
#60=SHAPE_REPRESENTATION('#60, (#895, #442, #447, #452, #889), #891);
#70=PROPERTY_DEFINITION('nominal weight', $,#30);
#80=GENERAL_PROPERTY_ASSOCIATION('', $, #90, #70);
#90=GENERAL_PROPERTY ('', 'nominal weight', $);

This applies to both individual parts and assemblies.
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6.2 Attributes at Component Instances in an Assembly

If the user defined attribute shall be assigned to a specific instance of a component within an
assembly, the property needs to be attached to the assembly definition. If the instance in ques-
tion is an immediate child of the assembly node, the attribute will be attached to the NAUO:

next
product_ agsembly product
definition relating | usage definiticon
produoct_ n:cuwre;ce

definition

Figure 4: User defined attribute for a simple component instance in an assembly

Part21 Example:

#10=PRODUCT ('part 1','part 1','', #8);
#20=PRODUCT_DEFINITION_FORMATION('version 1','', #10);
#30=PRODUCT_DEFINITION ('design',$, #20,#9);

#40=GENERAL_PROPERTY ('', 'assembly step',$);

#110=PRODUCT ('assembly 1', 'assembly 1','', 8);
#120=PRODUCT_DEFINITION_FORMATION('version 1','"',6 #110);
#130=PRODUCT_DEFINITION('design',$, #120, #9);
#150=NEXT_ASSEMBLY_USAGE_OCCURRENCE ('ASS1_PRT1','', 'Assl:Prtl"', #30,#130,"'");
#160=PROPERTY_DEFINITION('assembly step',$,#150);
#170=GENERAL_PROPERTY_ASSOCIATION('"',$S, #40,#160);

If the specific instance the attribute shall be attached to is several levels down in the assembly
tree, a relationship using the entity type specified_higher_usage_occurrence (SHUO)
has to be established.

Note that some CAD systems are not capable of assigning attributes to SHUOSs, due to the way
they structure their model and handle such properties internally. These systems will not be able
to export or import UDAs attached to SHUO. See also section 8 (UDA Validation Properties).

The diagram below illustrates this using the AS1 example:
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©
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2 ( L-Bracket Nut-Bolt-Assy R
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Aftribute
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attribute can be attached directly
to the corresponding MALIO

Figure 5: The use of SHUOQ to identify an instance deeper down in the assembly

A single SHUO will allow identification of an instance two levels down in the assembly structure.
If it is necessary to go down even further, a chain of SHUOs needs to be created bottom-up, i.e.
the higher SHUOSs reference the lower ones. In the example above, if a specific instance of a
Nut shall be identified from the root node, the structure would look like this:

Top Level Level1 Level 2

-- (Nt )
upper_usage next_usage

SHUO

Upper_usage related _pd

relating_pd next_usage

related_pd

Aftribute

Figure 6: Use of multiple SHUQOs to navigate through the assembly structure

Note that each SHUO may be created only once, since there is a uniqueness rule saying that
the combination of upper_usage and next_usage shall be unique within the file. Each SHUO
can be used, however, to associate a number of user defined attributes or other properties (such
as styles) to the component instance.
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6.3 Alttributes at the Solid/Surface Level

To assign a user defined attribute to a portion of the part shape, the structure as shown in Figure
7 below is used. As stated in the introduction, please note that not every CAD system may be
able to find attributes which are assigned at the solid/surface level.

product
definition
definitinncf
product
| shape_aspect p— definition_
of s
of shape shape

definition T definition T
shape shaps_
definition_ definition_
TEpresan— represen—
taticn tatian
']ﬁ?"— used representation
J_'EET"L'ESEf'ltaT_l-:-.__
o]
. shape
shape —
— repraszen—
represen= s
) tation
taticn s
(subtyoe)
items 5[1:7]

fgeometric

alements)

Figure 7: Assignment of an attribute at the solid/surface level

The geometric elements to be referenced typically are manifold_solid_brep for solids and
advanced_face for surfaces. In general, all types of geometric_representation_item
are allowed, including edges, shells and surface models.

Part21 Example:

#10=PRODUCT ('part 1','part 1','',#8);
#20=PRODUCT_DEFINITION_FORMATION('version 1','', #10);
#30=PRODUCT_DEFINITION ('design',$, #20,#9);
#40=GENERAL_PROPERTY ('', 'shipping information', $);
#200=PRODUCT_DEFINITION_SHAPE('',S$, #30);
#210=SHAPE_DEFINITION_REPRESENTATION (#200, #220) ;
#220=ADVANCED_BREP_SHAPE_REPRESENTATION ('#220"', (#225, #226),#219) ;
#230=ADVANCED_FACE ('#230', (#232), #235, .T.);
#250=SHAPE_ASPECT ('face #230',S,#230, .F.);
#260=SHAPE_DEFINITION_REPRESENTATION (#250, #270) ;
#270=SHAPE_REPRESENTATION('"', (#230), #219);
#260=PROPERTY_DEFINITION('shipping information',$,#250);
#290=GENERAL_PROPERTY_ASSOCIATION('"',$, #40,#260);
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Note that there are now two ways in STEP to assign a property with a portion of the part shape.
The approach shown here, using shape_definition_representation and shape_re-
presentation to collect the geometric elements of interest is the “classic way”, which is widely
used in the context of Geometric Validation Properties. It is capable of collecting any number of
geometric elements with the two entities mentioned above.

There is also a newer way, using the entity type item_identified_representation_-
usage Which is contained in AP203e2 and AP214e3. This approach is used in the definition of
PMI, but can at the moment only identify one specific geometric element, making the implemen-
tation rather cumbersome for UDA, where typically a larger number of geometric elements are
associated with one property.

Note that in future activities, especially in the context of PMI data exchange, the need to assign
UDAs to machining features (hole, thread, pocket, round, fillet, chamfer,...) in the model may
come up. This type of features is supported by AP214. The dedicated entities for the semantic
transfer of feature information (e.g. round_hole) are subtypes of shape_aspect. This means
that the structure defined in this section is upward compatible, and exporting the geometry form-
ing such features from a CAD system as plain shape_aspects now is a first step in this direc-
tion.

Note that there are some CAD systems which have additional structuring mechanisms in their
model tree beyond the usual part / assembly structure or layers and groups, as they are defined
in STEP, and may be capable of assigning user defined attributes to elements of these struc-
tures. The so-called “geometrical sets” in CATIA V5 are one example. As there is no equivalent
mechanism in STEP for these system-specific structures, and usually no match in other systems
as well, it is recommended to resolve these structures on export to STEP as described above,
following the assumption that

Each User Defined Attribute is valid for all Geometric Elements assigned to the shape_aspect.

Though it is technically possible to define “user practices” which preserve these structures in a
CAD to STEP to CAD roundtrip exchange, these STEP files would typically not be interoperable
with other CAD systems, hence introducing ‘flavors’ to STEP that may lead to unexpected side
effects for users not aware of these details. If such practices are employed, they need to be
handled with great care and the limitations communicated clearly to all users. It is recom-
mended that an “Implementor’s Agreement” be established between organizations wishing to
exchange this type of data.

7 Definition of the Attribute Value

Depending on the information content of the user defined attribute which shall be transferred,
STEP allows for its definition as either name and description, name and value, or name, value
and unit. In every case, the anchor entity is the property_definition which is highlighted in
the figures in section 6 above.

To this property_definition, the actual value in the form of the applicable subtype of
representation_item is then linked through a property_definition_representation
and a representation.

Note that in order to unambiguously define a value for the attribute (see section 5.1), there may
be only one representation_item in the set of items of the representation.

With the currently available STEP schemas, this is indeed rather circumstantial, but unavoidable.
The CAXx-IF will therefore encourage the standardization groups to pick up the suggestion to
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invent an entity type property_definition_with_value, which will allow streamlining the
implementation by attaching the single representation_item subtype directly to the
property_definition. This was in fact proposed before, but rejected at that time.

7.1 Descriptive / String Attribute

A descriptive attribute stores an arbitrary text string in the description attribute. As usual in
STEP, any special characters in the name or description need to be encoded in Unicode. The
name shall be left empty, or, if used, repeat the name of the attribute.

property
- property . definition_ . represen-
na iefinition [Gefinition represen- tation
tatian

Latian item

meend £ Pt

"This Side U

Figure 8: Definition of a user defined descriptive attribute
Part21 Example:

#10=GENERAL_PROPERTY ('', 'shipping information',$);
#70=PROPERTY_DEFINITION('shipping information',$, #30);
#71=DESCRIPTIVE_REPRESENTATION_ITEM('', 'This Side Up"');
#72=REPRESENTATION('', (#71), #162);
#73=PROPERTY_DEFINITION_REPRESENTATION (#70, #72);
#75=GENERAL_PROPERTY_ASSOCIATION('',S$, #10, #70);

7.2 Value Attribute
A value attribute transports a general value which is not a piece of text, i.e. it is either

e aninteger value
e areal value, which does not represent a measure value (see 7.3 below for those)
e aboolean value

AP203 edition 2 does (and AP242 will) provide specific subtypes of representation_item,
that each have a name (again, to be left empty or to repeat the name of the attribute) and an
attribute called “the_value” which is of the respective type:

® integer_representation_item.the_value is of type INTEGER
® real_representation_item.the_value is of type REAL

® Dboolean_representation_item.the_value is of type BOOLEAN
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Figure 9: Definition of a user defined value attribute (INTEGER in this case)

Part21 Example:

#11=GENERAL_PROPERTY ('', 'assembly step',$);
#160=PROPERTY_DEFINITION('assembly step',$, #150);
#161=INTEGER_REPRESENTATION_ITEM('"',2);
#162=REPRESENTATION('"', (#161),#266);
#163=PROPERTY_DEFINITION_REPRESENTATION (#160,#162);
#164=GENERAL_PROPERTY_ASSOCIATION('',$,#11,#160);

Note that the specific subtypes shown here are not available in AP214. The following work-
arounds are suggested for use in AP214 (see also older versions (pre-0.8) of this document):

for INTEGER, use a value_representation_item with count_measure. Keep in
mind that count_measure is of type NUMBER, i.e. will map to REAL in the STEP file.
Therefore it is suggested to use an additional attribute (see 7.4 below) to explicitly trans-
fer the information that this shall be interpreted as INTEGER.

for REAL, use a value_representation_item with numeric_measure.

for BOOLEAN, use a descriptive_representation_item (as in 7.1), where the val-
ue of the .description attribute is either “TRUE” or “FALSE”. Again, it is suggested to
use an additional attribute (see 7.4 below) to explicitly transfer the information that this
shall be interpreted as BOOLEAN.

7.3 Measure Attribute
A measure attribute is given by its name, the measure value, and the measure unit.

Please refer to Annex B of this document for the specific measure types supported in STEP.
Please refer to Annex C for the definition of the corresponding units. During the Round25J Re-
view Meeting, the following agreement was made concerning the transfer of values with types:

If it is possible to define the corresponding measure type and unit in the respective STEP
AP, transfer it semantically as described above. Note that there is a difference between
AP203e2 and AP214 due to the different versions of Part41 being used.

If there is no corresponding type / unit, transfer the value including the unit as a text
string (see 7.1)
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Figure 10: Definition of a user defined measure attribute

Part21 Example:

#120=GENERAL_PROPERTY ('', 'Hole Keep Out', $);
#5310=DIMENSIONAL_EXPONENTS(1.E0,0.E0,0.E0,0.E0,0.E0,0.E0,0.E0);
#5320=(LENGTH_UNIT () NAMED_UNIT (*)SI_UNIT(.MILLI., .METRE.));
#5330=LENGTH_MEASURE_WITH_UNIT (LENGTH_MEASURE (2.54El), #5320) ;
#5340=(CONVERSION_BASED_UNIT ('INCH', #5330) LENGTH_UNIT () NAMED_UNIT (#5310));
#5350=MEASURE_REPRESENTATION_ITEM('',POSITIVE_LENTGH_MEASURE (10.5), #5340);
#5360=REPRESENTATION('"', (#5350),#200) ;

#5370=PROPERTY_DEFINITION ('Hole Keep Out',$,#300);
#5380=PROPERTY_DEFINITION_REPRESENTATION (#5370, #5360) ;
#5390=CENERAL_PROPERTY_ASSOCIATION('',S$,#120,#5370);

7.4 Transfer of Meta-Data for the User Defined Attributes

In order to enable a round-trip exchange of user defined attributes via STEP in a way that the
attributes are mapped onto the same definition as in the native system they originated from, it is
also possible to add additional information about the attributes, groups, or their values. This is
optional, and follows the same approach as described in 7.1 — but without the use of a
general_property —and one or more of these may be added to the following elements:

e definition of an attribute (see 5.1): property_definition for “meta data” pointing to
the general_property defining the attribute

e definition of an attribute group (see 5.2.1): property_definition for “meta data
pointing to the general_property defining the attribute group

e definition of an attribute values group (see 5.2.2): property_definition for “meta da-
ta” pointing to property_definition defining the attribute values group

e an individual attribute value (see 7.1 - 0): property_definition for “meta data” point-
ing to property_definition defining the attribute value.
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7.4.1 Definition

Using this mechanism, it is possible to add even more information about an attribute, an attribute
value, or group thereof. This may include CAD-system specific data, such as whether the attrib-
ute is relevant for a data management system or not. The identifier of the additional information
is carried in the property_definition.name attribute, and the value is transferred in the
representation_item in the set of items of the referenced representation.

name general |

'Hole Heep baze
Out' definition

general

Property

asspciation Lo
'Hole Heap = . - sy \ Hesc ! -
:1.’1_.'1-_' T ldir‘.‘-ﬁe d definition - O Ee

DrOpe ity
i ,lihf-J[ iti - F MEASUES
FOpPerTY 10 presen=
Pt ...[_.F.:.1 Yo | efinition_ rep =3 . 1 reprecen-
nams definition fepresen= tatlon ftens [ parjon item L
tation S[1:7] -
T ,_'_i-'_'l_“_
definition reprasantation

Figure 11: Specification of meta-data for an attribute and one of its values

The “meta data” will be defined as a “property of a property”, and they can be distinguished eas-
ily from the actual user defined attributes by two means:

e jts property_defintion will point to a general_property or other property_-
definition, and not one of the model elements identified in section 6.

e itsproperty_definition will have no associated general_property.

Figure 11 above illustrates this in combination with a measure attribute. Note that with the re-
strictions in many CAD systems mentioned in section 5, in the CAx-IF meta-data for UDA shall
always be attached to the property_definition for the attribute value, or — if supported —
the group of attribute values.

Note that these “meta-data” attributes will not be taken into account for the UDA Validation
Properties (see section 8). The following sections will give two common examples:
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7.4.2 Designation of the Attribute Type

In order to transfer the name of the type for the user defined attribute as given in the originating
system, add an additional property including a descritive_representation_item with the
following attribute characteristics:

e property_definition.name: ‘attribute type designation’

e descriptive_representation_item.description: The designation of the attrib-
ute type as given in the native system

This shall be linked to the attribute value definition (property_defintion).

7.4.3 Attribute / Value / Group Description

In order to transfer a description for the attribute (Note that this is a description about the attrib-
ute, in contrast to a descriptive attribute as defined in section 7.1), add an additional property
containing a descritive_representation_item with the following attribute values:

e property_definition.name: ‘attribute description’

e descriptive_representation_item.description: Textual information about the
attribute

Again, in the context of the current CAx-IF scope, this shall be linked to the property_def-
intion of the UDA or a group of values.

8 UDA Validation Properties

Since User Defined Attributes (UDA) may be used to transfer significant information which is
relevant for either downstream applications or long-term archiving purposes, it shall be ensured
that no properties are lost during transfer. The STEP file structure for this count measure is ana-
logue to similar validation properties, e.g. the “number of children” assembly validation property.

All UDA Validation Properties shall be attached at the part / product level so that all systems will
be capable of finding them.

There shall be two main groups of UDA Validation Properties:

e a count of UDA per model element type, i.e. how many UDA are assigned to parts, com-
ponent instances, solids, faces, curves, etc.

e acount of UDA per main class of attribute types (string, integer, real, boolean).
The following rules apply to the counting:

e the number of attribute values shall be counted (as defined in sections 7.1- 0). The
general_properties and “meta data” (as in 7.4) will not be taken into account.

e the two sums of the two counts (UDA per model element type and UDA per attribute type
class) have to match.
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Figure 12: Definition of user defined Attribute Validation Properties

The name of the property_definition shall be “attribute validation property”. The name of
the value_representation_item(count_measure) depends on what is being counted:

UDA per model element type

value_representation_item.name | Counts UDA at ...

'vertex user attributes' vertices and / or points (elements of dim. 0)
'edge user attributes’ edges and / or curves (elements of dim. 1)
'face user attributes' faces and/ or surfaces (elements of dim. 2)
'solid user attributes' solids and / or shells (elements of dim. 3)
'part user attributes' the part/product level.

the instance of components in the assembly in

instance user attributes context of the product they are counted at.

Note that, as with Geometric Validation Properties, some CAD systems are not capable of han-
dling properties assigned to individual geometric elements, but only at the part/product level.
These systems should either disregard the geometry-level UDA validation properties, or flag the
resulting “errors” as system limitation in the log file.

Note that UDA at the assembly instance level shall be counted at the product (assembly node)
which defines the context of their use. For example, looking at Figure 6, assume there is one
UDA at the NAUO from AS1 to an L-Bracket Assembly, and another UDA at the SHUO which
connects the AS1 root node to a specific usage of the Nut. The “instance user attributes” count
at the product representing the AS1 root node would then be “2”.

If a system misses UDAs attached to SHUO due to the way it handles these properties inter-
nally, the resulting “error” from the validation properties should be clearly marked as system limi-
tation in the log file.
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A similar count is being proposed when groups of attributes (see 5.2.1) or groups of attribute
values (see 5.2.2) are used:

value_representation_item.name | Counts ...

how many groups of attribute values are de-

user attribute groups fined for this part

how many attributes are in the group. Note that
this validation property (see Figure 12) has to
be linked to the property_definition that
defines the group.

'group user attributes'

Note that systems not handling groups of UDAs should either disregard these values, or again
flag the resulting “errors” as system limitation in the log file.

UDA attribute type class

value_representation_item.name | Counts UDA at that contain...
'integer user attributes' integer values (see 7.2)

'real user attributes' real numbers (see 7.2)

'text user attributes' arbitrary text (see 7.1)

'boolean user attributes' a boolean value (see 7.2)

9 Usage of UDA in combination with External References

In many integration scenarios, STEP is well-established as a process-accompanying neutral
format to exchange metadata across domains and organizations. The user defined attributes as
defined in this document are a subset of this important information.

This section summarizes how to transfer part-level UDA via STEP when the assembly data is
stored in one or several STEP files with external references and the part files are in native for-
mat. This is a typical scenario in industries where large assemblies often occur.

In order to ensure consistency, it is important that the part-level UDA are always specified in the
referenced file, so that they are defined only once for all occurrences of that part (see section
6.2 for UDA that apply only to certain instances of a component).

This enables the following scenarios:

e Nested external references, where the assembly structure is split into many files, and it is
thus likely that there will be several files referencing the same part. With the definition of
the UDA on the referenced side, they need to be defined only once.

e Whenever the process needs to access the UDA without the need (or the capability) to
open the native data

e Updating the UDA without having to update the assembly data
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9.1 Intermediate File Approach
The chosen approach uses an “intermediate file”, as shown in Figure 13 below:

STEP E=xternal Reference —
_~"|one for each occurrence of the Part

STEP - Fart Definition
Assembly Part File File in
File Mative Format

STEP External Refarance —
always exaclly one

Figure 13: Intermediate File for External References with Part-Level UDA

The entity structure in the referencing STEP assembly file remains unchanged from the usual
external references (cp. Figure 3 in the Recommended Practices for External References, v2.1),
except that it will point to the STEP file instead of the native file representing the part.

The intermediate STEP file with the UDA will be quite small and contain only the following infor-
mation:

praoduct
of product T
| product_ \
Part-Level . definition_ . Reference fo
UDA | formation | native format
Definitions : part file
| definition |
| - | apolied
) g Fpreemet o document
it il i definiticn ) o=
itemns referance
5[Ll:7)

| c'.efi'.'n".ti'n'.‘nT I

product_
i definition_ [
asgaociatior ’ shape
base definiticn | definician . document
Q . | efinitian | File
- reneral . shape_ : -
. definition |

. Represen-
| tation |

used representation (J‘ |
i -

T
|
|
|
|
I

. | property
ahape i
T definition
represen- |[——— bresan-
COpreSon—
tation B .
used tation

Figure 14: Structure of the Intermediate File
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9.2 Known Limitations

The “intermediate file” approach described above will work for part-level UDA with external ref-
erences (entire assembly structure in one file) and nested external references (assembly struc-
ture broken down into individual files per assembly level).

For UDA at assembly component instance level, there is a clear limitation at the moment as this
will work with external references only in the case where the entire assembly structure is given in
one file, so that the SHUO approach can be used (cp. Figure 5 in section 6.2). In the case of
nested external references, this is not possible as there is currently no way to define the correct
instance path through the assembly structure across several files.

Should such an approach become available in the future, it will be added to this document.

10 Part 21 File Examples

STEP Files relating to the capability described in this document will be made available in the
public STEP File Library on the CAx-IF homepage; see either http://www.cax-if.de/library/ or
http://www.cax-if.org/library/.

The files will based on current schemas for both AP203 Edition 2 and AP214, and will have been
checked for syntax and compliance with the Recommended Practices.
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Annex A Availability of implementation schemas

A.1 AP214

The AP214 schemas support the implementation of the capabilities as described. The schemas
can be retrieved from:

e |S Version (2001) — http://www.cax-if.de/documents/ap214 is schema.zip
e 3 Edition (2010) — http://www.cax-if.de/documents/AP214E3 2010.zip

A.2 AP203 2" Edition
The long form EXPRESS schema for the second edition of AP203 can be retrieved from:

e hitp://www.cax-if.de/documents/part403ts wg3n2635mim If.exp

Note that the first edition of AP203 is no longer support in the Recommended Practices.

A.3 AP242

The capabilities described in this document are also supported by AP242, the upcoming joint
successor of AP203 and AP214, with no changes to the instantiation.

The latest development longform EXPRESS schema for AP242 can be found in the CAx-IF
member area. It will be published on the public web site once approved by I1SO.

© CAXx Implementor Forum http://www.cax-if.de/ 22
http://www.cax-if.org/



CAXx-IF Recommended Practices
User Defined Attributes
Version 1.0, October 14, 2011

A
AX
Implementor Forum

Annex B Measure Value Types available in AP214 and AP203e2

The following types for a measure value are defined in section 21.3 of Part 41.

Note that AP214 only supports a subset of these types. These are underlined in the list below.

absorbed_dose_measure

acceleration_measure

amount of substance -
measure

area measure

capacitance_measure

celsius temperature -
measure

conductance_measure

context dependent measure

count_measure

descriptive_measure

dose_equivalent_measure

electric_charge_measure

electric_current measure

electric_potential_measure
energy_measure
force_measure
frequency_measure
illuminance_measure
inductance_measure

length measure

luminous_flux_measure

luminous intensity measure

magnetic_flux_density -
measure

magnetic_flux_measure

mass measure

An absorbed _dose measure is the value of the absorbed dose of
radiation

An acceleration_measure is the value of the rate of change of velocity

An amount_of_substance_measure is the value for the quantity of a
substance when compared with the number of atoms in 0.012 kilo-
gram of carbon 12

An area_measure is the value of the extent of a surface
A capacitance_measure is the value of capacitance

A celsius temperature _measure is the value for the degree of heat of
a body

A conductance_measure is the value of an electrical conductance

A context_dependent_measure is the value of a physical quantity that
may be interpreted based on the context in which it is used

A count_measure is the value of a count
A descriptive_measure is a textual value of a physical quantity

A dose_equivalent_measure is the value of the radiation dose equiva-
lent

An electric_charge_measure is the value of an electrical charge

An electric_current_measure is the value for the movement of electri-
cally charged particles

An electric_potential_measure is the value of an electrical potential
An energy_measure is the value of energy, or work done, in a system
A force_measure is the value of a force

A frequency_measure is the value of a frequency

An illuminance_measure is the value of illuminance

An inductance_measure is the value of inductance

A length_measure is the value of a distance

A luminous_flux_measure is the value of luminous flux

A luminous_intensity_measure is the value for the brightness of a
body

A magnetic_flux_density_measure is the value of magnetic flux den-
sity

A magnetic_flux_measure is the value of magnetic flux

A mass_measure is the value of the amount of matter that a body
contains
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non_negative_length_-
measure

numeric_measure

parameter_ value

plane angle measure

positive_length_measure

positive_plane_angle_-
measure

positive_ratio_measure
power_measure
pressure_measure
radioactivity_measure

ratio_measure

resistance_measure

solid angle measure

thermodynamic temperature -

measure
time measure
velocity_measure

volume measure

A non_negative_length_measure type is a length_measure whose
value is greater than or equal to zero

A numeric_measure is the numeric value of a physical quantity

A parameter_value is the value which specifies the amount of a pa-
rameter in a parameter space

A plane_angle_measure is the value of an angle in a plane

A positive_length_measure is a length_measure that is greater than
zero

A positive_plane_angle_measure is a plane_angle_measure that is
greater than zero

A positive_ratio_measure is a ratio_measure that is greater than zero
A power_measure is the value of power, or the rate of doing work

A pressure_measure is the value of force per unit area

A radioactivity_measure is the value of the radioactive disintegration

A ratio_measure is the value of the relation between two physical
quantities that are of the same kind

A resistance_measure is the value of electrical resistance
A solid_angle_measure is the value of a solid angle

A thermodynamic_temperature_measure is the value for the degree of
heat of a body

A time_measure id the value of the duration of periods
A velocity_measure is the value of the rate of change of position
A volume_measure is the value of the solid content of a body
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Annex C Recommendation for the Definition of Units’

This clause provides recommendations for instance population for the definition of units in the
data set. Once the definition is created, other data instances reference the units as required.

Note: The definitions given in this Annex are valid for the following schema versions:
e AP214 3" Edition (2010)
e AP203 2™ Edition (later than Nov. 2008)
e AP242 (all versions)

The definitions hereafter to not apply for AP214 1S (2001) and any version of AP203 before end
of 2008, as they use older version of Part 41.

Definitions for area and volume units for AP214 IS (2001) are given in Annex C.4.3.

C.1 Sl Base Unit Definitions
The following is the recommendation for exchange of Sl base unit definitions:

Base unit reference instances:

#4 =(LENGTH_UNIT () NAMED_UNIT (*) SI_UNIT(S$, .METRE.)) ;
#6 =(MASS_UNIT () NAMED_UNIT (*) SI_UNIT(.KILO.,.GRAM.)); *
#13 =(NAMED_UNIT (*) SI_UNIT($, .SECOND.) TIME_UNIT());
#26 =(ELECTRIC_CURRENT_UNIT () NAMED_UNIT (*) SI_UNIT($, .AMPERE.));
#426=(NAMED_UNIT (*) SI_UNIT($, .KELVIN.) THERMODYNAMIC_TEMPERATURE_UNIT());
#427=(AMOUNT_OF_SUBSTANCE_UNIT () NAMED_UNIT (*) SI_UNIT($, .MOLE.));
#428=(LUMINOUS_INTENSITY_UNIT() NAMED_UNIT (*) SI_UNIT($, .CANDELA.));

C.2 Sl Derived Units

S| derived unit exchange should use the derived_unit and unit_elements referencing
either a Sl base unit or other S| derived units rather than relying directly on dimensional_-
exponentss.

C.2.1 Sl Derived Unit using User Defined Names

The list of entries in si_unit_name in Part 41 is not exhaustive. In the case that the name of a
derived unit is not included in si_unit_name then an instance of derived_-unit (that is not
also an instance of si_unit) shall be populated. In that case, the derived_unit.name at-
tribute shall be populated to identify the unit.

1 http://physics.nist.gov/cuu/Units/units.html

2 This instance is created to support definition of Sl derived units and is the formal definition that the kilo-
gram is the Sl unit of mass.

8 TC1 for Part41 ed3 addresses the kilogram issue by isolating the application of .KILO. used to define a
unit from the application of .KILO. used as a prefix in a measure value. It also corrected invalid data struc-
tures for area_unit and volume_unit.
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C.2.2 Sl Derived Unit using Predefined Names

In the case that the name of a derived unit is included in si_unit_name, then an instance of
the name specific subtype of derived_unit and si_unit shall be populated. In that case, the
derived_unit.name is set equal to the si_unit_name by the schema and any population of
derived_unit.name is ignored. The recommendation is to not populate the
derived_unit .name attribute.

List of Sl derived units whose names are included in si_unit_name:

absorbed_dose_unit

radioactivity_unit

capacitance_unit

dose_equivalent_unit

electric_charge_unit

conductance_unit

electric_potential_unit

energy_unit

magnetic_flux_density_unit

force_unit

frequency_unit

illuminance_unit

inductance_unit

magnetic_flux_unit

power_unit

pressure_unit

resistance_unit

C.3 Derived Units whose System of Units is Unspecified
The following derived units are included in Part 41 but their system of units is unspecified in
Part 41*:

e acceleration

e area

e velocity

e volume

C.3.1 Receiver expected to infer Sl Derived Units for Unspecified Units

If all derived_unit_element instances reference Sl units, then the derived unit is an Sl de-
rived unit.

C.3.2 Receiver expected to infer some Non Sl Units for Unspecified Units

For the case that other units are exchanged (e.g., English engineering) each of the derived_-
unit_element instances referenced by the derived_unit should be in the same system of
units.

* Part 41 specifies the fact that it is a derived_unit and the dimensional_exponents values for the
unit.
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C.4 Detailed Examples of Measure Unit Definitions

C.4.1 Definition of Sl Units
Definition of “Newton”:

A Newton is [kg*m*sec’?]. Part 41 provides the ability to explicitly state that force is derived, that
the Newton is a Sl derived unit with a name.

Part 41 requires to populate kilogram as the mass unit when Newton is defined so as to make
the mathematical properties of the data set consistent with S| system of units®.

Recommended approach:

/* establish system of units */
#9=DERIVED_UNIT_ELEMENT (#4,1.0);
#10=DERIVED_UNIT_ELEMENT (#6,1.0);
#11=DERIVED_UNIT_ELEMENT (#13,-2.0);

/* establish newton as SI force unit */
#7=SI_FORCE_UNIT((#9,#10,#11),*,S$, .NEWTON.) ;

Definition of “Pascal’:

A Pascal is 1 N/m2. Therefore a Pascal is [kg*m™*sec™]. The recommended approach is to de-
rive a Pascal from a Newton previously defined.

/* establish the division by m?. */
#19=DERIVED_UNIT_ELEMENT (#4,-2.0);

/* establish a reference to a newton already defined */
#20=DERIVED_UNIT_ELEMENT (#7,1.0);
#100=SI_PRESSURE_UNIT( (#19,#20),*,$, .PASCAL.);

Fi_pressure_
unit ¥100

6 elements E)
B derived_ 5l1:7] derived
unit unik
element #20 element £19
si_force
unit ¥7 wnit
derived si_unit,
|1-|-'|_—_ —Cj ]F.!n-;ll"‘l_l:nit
element ¥9 e i
derived si_unit,
\'—C unit_ ] mass_unit
element #10 nait $6
derived ai_unit,

—{] unit f————— time_unit

element #11 HALE 3

Figure 15: SI Unit Definition for "Pascal”

® If the mass_unit prefix is not provided, even though the Newton is declared to be the unit, the numerical
instance data declares the unit to be the dyne.
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Definition of “Joule”:

A Joule is 1 N*m. Therefore a Joule is [kg*m**sec™®]. The Joule may be derived from Sl base
units or may be derived from a Newton previously defined. The recommended approach is to
derive a Joule from a Newton previously defined.

/* establish the multiplication by m. */
#205=DERIVED_UNIT_ELEMENT (#4,1.0);

/* establish a reference to a newton already defined */
#225=DERIVED_UNIT_ELEMENT (#7,1.0);
#200=SI_ENERGY_UNIT ( (#205, #225),*,$%$, .JOULE.) ;

Definition of “Watt”:

A Watt is 1 Joule/sec. Therefore a Watt is [kg*m?*sec™®]. The Watt may be derived from S| base
units or may be derived from a Joule previously defined. The recommended approach is to de-
rive a Watt from a Joule previously defined.

/* establish the division by sec. */
#305=DERIVED_UNIT_ELEMENT (#13,-1.0);

/* establish a reference to a joule already defined */
#325=DERIVED_UNIT_ELEMENT (#200,1.0);
#300=SI_POWER_UNIT ( (#305, #325),*,$, .WATT.);

Definition of “Coulomb”:

A Coulomb is 1 amp*sec. The Coulomb is derived from Sl base units. The coulomb itself does
not require population of kilogram but is included herein because it may be used in the derivation
of capacitance.

/* establish the amp. */
#415=DERIVED_UNIT_ELEMENT (#26,1.0) ;

/* establish the second. */

#425=DERIVED_UNIT_ELEMENT (#13,1.0);

/* establish coulomb as SI electric charge unit */
#400=SI_ELECTRIC_CHARGE_UNIT ( (#415,#425),*,$, .COULOMB.) ;

Definition of “Volt™:

A Volt is 1 Watt/Amp. Therefore a Volt is [kg*m**sec™**amp™]. The Volt may be derived from SI
base units or may be derived from a Watt previously defined. The recommended approach is to
derive a Volt from a Watt previously defined.

/* establish the division by amp. */
#505=DERIVED_UNIT_ELEMENT (#26,-1.0) ;

/* establish a reference to a watt already defined */
#525=DERIVED_UNIT_ELEMENT (#300,1.0);
#500=SI_ELECTRIC_POTENTIAL_UNIT( (#505,#525),*,$, .VOLT.);

Definition of “Farad”:

A Farad is 1 Coulomb/Volt. Therefore a Farad is [kg"*m?*sec**amp?]. The Farad may be de-
rived from Sl base units or may be derived from a Coulomb and Volt previously defined. The
recommended approach is to derive a Farad from a Coulomb and Volt previously defined.
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/* establish a reference to a coulomb already defined. */
#605=DERIVED_UNIT_ELEMENT (#400,1.0) ;

/* establish a reference to a volt already defined */
#625=DERIVED_UNIT_ELEMENT (#500,-1.0);
#600=SI_CAPACITANCE_UNIT ( (#605,#625),*,$, .FARAD.) ;

Definition of “Ohm”:

An Ohm is 1 Volt/Amp. Therefore an Ohm is kg*m®*sec™**amp?]. The Ohm may be derived from
Sl base units or may be derived from a Volt previously defined. The recommended approach is
to derive an Ohm from a Volt previously defined.

/* establish a reference to a volt already defined. */
#705=DERIVED_UNIT_ELEMENT (#500,1.0);

/* establish a reference to amp*/
#725=DERIVED_UNIT_ELEMENT (#26,-1.0);
#700=SI_RESISTANCE_UNIT ( (#705,#725),*,$%, .0HM.) ;

Definition of “Siemens”:

A Siemens is 1 Amp/Volt. Therefore a Siemens is [kg'*m?*sec*amp?]. The Siemens may be
derived from Sl base units or may be derived from a Volt previously defined, or may be derived
from an Ohm previously defined. The recommended approach is to derive a Siemens from an
Ohm previously defined.

/* establish a reference to an ohm already defined. */
#805=DERIVED_UNIT_ELEMENT (#700,-1.0);
#800=SI_CONDUCTANCE_UNIT( (#805),*,$, .SIEMENS.) ;

Definition of “Weber”:

A Weber is 1 Volt*Second. Therefore a Weber is [kg*m*sec**amp™]. The Weber may be de-
rived from Sl base units or may be derived from a Volt previously defined. The recommended
approach is to derive a Weber from a Volt previously defined.

-2%

/* establish a reference to a volt already defined. */
#905=DERIVED_UNIT_ELEMENT (#500,1.0) ;

/* establish a reference to second*/
#925=DERIVED_UNIT_ELEMENT (#13,1.0);
#900=SI_MAGNETIC_FLUX_UNIT( (#905,#925),*,S$, .WEBER.) ;

Definition of “Tesla™:

A Tesla is 1 Weber/Meter®. Therefore a Tesla is [kg*sec**amp™]. The Tesla may be derived

from Sl base units or may be derived from a Weber previously defined. The recommended ap-
proach is to derive a Tesla from a Weber previously defined.

/* establish a reference to a weber already defined. */
#1005=DERIVED_UNIT_ELEMENT (#900,1.0);

/* establish a reference to metre*x/

#1025=DERIVED_UNIT_ELEMENT (#4,-2.0);
#1000=SI_MAGNETIC_FLUX_DENSITY_ UNIT((#1005,#1025),*,$, .TESLA.);
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Definition of “Henry”:

A Henry is 1 Weber/Amp. Therefore a Henry is [kg*m**sec**amp™?]. The Henry may be derived
from Sl base units or may be derived from a Weber previously defined. The recommended ap-
proach is to derive a Henry from a Weber previously defined.

/* establish a reference to a weber already defined. */
#2005=DERIVED_UNIT_ELEMENT (#900,1.0);

/* establish a reference to ampere*/
#2025=DERIVED_UNIT_ELEMENT (#26,-1.0);
#2000=SI_INDUCTANCE_UNIT ( (#2005, #2025),*,$, .HENRY.);

C.4.2 Non Sl unit definitions

Well-known are the definition of length, area and volume. Examples included are square millime-
ters, cubic millimeters, inches, square inches and cubic inches.

Definition of Square Millimeter:

#613=DERIVED_UNIT_ELEMENT (#4,2.0);
#614=AREA_UNIT ( (#613));
#615=NAME_ATTRIBUTE ('SQUARE MILLIMETRE’, #614);

Note In this example #614 defines an area unit of square millimeter. Area_unit is an instance
of derived_unit butis not an instance of si_unit s0 derived_unit.name is populated.

Definition of Cubic Millimeter:

#610=DERIVED_UNIT_ELEMENT (#4,3.0);
#611=VOLUME_UNIT ( (#610)) ;
#612=NAME_ATTRIBUTE (/CUBIC MILLIMETRE’, #611);

Note In this example #614 defines a volume unit of cubic millimeter. Volume_unit is an in-
stance of derived_unit butis not aninstance of si_unit so derived_unit.name iS popu-
lated.

Definition of Inch:

#71 =DIMENSIONAL_EXPONENTS(1.,0.,0.,0.,0.,0.,0.) ;--length
#2944=(LENGTH_UNIT () NAMED_UNIT(*) SI_UNIT(.MILLI.,.METRE.));

/* Because the unit is an si_unit, the dimensional exponents for #2944 are not
exchanged but are calculated based on the enumeration values. */

#2945=LENGTH_MEASURE_WITH_UNIT (LENGTH_MEASURE (2.54E1), #2944);
#2946=(CONVERSION_BASED_UNIT('INCH', #2945) LENGTH_UNIT() NAMED_UNIT (#71));

Note There is a (new) local rule on conversion_based_unit requiring the dimensional_-
exponents 0f a conversion_based_unit to be equal to the dimensional_exponents of
the unit_component attribute of the conversion_factor. This example satisfies that rule
because record #2946 references #71 directly and dimensional_exponents are derived by
the receiver (if need be) for record #2944.
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Definition of Square Inch:

#6130=DERIVED_UNIT_ELEMENT (#2946,2.0);
#6140=AREA_UNIT ( (#6130));
#6150=NAME_ATTRIBUTE ('’ SQUARE INCH’, #6140) ;

Note In this example #6140 defines an area unit of square inch. Area_unit is an instance of
derived_unit butis not aninstance of si_unit s0 derived_unit.name is populated.

Definition of Cubic Inch:

#6100=DERIVED_UNIT_ELEMENT (#2946,3.0);
#6110=VOLUME_UNIT ( (#6100)) ;
#6120=NAME_ATTRIBUTE ('CUBIC INCH’, #6110);

Note In this example #6110 actually defines a volume unit of cubic inch. Volume_unit is an
instance of derived_unit but is not an instance of si_unit SO derived_unit.name is
populated.

Definition of “Pound Force”:

Recommended approach using existing Newton declaration (#100):

/* conversion from newton to 'pound force' where ‘pounds force is defined per
the English Gravitational System. */
#111=DIMENSIONAL_EXPONENTS(1.,1.,-2.,0.,0.,0.,0.) ;-—force
#101=FORCE_MEASURE_WITH_UNIT (FORCE_MEASURE (4.4482216152605),#100) ;

#103=(CONVERSION_BASED_UNIT ('pound force',#101) FORCE_UNIT ()
NAMED_UNIT (#111));

C.4.3 Non Sl unit definitions for AP214 IS (2001)

The IS version of AP214, published in 2001, uses an older version of Part 41. This has an im-
pact on the instantiation of units since some entity types have been changed. For instance,
area_unit is a subtype of named_unit in AP214-1S, while in all APs using the new Part 41, it
is a subtype of derived_unit.

The instantiations of area and volume units for AP214-IS are given below. Those are the most

widely used units, as they are needed for Geometric Validation Properties. Instantiation exam-
ples for other types of measure can be given upon request.

Definition of Square Millimeter:

#130=(LENGTH_UNIT () NAMED_UNIT (*)SI_UNIT(.MILLI.,.METRE.));
#200=DERIVED_UNIT ( (#210));
#210=DERIVED_UNIT_ELEMENT (#130,2.);

Note In this example #200 defines an area unit of square millimeter.
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Definition of Cubic Millimeter:

#130=(LENGTH_UNIT () NAMED_UNIT (*)SI_UNIT(.MILLI., .METRE.));
#220=DERIVED_UNIT ( (#230));
#230=DERIVED_UNIT_ELEMENT (#130,3.);

Note In this example #220 defines an area unit of square millimeter.

Definition of Inch:

#709=(CONVERSION_BASED_UNIT ('INCH', #712) LENGTH_UNIT ()NAMED_UNIT (#710));
#710=DIMENSIONAL_EXPONENTS(1.,0.,0.,0.,0.,0.,0.);
#712=LENGTH_MEASURE_WITH_UNIT (LENGTH_MEASURE (25.4),#713);
#713=(LENGTH_UNIT () NAMED_UNIT(*) SI_UNIT(.MILLI.,.METRE.));

Definition of Square Inch:

#209=DERIVED_UNIT_ELEMENT (#219,2.);

#211=NAME_ATTRIBUTE ('SQUARE INCH', #213);

#213=DERIVED_UNIT ( (#209));

#219=(CONVERSION_BASED_UNIT ('INCH', #226) LENGTH_UNIT () NAMED_UNIT (#223));
#223=DIMENSIONAL_EXPONENTS(1.,0.,0.,0.,0.,0.,0.);
#226=LENGTH_MEASURE_WITH_UNIT (LENGTH_MEASURE (25.4),#229) ;
#229=(LENGTH_UNIT () NAMED_UNIT(*) SI_UNIT(.MILLI.,.METRE.));

Note In this example #213 defines an area unit of square inch.

Definition of Cubic Inch:

#208=DERIVED_UNIT_ELEMENT (#47218,3.);

#210=NAME_ATTRIBUTE ('CUBIC INCH',#212);

#212=DERIVED_UNIT ( (#208)) ;

#218=(CONVERSION_BASED_UNIT ('INCH', #225) LENGTH_UNIT () NAMED_UNIT (#222));
#222=DIMENSIONAL_EXPONENTS(1.,0.,0.,0.,0.,0.,0.);
#225=LENGTH_MEASURE_WITH_UNIT (LENGTH_MEASURE (25.4),#228) ;
#228=(LENGTH_UNIT () NAMED_UNIT(*) SI_UNIT(.MILLI.,.METRE.));

Note In this example #212 actually defines a volume unit of cubic inch.
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C.5 Example Application of Unit Definitions to Measure Value

#714=AREA_MEASURE_WITH_UNIT (AREA_MEASURE (150.0),#614);
In this example #714 describes the surface area of a small cube with 5mm sides

#711=VOLUME_MEASURE_WITH_UNIT (VOLUME_MEASURE (125.0), #611);
In this example #711 describes the volume of a small cube with 5mm sides

#7140=AREA_MEASURE_WITH_UNIT (AREA_MEASURE (150.0), #6140) ;
In this example #7140 describes the surface area of a small cube with 5in sides

#7110=VOLUME_MEASURE_WITH_UNIT (VOLUME_MEASURE (125.0), #6110) ;
In this example #7110 describes the volume of a small cube with 5in sides.

#8000=FORCE_MEASURE_WITH_UNIT (FORCE_MEASURE (250.2),#103) ;
In this example #8000 describes the force of 250.2 pounds force produced by an engine.

C.6 Measure schema errata

The current (Amp) exponent for Farad has an error in the FUNCTION dimensions_for_si_-
unit and in the FUNCTION valid_units. The correct value is 2, whilst the AP203e2 and
AP214 schemas have 1. This error was corrected with ISO 10303-41ed3TC2. It is recom-
mended to patch the longform schema manually.
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