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Foreword

The Digital Metrology Standards Consortium (DMSC, Inc.) is an American National Standards
Institute (ANSI) accredited standards developing organization, as well as an A-Liaison to the
International Organization for Standardization (ISO) Technical Committee (TC) 184. The mission of
the DMSC is to identify urgently needed digital standards in the field of dimensional metrology, and
to promote, foster, and encourage the development and interoperability of these standards, along
with related and supporting standards that will benefit the industry as a whole. More information
about the DMSC can be found at www.dmsc-inc.org.
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This dogument was written by the QIF Working Group, and given final approval for ANSI review by
the DM$C’s Quality Measurement Standards (QMS) Committee. More information about DMISC's

The QIH standard, version 3.0, consists of the following subject areas under the general title| Quality
Information Framework (QIR)=— An Integrated Model for Manufacturing Quality Information:

Overview and Fuadamental Principles
QIF Librarynformation Model
QIF Mogdel'Based Definition (MBD) Information Model

QIE-Plans Information Model

QIF Resources Information Model
QIF Rules Information Model
QIF Results Information Model

QIF Statistics Information Model

The Overview and Library clauses describe the overview and central concepts of the QIF standard.
The following clauses describe information models for the six application areas of QIF; Model Based
Design, Plans, Resources, Rules, Results, and Statistics.
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This version of QIF, designated ANSI/QIF 3.0 — 2018, is a revision of the previous QIF standard,
version 2.1, which was published in 2015. This document comprises the fourth release of the QIF
suite of standards, denoted version 3.0. This QIF version 3.0 document cancels and replaces all
documents of version 2.1. QIF version 3.0 is solely a product of the DMSC and its committees and
working groups.

Each major release of the QIF standard from 1.0 through 2.1 was composed of eight Parts
documents, namely, Part 1 Overview, Part 2 QIF Library, Part 3 MBD, Part 4 Plans, Part 5
Resources, Part 6 Rules, Part 7 Results, and Part 8 Statistics. Version 3.0 of QIF dispenses with the
separate Parts format and includes all subject area clauses in a single document.

HTML-blased data model viewer

The DMBC will make available an html-file based data dictionary for the entire)\QIF informatipn
model ap an aid to understanding QIF. This data dictionary is hon-normative material, but describes
the normative content of the QIF data model. The html files facilitate viewing the complete data
model, including all six application areas and Library content, using, pictures and text. A user has the
ability, through an internet browser, to follow navigation links forward and backward through|the
data mogel description using mouse clicks.
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Introduction
This Quality Information Framework (QIF) standard defines an integrated set of information models
which enable the effective exchange of metrology data throughout the entire manufacturing quality
measurement process — from product design to inspection planning to execution to analysis and
reporting. This clause of the QIF standard introduces the purpose and design approach behind QIF,
as well as its content. The QIF information models are contained in files written in the XML Schema
Definition Language (XSDL). Additional constraints to ensure data quality are contained in files
written in the EXtensible Stylesheet Transformation language (XSLT). The models for Version 3.0

consist
used by
Model Blased Definition application model which deals with CAD data plus product manufac
informatjon (PMI). Clause 8 defines the QIF Plans application model, which deals‘with plang
guality measurement. Clause 9 defines the QIF Resources application model, - which describ
hardware and software resources used for inspection. Clause 10 defines the, QIF Rules app
model which describes practices to be used in an inspection. Clause 11.defines the QIF Reg
application model which deals with the results of part measurements. Clause 12 defines the
Statistics application model which conveys analysis of multiple partinspections.

The QIH models include quality characteristics and measurement features as defined in the
Geometric Dimensioning and Tolerancing (GD&T) related.and ISO Geometrical Product
Specifications (GPS) related specifications, and the Dimensional Measuring Interface Stand
(DMIS).[The QIF standard covers a wide variety of use cases including dimensional metrolo
inspectipn, first article inspection, reverse engineering, and discrete quality measurement.

Type fage conventions for this document are:

XXIV

o

\ttribute and element names: bold

LT ” ” W

'he words: “attribute”, “element”, “include”,
vhen they are formalterms of XSDL.
In their other meanings, those words are not italicized.

|

key”, and “keyref”: italicized

=

Type names;bold and italicized

pf six application schema files plus a library of schema files containing information itI‘ms

all applications. The Library is described in Clause 6 of this standard. Clause 7-defines the

ring
for
es
ication
ults
QIF

ASME

ard
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1 Scope of the integrated model and fundamental principles

1.1 Contents of this document

This clause describes the general content and structure of the entire QIF information model. It
describes the highest level data structures of QIF, that are expanded in Clauses 6 through 12 using
data dictionaries and XML schema files. All QIF XML schema files can be found at
www.gifstandards.org.

This clause_alsao descrihes Inmr‘fimaq for fnrming QIE instance files _called “documents ” that support
guality workflow scenarios. Its focus is to show how the QIF information model, and data-fosmed into
XML insfance files, support the entire scope of model based definition manufacturing guality]
workflow. It describes how the information model is partitioned among the XML schema fileq and
containg all terms used in the subject area clauses.

The purpose of this clause is to orient potential users of QIF to the organization of the information
model t¢ make their study of the details more rewarding and efficient. It should also help soliition
providers and users to evaluate QIF for their uses, without needing toge to the lowest technjcal
details gf the XML schemas. The information model narrative focus€s on the approach to mgdeling
the core|data structures of QIF, which model the content of ASME'GD&T and ISO GPS, and the
plans and results data elements defined in Dimensional Measuring Interface Standards (DMSI) ISO
22093 and ANSI/DMSC DMIS 5.3. The material on XML practices describes consistent design
practices to be used by QIF working groups who will be designing new schemas. It should ajso help
essing experts to write software that writes-and reads manufacturing quality data uging the

Figure 1f shows a high level view of the @QIF information architecture for version 3.0 standardjization.
At the core of the QIF architecture is.the reusable QIF library which contains definitions and
compongnts that are referenced by,the application areas, thereby ensuring interoperability and
extensihility. Around the QIF library core Figure 1 shows the six QIF application area informjation
models,|MBD, Plans, Resources, Rules, Results, and Statistics. The DMIS application, which
referendes the DMSC's Dimensional Measuring Interface Standard (DMIS), is a placeholder|{for a
future QJF executionsnodel that is not a part of QIF. Each QIF application model reuses the QIF
Library. QIF data is;eontained in a QIF Document. The order of generation of QIF data in an
enterprige generally proceeds clockwise around the diagram, beginning with QIF MBD and ¢nding
with QIH Statistics. Use of the QIF information model does not place any requirements on a jser’s
workflow architecture.
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The flow of QIF data typically starts with generation of CAD + PMI data exported as QIF MB
applicatiob-data. Then Quality planning systems import the MBD and generate measuremen

/A
S

QIF Results
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Figure 1 — QIF version 3.0 information architecture

D
t

requirements as part of the Plans of “what” to measure, then with import of Resources and Rules
information, Plans generate an inspection plan on “how” to verify. Then Programming systems
import Plans to generate DME-specific programs, or general instructions to guide inspection.
Dimensional measurement equipment executes programs and evaluates characteristics of a single
manufactured part or assembly and exports the measurements as Results. Analysis systems,
typically performing statistical process control, import single parts Results and generate analysis of
multiple part batches as QIF Statistics data.

Users of the QIF information model are not required to implement the entire model. Any of the six
application models may be used singly for exchange of quality data in its specific application area

between a software system that produces QIF data for that area and a software system that

2

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

consumes QIF data for the area. Further, other data models and exchange formats can coexist in
an enterprise with QIF data.

1.3

Conformance

Software programs that implement this specification to write QIF XML instance files must:

Softwar¢ programs that implement this specification to read QIF instance files must:

follow the rules of XML when writing QIFDocument instance files

generate instance files that validate against the QIFDocument schema

generate instance files that validate against the Check.xsl XSLT constraints

employ semantics of the information written that complies with the referenced standards and

) -l PV N b | - - ol b i
Irire Yir ddata dictiuriarics 1 s spelnitaturt.

je able to read any valid QIF XML instance file and extract all numerical and)semantjc data
gorrectly.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

AIAG MSA Reference Manual 4th Edition, Automotive Industry Action Group Measurement Systems
Analysis

AIAG SPC - Automotive Industry Action Group Statistical Process Control 2nd Edition

ANSI/DMIS 105.3, Part 1-2016, Dimensional Measuring Interface Standard, DMIS 5.3 Standard,
Part 1

ISO DM|S: ISO 22093:2011 Industrial automation systems and integration -- Physic¢al-device control
-- Dimensional Measuring Interface Standard (DMIS)

ASME H1.7 - 2006, Screw Threads: Nomenclature, Definitions, and Letter Symbols
ASME Y|14.36 - 1996, Surface Texture Symbols
ASME Y14.6 - 2001, Screw Thread Representation

ASME Y14.5M-1994 (reaffirmed 2004), Dimensioning and .Tolerancing - Engineering Drawing and
Related |Documentation Practices

ASME Y14.5-2009, Dimensioning and Tolerancing - Engineering Drawing and Related
Documgntation Practices

ASME Y|14.41-2012, Digital Product Definition ‘Data Practices

ASME B89.4.10360.2-2008 AcceptancéTest and Reverification Test for Coordinate Measuripng
Machings (CMMs) — Part 2: CMMs_WUsed for Measuring Linear Dimensions

ASME B89.4.22-2004, Methods for Performance Evalulation of Articulated Arm Coordinate
Measuring Machines

AWS AZ4.4:2012 Standatd’ Symbols for Welding, Brazing, and Nondestructive Examination
Extensijle Markup \Eanguage (XML) 1.0 (Fifth Edition), W3C Recommendation 26 November 2008

ISO/IEC 9834>8:2008. Information technology -- Open Systems Interconnection -- Procedurgs for the
operationof OSI Registration Authorities: Generation and registration of Universally Unique Identifiers

UUID \ ad-thair 1o ACNLA M dldontifioy Rarent
S} AU Uil UotT do AOIN. L UUJTLL TUTTIUNTCT CUTTTYUTITTIS

ISO/IEC 11578:1996: Information technology - Open System Interconnection - Remote Procedure
Call (RPC)

ISO/IEC JCGM 200 — International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

ISO/IEC Guide 99:2007 (E/F) — International vocabulary of metrology — Basic and general concepts
and associated terms (VIM)

SAE Aerospace Standard, AS9102B: Aerospace First Article Inspection Requirement. 2014.
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ISO 1101:1983 Technical drawings -- Geometrical tolerancing -- Tolerancing of form, orientation,
location and run-out -- Generalities, definitions, symbols, indications on drawings

ISO 1101:2017 Geometrical Product Specifications (GPS) -- Geometrical tolerancing -- Tolerances
of form, orientation, location and run-out

ISO 1302:2002 Geometrical product specifications (GPS) -- Indication of surface texture in technical
product documentation

ISO 5459:2011 Geometrical Product Specifications (GPS) -- Geometrical tolerancing -- Datums and

datum systems
ISO 144[)5-1:2016 Geometrical Product Specifications (GPS) — Dimensional tolerancing— Part 1.
Linear sjzes

ISO 14405-2:2016 Geometrical Product Specifications (GPS) — Dimensionaltalerancing — Part 2:
Dimensipns other than linear sizes

ISO 14406:2010, Geometrical product specifications (GPS) — Extraction

ITU-T X[509 | ISO/IEC 9594-8 (10/2012) Public-key and attribute certificate frameworks
RFC 20415 MIME Part One: Format of Internet Message Bodies

XML Schema Part 1: Structures Second Edition, W3C Recommendation 28 October 2004
XML Schema Part 2: Datatypes Second Edition, W3C Recommendation 28 October 2004

XSL Transformations (XSLT) Version 2.0, W3€-Recommendation 23 January 2007
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 Terms defined in ISO 22093:2011 and ANSI/DMIS 105.3-2016, Part 1

3.1.1 actual

referring to features or tolerances, the actuals are the real-world, physical instances which can be
measured creating feature and tolerance measurements.

Note 1t

Raofaorrn accambh ara- oo
1Tl

alled

actual ¢

3.1.2 ¢
a class

Note 1t
inspecti

~UP-NY T A-to-narte_aondl o tha oot ol ool toota oo
pCTIary NCTCTTITY o PpartS arntu aSSCTonC Sy i actoarS arc—prrySrocar istarticts

bmponents.

imensional measuring equipment (DME)
pf equipment used to inspect parts and evaluate dimensions and toleranees

D entry: DME includes, but is not limited to, coordinate measuring machines,
DN equipment, optical comparators, robotic measuring devices, theodolites,

photogrammetry, laser-based measuring devices, and manual measuring devices such as

micromse

3.1.3 1
a target

Note 1t

Note 2 t

314

referring
the actu

Note 1t

3.1.5 |
a datum

3.2
Recon

ter and caliper.

ominal
value of a dimension, feature, or characteristic

D entry: A nominal is usually based on as designed engineering criteria.

D entry: See also “nominal aspect” at,subclause 3.4.11.

neasurement

to a feature, dimension, or tolerance, an approximate representation or value inferr
p| feature, dimension or telérance by measurement with DME

D entry: See also “measurement aspect” at subclause 3.4.11.

art coordinate‘system (PCS)
reference frame associated with the part to be measured

[erms-défined in XML Schema Part 0: Primer Second Edition, W3C
mendation 28 October 2004

ideo

bd from

3.2.1 attribute

information represented as an XML attribute in an instance file, usually conforming to an attribute
declaration in an XML schema

3.2.2 complexType

a value type that has elements or attributes

3.2.3 element

information represented as an XML element in an instance file, usually conforming to an element
declaration in an XML schema

6
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3.2.4 instance file
a file containing an information set intended to conform to an XML schema

3.3 Terms defined in XML Schema Part 1: Structures Second Edition, W3C
Recommendation 28 October 2004

3.3.1 attribute information item

1 f tr\v'\ madalaed ucina-an-attrihta daclavation 1n o VWAL ol apma o
InTformager-moaerea STy ar T ata igottCOc o raratoTrT i al T 70vie SCTTCTTTC

Note 1 tp entry: often shortened to "attribute.” An attribute information item is a fi€ld’of|a data
structure. The data type of the field must be a primitive type such as string or number..In an XML
instancg file, attributes are represented in the form attributeName="attributeValug'.

3.3.2 glement information item
informatjon modeled using an element declaration in an XML schema

Note 1 tp entry: often shortened to “element.” An element infermation item may be a field of a
data stryicture or an entire data structure. The data type of an element may be either a primitive type
(such ag string or number) or a structured type. In an XML instance file, elements are delimited by

matching opening and closing tags.

3.3.3 |enumeration
a term indicating that a single indivisible value follows

3.3.4 dxtension

a term in a complexType definition indicating that the type being defined is derived from a mpre
general type

Note 1 tp entry: Extension-is-the XSDL mechanism used in QIF for building hierarchies$ of
compleX types. XSDL also proyides for restrictions of complex types, but that is not used in QIF.

3.3.5 key
a constrpint requiring/that selected data fields exist and be unique

Note 1 tp entry: In XSDL, a key may require that a combination of data fields be uniqug, but
QIF never.dses more than a single data field.

3.3.6 keyref
a constraint requiring that there is a match between two sets of values in an instance file

3.3.7 schema (or XML schema)
a complete information model in the XML schema definition language

Note 1 to entry: A schema is defined by one or more schema files.

3.3.8 schema document (or schema file)
a file containing a well-formed XML schema declaration
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Note 1 to entry: Such a file does not necessarily contain a complete information model; it may
reference other schema files needed to make the model complete.

3.3.9 simpletype
a value type that is indivisible or is a list of indivisible items

EXAMPLE number example: 10

EXAMPLE string example: 10 Downing Street

EXAMPLE fistexample: 10 34 -7
Note 1 tp entry: In XSDL, union type is also simple, but it is not used in QIF.

3.3.10 gtring
a data type that is a sequence of Unicode characters

3.3.11 tpken

a string |n which there is no leading or trailing white space, and the-only white space occurring
between visible characters is a single space character

3.4 Terms defined in the QIF standard

3.4.1 AQccuracy test
a definef process for determining conformance of. @& measurement device to specifications

3.4.2 3ction
a plan element that gives information about-what to measure or validate

3.4.3 4gction group
a plan element that organizes sets’of actions

Note 1 tp entry: An action group can be an ordered group, unordered group, one-of grpup,
partially jordered group,.enpick-some group.

3.4.4 action methed
a prescrjption ef-how an action is to be performed

Note 1 tpentry: Actions with action methods form the core of a measurement plan.

3.4.5 actual component
a physical instance of a component

Note 1 to entry: By analogy to a car, the design of a wheel is a part; the design of the wheel
placed at the front right of the design of a car is a component; the front right wheel of a physical car
is an actual component.

3.4.6 actual component set
a set of actual components
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3.4.7 application area

one of the six QIF workflow interface types, i.e., MBD, Plans, Resources, Rules, Results, and
Statistics

3.4.8 articulating arm CMM
a coordinate measuring meachine with articulating links

3.4.9 aspect

one of four categories used to incrementally accumulate characteristic or feature data based on
data soyrce and data shareabllity

Note 1 tp entry: In QIF there are four aspects of characteristics and features: definition,
nominal| item, and measured.

3.4.10 definition aspect

the aspect of feature or characteristic data categorized by its shareability;among different features
or characteristics

3.4.11 nominal aspect
the aspect of feature or characteristic data particular to an individual feature or characteristic

3.4.12 ifem aspect

the aspect of feature or characteristic incremental data particular to an individual measurement of a
feature ¢r characteristic

3.4.13 measured aspect

the aspect of feature or characteristic data'particular to the results of the measurement of a feature
or characteristic

3.4.14 gssembly

a number of parts or combination thereof that are joined together to perform a specific functipn and
subject {o disassembly witheut degradation of any of the parts

Note 1 tp entry: in QIF, assembly means the design of an assembly, and a physical instance
of an aspembly is called an actual component.

3.4.15 gssembly path

obeayvitbh-anid af tha Ao Af A A~ AN A NES
a SeqUC TOC VWILTT AT TU UT 1T TUOS Ul \.'UIIIPUIICIII.Q

Note 1 to entry: An assembly path shows where in an assembly design a specific instance of
a part design or a subassembly design is located

3.4.16 assignable cause

a cause of variation in a process which is not random and has some source which can be
determined and perhaps eliminated

3.4.17 attribute characteristic
a characteristic described using attribute data, or using data that do not have numerical values
© IS0 2020 - All rights reserved 9
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EXAMPLE color, malleability

3.4.18 attribute data

a result from a characteristic or property that is appraised only as to whether it does or does not
conform to a given requirement (for example, go/no-go, accept/reject, pass/fail, etc.)

[1]

3.4.19 autocollimator
an optical instrument for non-contact measurement of angles

3.4.20 Qias
a measyre of a gage’s tendency toward specific values when compared to a master value

3.4.21 hill of characteristics (BoC)
a list of all the characteristics applied to a product.

3.4.22 hoolean condition
a statement which can be unambiguously evaluated as true or falsé

EXAMPLE “The feature is a cylinder” would evaluate to “true’ if and only if the feature in qyestion
is a cylinder feature.

3.4.23 galibration

a process that verifies instrument performance or develops correction values to assure claimed
accuracy

3.4.24 qaliper
a devicq used to measure distance between two points on a workpiece

3.4.25 dqapability

a measure of a process's stability and centralization against a nominal value and tolerance values,
also, thq ability of a process-to produce acceptable parts

3.4.26 dqapacitive sensor
a non-cgntact inStrument that uses change in capacitance to measure displacement

3.4.27 gqarfiage

a mechanicat efementof a measurement device, generatty a Cvivthatfunctions as partof the tool-
carrying structure

3.4.28 Cartesian CMM
a coordinate measuring machine with orthogonal axes

3.4.29 characteristic

a control placed on an element of a feature such as its size, location or form, which may be a
specification limit, a nominal with tolerance, a feature control frame, or some other numerical or non-
numerical control
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3.4.30 characteristic item

a tolerance or specification applied to a feature or product that needs verification

3.4.31 charge coupled device camera sensor
a sensor that senses by means of using a charge coupled device camera

3.4.32 checked

refers to a measured feature or characteristic being measured directly or being constructed from
previously measured or constructed data

3.4.33 ¢glipping plane

a bounding plane surface which abbreviates the intended display of data to that portion-whigh lies
on one ¢r the other side of the plane

3.4.34 qomplex tactile probe sensor
a touch probe with more than one stylus

3.4.35 qomponent
an instance of a part or an assembly aligned to its parent's space

3.4.36 gomposite feature

a featur¢ composed of two or more sub-features which<act as a functional group and to whigh
shared ¢haracteristics may be applied

3.4.37 qgomputed tomography

an imag|ng procedure that uses special x-ray equipment to create detailed pictures, or scans, of
areas inpide the part.

Note 1 tp entry: It is also called computerized tomography.

3.4.38 qonfocal chromatic/Sensor

an optical sensor that takes-advantage of chromatic aberration to carry out a chromatically cpded
distanced detection of & target form the focusing lens

3.4.39 qonstrugted feature
a feature thatjisscomputed from other features

entn. C t 11 df i
Note 1 to-entry: ontrasttoa-measured fea

data.

e which-is-computed-from-measured-paint
- WAHGARIS-GOY Fo-ea &3

1
ot ot ot

3.4.40 control limits
statistical limits that represent boundary conditions of a process that is in control

Note 1 to entry: Processes that are out of control are said to have unnatural causes or
assignable causes of variation.

3.4.41 control points
a set of points that determine the shape of a NURBS object
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3.4.42 coordinate measuring machine

a machine that measures a part by sensing 3D points on the surface of the part

3.4.43 control polygon

a polygon formed by the control points of a NURBS object

3.4.44 corrective action

a countermeasure that can be applied to an assignable cause of variation in order to reduce the
likelihood of recurrence

3.4.45 ¢

informat
correctiv

Note 1t

the identification of assignable causes of variation that can occur. Thesespecial causes of

are typid
ability to
thereby

3.4.46 ¢
an asse

3.4.47 ¢
definitio

3.4.48 d

three miitually perpendicular intersecting datum planes

Note 1t

3.4.49 ¢
a calipe

3.4.50 ¢
a calipe

orrective action plan

on related to the establishment of lists of assignable causes of variation and-associ
e actions in the manufacturing process

b entry: In production statistical studies, a key aspect of manufacturing’process con

ally associated with corrective action plans that help the manufacturing operator wit
adjust processes to eliminate these unnatural causes of variation from occurring ag
bringing the manufacturing process into a greater state of. stability and control.

ata/information quality
ssment of the fithess of the data and informationto serve its purpose in a given cont

atum definition
n of a datum label and optionally, its asSociation with datum targets or feature instan

atum reference frame

D entry: A datum reference’frame establishes a coordinate system.

ial caliper
that has a dialthat is read by a human

igital catiper
thatis-read electronically

hted

trol is
ariation
h the
ain

ext

ces

3.4.51 ¢

igi'ral micrometer

a micrometer that is read electronically

3.4.52 draw wire sensor

an instrument that measures distance by recording the length of wire drawn out of it using
potientiometers or encoders

3.4.53 DVRT sensor

A system that detects the position of its core by measuring the differential reluctance in two coils
surrounding the core

12
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3.4.54 eddy current sensor

a non-contact sensing probe that uses magnetic field interaction and subsequent generation of eddy
currents to measure displacement of a target

3.4.55 entity
the basic unit of information in a file

Note 1 to entry: The term applies to single items which may be individual elements of
geometry, collections of annotations to form dimensions, or collections of entities to form structured
entities.

3.4.56 dvaluation

refers tg the process by which the status of a characteristic measurement is determined from
nominal| measured and specification limit information

3.4.57 avent

an occufrence, usually unplanned, which may have an effect on the outcome of a measurenent or
inspectipn operation and which should be recorded

3.4.58 gxternal product definition
a produgt shape definition not included in a QIFDocument

EXAMPLE  a PDF file, a drawing, or a physical part.

3.4.59 feature

an aspert of a part which can be (1) a tangibleportion of a physical part, (2) an element of &
technicgl drawing, 3D model, or other abstfact representation of the part, or (3) a derived,
construgted, intangible portion of a part,~such as a feature of size, minimum circumscribed sphere,

maximum inscribed cylinder, axis, eenter plane, theoretically extended edge on a technical drawing,
and projected point/line from the part.

3.4.60 fjle unit
a unit defined in the file-units section of a QIF instance file

EXAMPLE radian, meter, inch

3.4.61 fjxture
a devicd used for workpiece positioning and holding

3.4.62 gage
a measurement device that is used to measure one or more characteristics of a workpiece

Note 1 to entry: It may be a general purpose device, e.g. a ring gage, or it may be specially
designed hardware dedicated to measuring a specific workpiece or family of workpieces.
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3.4.63 gage repeatability and reproduceability (gage R&R)

a source of measurement variation based on the ability of a gage to repeat measurements on the
same parts and the ability of two or more inspectors using this gage to achieve the same
measurement results

3.4.64 generatrix

a curve to be swept to generate an extruded surface, or revolved to generate a surface of revolution

3.4.65 generic feature

a featuré

Note 1t
by any d

3.4.66 ¢

related to shape information

EXAMP

3.4.67 ¢

a conce
feature

EXAMP

3.468 i

a measly
allowed

3.4.69 i
informat

3.4.70 i
a produ

3.4.71
an aspe

p which can be referenced by a user-defined characteristic

D entry: Usually, this is a portion of the surface of a part that is not correctly de
ther feature type.

eometric

| E points, curves, surfaces, and volumes

eometric characteristic
bt characterizing the size, form, orientation or location of a feature or of a componen

| E diameter, flatness, parallelism, or position.

nspection

rement of characteristics on a physical part to determine whether the features are W
tolerance, commonly in order to_accept or reject the part

hspection traceability
on about the circumstances of a quality measurement process

nternal productdefinition
't shape definition contained in a QIFDocument

item
Ct of @characteristic or feature, or an individual instance of an object.

scribed

t of a

ithin
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3.4.72 key characteristic
a characteristic of a feature, material, process, or part whose variation has a significant influence on
product fit/function, safety/compliance, performance, service life, or manufacturability

Note 1 to entry: A key characteristic can be identified by a designator and can have a
criticality class.

3.4.73 knot vector

an increasing sequence of real numbers which divides the parametric space of a NURBS into
intervals (called spans)

Note 1 tp entry: The number of knots is equal to the number of control points plus.the|order.
The knof vector is a uniform one if all knots are equally spaced and of multiplicity one.

3.4.74 |pser radar

a large-qcale-metrology instrument that measures the coordinates of a point opra part without usjng an
optical tgrget by directing a frequency modulated laser beam and heterodyné-detection of the refurned
beam

3.4.75 |laser tracker

an instrdment that is typically used to measure large workpieces\by determining the positions of
optical tgrgets held against the workpiece

3.4.76 lpser triangulation sensor

a laser spurce and detector system that uses triangulation principle for non-contact measurement of
displacement of a target

3.4.77 llght pen CMM
a coordipate measuring machine that uses a light pen for measuring

3.4.78 I|nearity
the ability of a gage to accurately measure across a range of values

3.4.79 Long Term Archiving and Retrieval

defining|and storing.digital information models so that the information can be fully retrieved gnd the
item corfesponding to the model can be fully realized at any future time, even if the systemsfused to
define apd store the information are then obsolete

3.480 L\VIDT SCITTISUI

A non-contact sensor that uses electromagnetic coupling to measure the linear displacement of a core
from its central or null position

3.4.81 magneto-inductive sensor

a non-contact positioning sensor that combines magnetic and inductive principles to determine the
absolute distance to a permanent magnet fixed to a target

© IS0 2020 - All rights reserved 15


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

IS0 23952:2020(E)
QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

3.4.82 manufacturing traceability
information about the circumstances of a manufacturing process.

3.4.83 measurand
guantity intended to be measured

Note 1 to entry: An object, quantity, property, or condition to be measured for a specific purpose.

Note 2 to entry: Two examples of a measurand are the measurement of a shape feature to evaluate

a speciffd;hamﬁauﬂmﬂa&xamnlﬂaﬂauaaﬁmn&mﬂasmmﬂmmsham&w
establish a datum (for example primary datum) within the context of a datum reference frame. One

could measure the same feature differently or apply a different substitute feature datafitting
algorithm..

3.4.84 measure feature method
an actiop method for measuring a feature

3.4.85 measurement

an estimate of a dimension associated with a feature or featureson‘a physical part generated using
a physigal device

3.4.86 mpeasurement device
a measyrement resource that provides an indication for-a dimensional characteristic of a workpiece

Note 1 tp entry: This indication may either-be a value (variables) or simply conformange
(attributes).

3.4.87 measurement plan
a complete plan that contains information on what and how to measure

3.4.88 measurement resource

a piece pf dimensional metralogy equipment that can be used to measure features and/or
charactgristics on a workpiece

3.4.89 measurement result
the meapsured valtie of an actual feature or characteristic

Note 1 tp@ntry: A measurement result is obtained by measuring a feature or characteristic with a
measurement resource.

3.4.90 measurement room
an environmentally controlled room in which measurements are made

3.4.91 mesh

a collection of vertices, edges, and facets linked together to form a 3D shape; the facets are
typically triangular in shape, but quadrilateral representations are also possible
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3.4.92 micrometer

a mechanical device for measuring very small distances based on the rotation of a finely threaded
screw

3.4.93 microscope

an optical instrument used for viewing very small workpieces typically magnified several hundred
times

3.4.94 multiple carriage CMM
a coordipate measuring machine with two or more carriages

3.4.95 non-dimensional quality data

data expressed as either attributes or variables, e.g., number of non-conformities dike”burrs ¢r dents,
color of paint, etc.

3.4.96 normal
perpendicular to a surface and pointing away from the surface material

3.4.97 normal vector

a unit vgctor perpendicular to a surface in 3 dimensions or a unit vector perpendicular
to a curye in 2 dimensions

3.4.98 notable event

a description of a planned or unplanned event thatinspection processes should monitor and should
record if| it occurs during inspection

3.4.99 note
an explgnatory or descriptive statement in natural language

Note 1 tp entry: In QIF, notes provide information in addition to that which is formally
modeled.
3.4.100 noted event

an evenf occurringsand reported during inspection

3.4.101 optical comparator

an opticakinstrument utilized for measuring

Note 1 to entry: It is also referred to as a profile projector or shadowgraph

3.4.102 parallel link CMM
a coordinate measuring with parallel links (e.g., Renishaw equator)

3.4.103 part

one item, or two or more items joined together, that is not normally subject to disassembly without
destruction or impairment of designed use
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Note 1 to entry: In QIF, part means the design of a part, and a physical instance of a part is
called an actual component.

3.4.104 persistent identifier
a permanent, location and instance independent identifier for a digital object

3.4.105 plan element
an action or an action group

o-entr/: A_combination of actions-and - action arouns can he structiwred - in a dir
Note 1 tg-entry A-combinationof actions-and-actiongroups-can-be structured-inadivected

hierarchjcal tree of actions.

3.4.106 plan note
descript{ve information that applies to an entire measurement plan

3.4.107 plan root
the top Ievel plan element (an action or action group) of a measurement plan

3.4.108 point sampling strategy
the geornetric pattern that is used to distribute the measurement points on a given feature

Note 1 tp entry: The range of possible values is taken from 1S0O-14406:2010. Example
include: Jan orthogonal grid, a helix, a “birdcage®, etc.

2]

3.4.109 process variation
the varigtion of a process in achieving the same characteristic values across time

3.4.110 product
a generic term for a part or an assembly

3.4.111 product and manufacturing information (PMI)

non-gegmetric attributes in-3D Computer Aided Design/Manufacturing/Inspection/Engineering
(CAD/CAM/CAI/CAE) systems necessary for manufacturing product components or subsystems

Note 1 tp entry: PMI may include geometric dimensions & tolerances (GD&T), 3D annotation
(text) and dimensions, surface finish, and material specifications.

3.4.112 production
a manufacturing process or operation designed to produce goods

3.4.113 QIF persistent identifier (QPId)
a standard universally unique identifier used in QIF

3.4.114 gualification

a check on or the refinement of the calibration of a measurement device performed using a known
artifact such as a tooling ball or gage block
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3.4.115 rule

in the context of QIF Rules, a pair usually consisting of a Boolean condition and a specification of
the type of measurement activity that should be carried out if the condition evaluates to true

Note 1 to entry: The Boolean condition is actually optional so that unconditional rules (i.e.,
actions that must or may always be taken) may be written.

Note 2 to entry: For example, if “the feature is a cylinder” evaluates to true, the corresponding
action may be requested: “measure 13 points”.

3.4.116 sampling category
a number representing a category of rules use

Note 1 tp entry: The exact meaning of each category and the number of possible levels is
meant t¢ be defined and evaluated by the user. For example, the number 1 mightrepresent ffirst
article inspection and the number 2 might represent process control.

3.4.117 sampling method
a statistical method of grouping manufactured products for measurement

Note 1 tp entry: Key concepts include sample size (how many) and sampling frequency (how
often).

3.4.118 sensor
a measurement resource that detects a surface ormeasurement feature of a workpiece

3.4.119 sensor qualification
the process of measuring a reference artifact to determine sensor attributes

Note 1 tp entry: an example is measwring a reference sphere to determine stylus tip diametgrs and
probe tip offsets for a touch probe.on a CMM

3.4.120 set

refers tg a measured feature or characteristic being set to its nominal without any measurenjent
taking place

3.4.121 simple tactile probe
a touch probe'with a single stylus

3.4.122 sine bar
a hardened, precision ground body with two precision ground cylinders used for measuring angles

3.4.123 stability
the ability of a gage to arrive at the same measurements against a master value over time

3.4.124 standard deviation
a measure of the dispersion or frequency distribution around a population mean or average
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3.4.125 statistical study plan

information, defined in the QIF Statistics model, that provides a method for establishing the quality
approach and criteria for data studies associated with measurement in manufacturing

Note 1 to entry: Statistical study plans provide a method for establishing the quality approach and
criteria for data studies associated with measurement in manufacturing. A supplier may be provided
with these plans from a customer in order to ensure the expectation that correct quality control
information will be supplied with each manufactured lot.

Note 2 to entry: Statistical sStudy plans can contain the number of expected products to be
inspectgd. They can also contain the expected quality conformance thresholds such as the
characteristics to be measured and monitored, sample size, process capability, and gage
repeatalbility and reproduceability requirements.

3.4.126 statistical study results

informatjon that contains the measurement summary data that provides an.overview of meagured
product guality

Note 1 tp entry: Statistical study results contain the measurementsummary data that provides an
overview of product quality. From single first article inspection, 40 eapability and production gtudies,
statistical study information can include the measured process:capability and performance quality
indices that are commonly accepted in manufacturing.

3.4.127 structured light sensor

a non-contact optical measurement system that projects a known fringe pattern on a surfacqg to
characterize it using the distorted pattern recorded by the detector

3.4.128 tactile probe sensor
synonym for touch probe

3.4.129 theodolite
an instrument for measuring-angles in the horizontal and vertical planes

3.4.130 thread'specification
a description of the shape and size of a thread

Note 1 tp entry: This is thread in the sense of the grooved/ridged portion of a nut or bolt.

3.4.131 toterance
an upper and lower specification of a characteristic dimension

Note 1 to entry: A tolerance usually provides the allowable range for part acceptance based on
designed engineering criteria for fit and function.

3.4.132 tool
a measurement resource that mounts one or more sensors to a measurement device

3.4.133 touch probe

a sensor that is actuated by physical contact with a workpiece
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information about the circumstances of a quality measurement process or a manufacturing process

Note 1 to entry:

of measurements from an international standard through intermediate steps to a specific
measurement.

3.4.135

trimming contour

a 3D contour which is used for trimming a surface

QIF defines five types of traceability. None of these is the classical traceability

3.4.136
a proxin
target

3.4.137

a one dimensional measuring device used in precision applications

3.4.138
a unique

3.4.139
a charag

3.4.140
a pictori

3.4.141

a metho
object e

3.4.142

informat
measure

3.4.143
a physig

ultrasonic sensor
ity sensor that uses time of flight of sound waves to determine the absolute distance

universal length measuring machine

version
, hon-trivial instance of a document or schema

weld characteristic
teristic that indicates a desired type of weld

weld symbol
bl representation of a weld characteristic

wire-frame

d of geometric modeling in which a two- or three-dimensional object is represented
ges

work instruction

on that provides-instructions about actions or action methods to be used in executir
ement plan

workpiece

e {0 a

Py
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@l artifact, real or virtual, intended for subsequent transformation within some manufacturing
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n
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4 Symbols and abbreviated terms

ANSI American National Standards Institute

ASCII American Standard Code for Information Interchange
ASME American Society of Mechanical Engineers

BREP Boundary Representation

CAD Comptiter-Aided-besigh

CAIPP Computer-Aided Inspection Process Planning

CAM Computer-Aided Machining or Computer-Aided Manufacturing
CAX Computer-Aided Technologies

CMM Coordinate Measuring Machine

CoP Cloud of Points

COTS Commercial Off-The-Shelf

DME Dimensional Measuring Equipment

DMIS Dimensional Measuring Interface Standard

DMSC Digital Metrology Standards Consortium

DRF Datum Reference Frame

ERP Enterprise Resource Planning

GD&T Geometric Dimensioning and Tolerancing

GPS Geametrical Product Specifications

GUID Globally Unique Identifier

ISO International Organization for Standardization
LOTAR Long Term Archiving and Retrieval

MBD Model Based Definition

MES Manufacturing Execution Systems

MRI Measurement Resources Information

MRP Materials Resource Planning

MSA Measurement Systems Analysis

PDPMI Product Definition with Product and Manufacturing Information
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Product and Manufacturing Information

Quiality Information Framework

Quality Measurement Standards (a DMSC committee)
QIF Persistent Identifier

Repeatability and Reproducibility

The International Systems of Units

SPC
sQC
STEP
UuID
W3C
XML
XSDL

XSLT

Statistical Process Control

Statistical Quality Control

Standard for the Exchange of Product model data (ISO-10303)
Universally Unique Identifier

World Wide Web Consortium

eXtensible Markup Language

XML Schema Definition Language

eXtensible Stylesheet Language Transformation
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5 Overview of the Quality Information Framework (QIF) information
model

5.1 Purpose

The goal of the QIF specification is to facilitate interoperability of manufacturing quality data
between system software components. Solving the metrology interoperability problem will benefit
manufacturers by avoiding wasted resources spent on non-value-added costs of translating data
between the different components of manufacturing quality systems. Users should gain flexibility in
configuring quality systems and in choosing commercial components, and achieve effortless and
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wide interoperability is achieved by partitioning the information model between a QIf
on, reusable components, and six information models for unique-application areas.
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ements the QIF formats in their software.

goal is to write the QIF specifications such that conformity of commercial software [
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cial off the shelf software solutions.

Ides information models for six application areas, as shown in Figure 1. Figure 2 sh
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Activities export and/or import quality information formatted according to the QIF information model
and XML encoding rules. The diagram does not show activities that generate manufacturing
process information or that implement a manufacturing execution system. The features of QIF

facilitate efficient flow of enterprise quality data in a way that does not specify or constrain a user’s
system architecture.
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ne Product activity generates a model-based. definition of a part that can support an
be’s digital product verification. The product.definition contains geometry information
cally linked product manufacturing information (PMI). PMI commonly includes geom
bnal tolerancing information, product characteristics with criticalities, material, surfag
foughness, color and hardness. PMItypically includes associations between geome
5 of the product and dimensions,tolerances, and functional datums. The product de
5sed using the QIF MBD infarmation model.

ermine Measurement Reguirements activity imports QIF MBD information or its equ
bd in another format'or formats. Based upon enterprise quality requirements and/or
turing process knowledge, measurement requirements for a part are generated as 4
bment criteria;also known as a bill of characteristic items (BOC). A characteristic itet
a tolerance-or specification applied to a feature or product that needs verification. T
h specify.the measuring sequence and resources to be used, but is not required to d
C constitutes a high-level quality plan of “what” needs to be inspected or verified, ex

as a QIR

plus
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e
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. set of
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The activity that generates QIF Resources information is Define Measurement Resources. This
activity defines enterprise hardware and software resources available, either serial-number specific,
or generic, that can be harnessed to meet inspection requirements for individual part features. The
QIF Resources data format can be used to specify resources required in an inspection plan, or the
resources actually used in an inspection. The scope of the QIF Resources application model

includes

but is not limited to hardware, software, and human operators.

The Define Measurement Rules activity generates a QIF instance file that conforms to the QIF
Rules information model and specifies inspection practices required by an enterprise to be used in-
house or by contractors. Such a file defines, for some or all feature types on a part, information
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elements that constrain the measurement on that feature type. Measurement constraints may be
applied to things like measurement point density, measurement point pattern, and feature fitting
algorithm. Rules may be written for every QIF feature type. The QIF standard defines the generic
format to express enterprise Rules, but does not contain specific rules. The instance file generated
by the enterprise contains the specific rules. Information areas that are in scope include:

e product measurement point number or density and sampling method for each product

feature type
o feature fitting algorithm for each feature type

selection of measurement resources
e rulelD and corporate nwnprchiln

The Deflne Measurement Process activity inputs resource and metrology knowledge, andthe QIF
Plans (what), and generates additional instructions on “how” to inspect or verify the bill-of
characteristic items. The completed inspection plan is output as QIF Plans (whats’and hows). The
scope of the QIF Plans 3.0 application model includes:
o dimensional product information, e.g., geometric features, measurement features, ngminal
dimensions, measurement features, and tolerance values
non-dimensional product information, e.g., product IDs, custoraer information, key contact,
temperature, and roughness
e product characteristics
traceability values and pointers
work instructions
rmeasurement resources to be used
(

CAD entity relationships.

The downstream activity Execute Measurement Process activity imports the QIF Plan, and i
needed,| generates a detailed resource specific inspection program. The programs are mactjine-
level mgasurement programs, formatted-according to DMIS or some other measurement
programming language, that provide\equipment level commands to specific coordinate measguring
maching (CMM) control units, to.collect point data, fit features to data, and output feature and
characteristic data. The workflow shows the export of non-QIF format subsequently translated
accordir|g to the QIF Results information model. Measurement processes that adopt QIF wil| likely
export results directly without translation. Measurement Execution can also include software
solutions that issue instructions to human operators using calipers, go/no-go gauges, and
specialized inspeetion equipment, and generate results data. Actual measurement values may be
numericpl or nen-numerical. Measurement results may include not only raw measurement Values,
but also|summary statistical or derived results (e.g., cylinder radius with standard deviation).
Measurement results may also include description of the algorithmic means (e.g., least squdres) by
which the derived results are calculated. All necessary nominal (as designed) target values may
also be included to allow reanalysis. Any other information relevant to the measurements is also in
scope. This includes information called inspection traceability, which includes the shift, the
equipment operator’s name, a description of the item measured, the date and time of the
measurement, etc.

Finally, the measurement results for two or more parts are collected, analyzed, and reported by the
activity Analyze & Report Quality Data. The output, expressed using the QIF Statistics model, is
generally an analysis of a multi-part batch. QIF Statistics is designed to carry information to
transport statistical quality control plans, corrective action plans and detailed summary quality
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statistics. It builds on the QIF Results framework through supporting multi-part measurement results
that can apply to a number of quality study types beyond single or first article inspection. It is
designed to haul information in an unambiguous form for pre-production, capability, and production
guality studies. In addition it supports the full extent of measurement systems analysis studies
including Gage R&R.

Quiality information generated in QIF format can be used as input by many other quality and
manufacturing management components not shown in Figure 2, including, but not limited to, first
article inspection plan and report (FAIR) generation, statistical process control (SPC), materials
resource_planning (MRP), m rement systems analysis (MSA). manufacturing execution systems
(MES), and computer aided manufacturing (CAM).

The digifal interface between Execute Measurement Process and the DME (dimensional
measurg¢ment equipment) has been satisfied by the Dimensional Measuring Interface Standard
(DMIS),|ANSI/DMIS 105.3 Part 1-2016. DMIS can also be used as a humerical¢ontrol part
program for DMEs such as coordinate measuring machines (CMM).

An exanpple of user-defined flow of QIF information not shown in Figure 2 is the direct use by a
human inspector of a QIF Plans file to inspect a part. The operatorsnakes the decisions of
Measur¢ment Programming, like selecting the inspection device(e!g., caliper, fixtures, go / no-go
gages) and generating the inspection instruction details (e.g.;;aumber of points, placement df
measurgments).

5.3 IF design requirements
There afe four categories of requirements on the céntent of the QIF information model, and pn how
the datalare encoded for exchange:

. usiness case functional requireéments. The design of the QIF information model js
riven by the functional requirements of activities that import, process, and export
anufacturing quality data.. Requirements are expressed via natural language rules,
cenarios, use-case notation, identification of specifications and/or standards, and
xamples. The DMSC-began with a baseline requirement to model ANSI/ASME Y14|5-1994,
nd the plans and. results information in DMIS 5.2. QIF 3.0 extends its coverage of I$SO GPS.
he requirements’ist is evolving as the members of the quality community identify mpre
orkflow requirements. Functional requirements involve engineering data and workflpw
etails, as-well as business case justifications and requirements.

e Interoperability requirements. This is primarily the requirement on the QIF standard that
evelopers from different companies should be enabled, without cooperation, to develop

software applications that will successfully exchange QIF data packages. This requirement is
essential because solutions are developed globally by diverse developers, but also because
QIF information must flow between companies, between original equipment manufacturers
and contractors, and between primary vendors and their subcontractors. Interoperability
requirements are met primarily through complete and accurate semantic annotations
embedded within the XML schema files, and by publishing specifications and usage
documents. QIF also includes data structures that allow writers of instance files to insert
customized data, which should only be used when their data does not match a defined QIF
data type.
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o Computational requirements. These are good practices of computer science that lead to
efficient code and efficient use of computation resources. Examples include the use of class
inheritance, and schema design practices that minimize the size of instance files.

o Datal/information quality requirements. The meaning of many information elements in the
QIF standard is preserved by constraints and validation tools provided by XML schema
language and XSLT stylesheet language transformations, including redundancy checks,
data elements to store the results of product data quality checks, and a digital signature with
a hash value to detect unauthorized editing or accidental corruption of a QIF document.

5.4 IF Data Quality
QIF data quality refers to the state wherein all data/information in the QIF standard are'defined
correctly, completely, and unambiguously and wherein all implementations of the QIF standard
employ aind interpret the information as explicitly defined in the QIF standard.

The QIH standard is not only a data structure but also a set of formal rules for data interactign with
that structure. By virtue of its implementation in XML schema language and standard checks
availabl¢ in the XSLT language standard, QIF transfers much of the burden of data/information
guality from the application implementer to the standard itself. If a-QIF instance file passes all XML
and XSUT software checks, it is valid to the QIF standard in all Syntactical and many semanﬂic
elementg.

541 XML implementation
The XML implementation of the QIF data model provides a number of benefits to QIF users.

First, the QIF data model is implemented in XML Schema Definition Language which allows [for
automatjc syntax and consistency checking.of the standard itself, using widely available freg or low-
cost soffware tools.

Second) software implementations_of.the standard can take advantage of free or low-cost aytomatic
source gode generation tools. These tools provide computer language code which automatigally
consumes and produces QIE.doeument instance files in XML format consistent with the syn{ax of
the stanfard.

Third, QJF document.ifstance files in XML format can be checked against the standard schgmas
with freq or low-cost-automatic tools. These tools will check that the structure of an instanceffile

ing

3 2 3 ; ugh the
use of XSLT (Extensible Stylesheet Language Transformations) language checks. The XSLT
checks are a normative part of the QIF specification. The XSLT checks can be performed by a
number of widely available free tools (and by low-cost tools). The XSLT checks address both the
integrity and semantics of individual instance files and the validity of references between linked
instance files. Moreover, when there is tree of linked instance files, applying the XSLT checks to the
file at the root of the tree results in the checks being applied to all files in the tree. Applying the
XSLT checks results in an error report being generated as an XML file.

The files that contain the XSLT checks are arranged in a small tree of six files with Check.xsl at the
root. Check.xsl imports CheckDocuments.xsd, CheckFormat.xsl, CheckQuality.xsl, and
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CheckSemantic.xsl. Each of those four imported files imports CheckLibrary.xsl. The Check.xsl file
triggers the use of the CheckDocuments.xsd file, which triggers the use of the other three.

The XSLT checks are parameterized. For example, the tolerance on the number of segments in a
polyline is given by the MaxNumSegments parameter. Values of the parameters are set in the
CheckParameters.xml file, which is accessed by the CheckLibrary.xsl file. A user may reset the
parameters by editing CheckParameters.xml. Processing of linked instance files may be activated
by the parameter CheckLinkedDocuments in CheckParamaters.xml, where MaxRecursionLevel
defines the maximum recursion level. Format, quality and semantic checks may be activated by
parameters CheckFormat, CheckQuality and CheckSemantic.

The XSIT checks in QIF are shown in Table 1.
Table 1 — XSLT Checks
XSLT Check Category Purpose

Makimum recursion level General The recursion level of linked \documents must|not
exceed the specified level:

Number of elements Format The number of elements’in sets/arrays must Qe
equal to the valuesspecified in the attribute 'n'

Makimal id of model Format The object ids miust be less than or equal to igiMax.

objgects

Link to an external QIF Format The specified-external QIF document must be

doqument found andhits QPId must match the one given

Link to an external object Format The spécified entity must be found in an exteral
document.

Link to a specific type of Format TFhe specified entity in an external document must

external object be the right type of entity (over 300 cases).

NURBS curve Format The number of control points must be equal tg the
number of knots minus the curve order.

NURBS surface Format The number of control points must be equal tq
(‘'nKtU' - 'ordU")*('nKtV' - 'ordV").

Fedture nominal Semantic Feature nominals must be connected to topolpgy
entities.

Pogition characteristic Semantic If the ToleranceValue in a Position characterigtic

def|nition definition is 0 then the MaterialCondition mus{ be
MAXIMUM.

High degree curve Quality Excessively high-degree curves (G-CU-HD) must
not be used.

Free edge Quality Free edges (G-SH-FR) must not be used.

Ovegr-used edge Quality Over-used edges (G-SH-NM) must not be usgd.

Fragmentéd-curve Quality Fragmented curves (G-CU-FG) must not be Uised.

Unit vec€tar length Quality The length of a unit vector must be close to 1.

Parameters:
Parameter Type Purpose

CheckFormat boolean Enable/disable the format checks.

CheckQuality boolean Enable/disable the quality checks.

CheckSemantic boolean Enable/disable the semantic checks.

CheckLinkedDocuments boolean Enable/disable processing of linked documents.

MaxRecursionLevel unsigned integer | Maximum recursion level of linked documents.

G-CU-HD/MaxDegree unsigned integer | Maximum NURBS curve/surface degree.

G-CU-FG/MaxNumSegments | unsigned integer | Maximum number of curve fragments.

unitVectorLength two doubles Maximum and Minimum unit vector length.
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The XSLT checks are performed via four .xsl files, namely, CheckDocument.xsl, CheckFormat.xsl,
CheckQuality.xsl, and CheckSemantic.xsl. The checks performed by each of these files are
described in the following subclauses.

54.1.1 CheckDocument.xsl
The Check Document.xsl file is used to trigger the use of CheckFormat.xsl, CheckQuality.xsl, and
CheckSemantic.xsl.

In addition, it contains over 300 checks between linked files that a reference from one aspect of a
feature or characteristic to another aspect of the same type of feature or characteristic does indeed
do that. For example, if a circle feature measurement in a QIF results file intends to reference a
circle feature item in an external QIF plan file, there is a check that the referenced object is a circle
feature ifem and not anything else (such as a flatness definition or a torus feature item). Thel same
set of checks is made within single instance files by key/keyref pairs, but key and.-Keyref apply only
within asingle file and cannot be used with linked files.

Finally, CheckDocument.xsl checks that the recursion depth of checking dees not exceed the
MaxRedursionLevel parameter.

54.1.2 CheckFormat.xsl
The CheckFormat.xsd file is used to make the following checks:

1. numbgr of elements in list - Several dozen types of lists>of elements are defined in QIF, far
examplg, the PartSet in a Product is a list of Parts. Each of these lists has an n attribute giying the
number [of elements in the list. It is checked that the;actual count of elements in the list is equal to n.
This chgck is performed on every list of elements-containing an n attribute.

2. external references - A QIF document D may contain references to elements in external QIF
documepts. To do this, D must include the-Uniform Resource Identifier (URI) and QPId of egch
externalldocument. It is checked that, for each external QIF document of D:

a. A file E exists with the URI-given in D, and E has a QIFDocument element in it
b. The QPId of the QIFDecument in E is the one given in D
c. Hvery external entity-reference in D that is supposed to be in E is, in fact, in E.

3. NURBS curves - Itjs checked that in any 2D or 3D NURBS curve, the number of control goints
equals the numberioef-knots minus the order of the curve.

4. NURBS surfaces - It is checked that for any NURBS surfaces the number of control point$ equals
the produet. of (nKtU - ordU) and (nKtV - ordV).

5.4.1.3 CheckQuality.xsl
The CheckQuality.xsl file is used to make the following checks.

1. It is checked that there are no NURBS surfaces of excessively high degree. The maximum
degree is a parameter that may be set in CheckParameters.xml.

2. It is checked that there are no free edges. A free edge is an edge that is used by only one face in
a shell.

3. It is checked that there are no overused edges. A overused edge is an edge that is used by more
than two faces in a shell.
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4. It is checked that 2D and 3D polylines do not have excessively many segments. The maximum
number of segments is a parameter that may be set in CheckParameters.xml.

5414 CheckSemantic.xsl
The CheckSemantic.xsl file is used to make the following checks.

1. It is checked that a FeatureNominal is connected to an entity (which should be a topology entity).
This check is optional and is inactive by default. It can be activated via CheckParamaters.xml. If the
connection is to an internal entity, a separate key/keyref check ensures that the entity is a topology
entity. If the connection is to an external entity, its type is not checked.

2. It is checked that in any position characteristic definition, if the tolerance is zero, the matefial
condition must be maximum.

54.2 |Redundancy Checks
QIF contains redundancy checks at two levels.

At the lgw level, each type of element describing a list, set, or collection-includes a required attribute
“n,” whigh is the number of items contained in the list, set, or collection:\f any of the low level “n”
counts do not match the actual number of items in a list, set, or coll€ction, or the optional
ValidatipnCounts element is present and indicates the presence of a list or item which is ngt
present, or indicates a number of items in a list which does not'match the actual number of ifems in
that list, [or a top level list or item is present but not indicated as such in the ValidationCounfs
element]if it is present, then there is an internal inconsistency in the QIF document and the
documept is not valid.

At the high level, the root level of a QIF document has an optional element ValidationCounts,
which can be used to indicate the presenseand number of items in key, top level QIF document
lists and items.

5.4.3 |Product Data Quality
QIF defines an optional ProductBataQuality element of type ProductDataQuality Type, which
containg information about product data quality (PDQ) requirements and a list of checks performed
on the QIF document. PDQ information includes the declaration of product data quality along with
Boolean elements indjeating if checks have been approved and if checks have been done.

Each PIPQ checklisted in the optional ProductDataQualityChecks element contains information on
the type|of check, its description, requirements, status, and results statement. Optionally, the source
requiring the eheck, the software application used for the check, and the URL of any XSLT ysed in
the chegk;can be specified.

5.4.4 Digital Signature

A QIF document can include a digital signature in the optional Signature element of SignatureType
defined in the xmldsig-core-schema.xsd schema, which can be found at
http://www.w3.0rg/TR/2002/REC-xmldsig-core-20020212, and which implements data elements
to the ITU-T X.509 | ISO/IEC 9594-8 (10/2012) Public-key and attribute certificate frameworks
standard.

This digital signature’s features include a certificate containing:

e Signature version
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Serial number of the certificate
Algorithm id

Certificate issuer name

Validity period

Certificate subject name

Subject public key information
Optional extensions

The certificate signature algorithm
The certificate signature
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in the certificate signature is a hash value, which can be used to detect unauthorizg
r accidental corruption of the QIF document.

Long Term Archiving and Retrieval

erm Archiving and Retrieval (LOTAR) of product and technical data is afl-important s
ng a product lifecycle for many products, particularly in aerospace and!military appli
pntext, “Long Term” means long enough for information to be affected by changing
gies, including support for new media and data formats, or a changed user commur
, “Archival storage” refers to the process that ensures data’remains available for ac
AR goal is to define and store digital information models.in such a manner that the
on can be fully retrieved, and data files corresponding.to the model can be fully real
[e time, even if the systems used to define and store-the information are then obsolg

wing requirements are required of the QIE@tandard for it to be suitable for LOTAR:

[ must be an open data standard

hgest must be correct

Retrieve must be accurate

\ unique persistent identifier.or identification scheme must exist

e, if a part is modeled in QIF, all relevant information, including measurement-relate
pciated GD&T part infermation, part measurement plans, and required resources an
e retrieved and utilized no matter what software and manufacturing systems are avg
far future date.

m can be-made largely because QIF is an open, non-proprietary standard informatig
'his gives a strong probability of accurate information retrieval in the far distant futur
rly“eompared to proprietary, non-standard, quality measurement digital information
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nternational is the official name of the consortium-that generated the LOTAR standard.
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In particular, the QIF model has been developed in close collaboration with the LOTAR International
group to further ensure the archival suitability of QIF. The express objective of LOTAR International
is “to develop, test, publish and maintain standards for long-term archiving (LTA) of digital data,
such as 3D CAD and PDM data. These standards will define auditable archiving and retrieval
processes. Use of the standard series by other branches of industry such as the automotive or
shipbuilding industry is possible. The results are harmonized with e.g. the Recommendation 4958
for long-term archiving of the German Association of the Automotive Industry (VDA) and are based
on the ISO 14721, Open Archival Information System (OAIS) Reference Model. The documents for
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the standard are published as the EN9300 series and, in cooperation with the AlA, also as the
National Aerospace Standard (NAS).” (http://www.lotar-international.org/).

5.5 QIF manufacturing functional requirements

Requirements that have been validated by inspection and examples in QIF include ASME GD&T,
ISO GPS, ISO 22093, and ANSI/DMIS 105.3. Functional requirements met in QIF include the
following:

¢ Information requirements for QIF encompass the principles of geometric dimensioning and
tolerancing as described in ASME GD&T and 1ISO GPS, as well as workflow practices and
quplity management functions.

c

e QIF encompasses all planning and results information defined in ANSI/DMIS 105.3. QIF also
indludes device, tool, and sensor data.

e QIF instance files support all information defined for first article inspection reports as defined in
the standard AS9102B [1].

e Thee neutral data format specifications are accompanied by fully defined semantics der|ved
where applicable from other standards like ANSI/DMIS 105:3,"and AS9102B. The semantics
enpure that data cannot be misinterpreted between sendér. and receiver of QIF instance files.

¢ Ingpection results data formatted as QIF Results can be used both for a reverse engingering
pracess where actual measurement data is stored without the presence of nominal
infprmation, and for a conventional measurement process where inspection is planned|using
nominal part feature data.

e QIF facilitates traceability of quality results to inspection and measurement processes,
indluding identification of measurement devices and operators, software applications, and
CAD models.

o QIF facilitates traceability of-guality results to manufacturing processes by maintaining [links,
so[that inspection dataCan be used to monitor, control, and improve manufacturing processes.
The QIF scope includes support of manufacturing process and product validation testing.

¢ QIF Results data‘can be written to facilitate re-analysis of measured point data.

¢ QI data.supports quality systems based on model based definition, as well as systems that
implement 2D drawing-based processes.

5.6 QiFand STEP

The 1ISO 10303 family of standards is informally known as the “Standard for the Exchange of
Product model data” or “STEP.” QIF has relevance to several of the STEP standards, especially
STEP AP203, "Configuration controlled 3D designs of mechanical parts and assemblies"”, STEP
AP242, “Managed model based 3d engineering,” and STEP AP219, “Dimensional inspection
information exchange.” The relationship and harmonization between QIF and the relevant STEP
standards will be addressed in other documents outside this standard.
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5.7 QIF information model design guidelines
A QIF design principle is to follow a decoupled normalized relationship model. As such, many
relations between data elements (also known as instanced types) in the QIF schemas are made
using identifiers rather than allowing a parent type to directly contain a child type (as you would find
in a strictly hierarchical model). Each “object” or “instanced type” that needs to be referenced by
another type is given a unique identification designator (id). The referencing object may then
establish a relation by calling out the id rather than redefining the entire data element within itself.
By decoupling the child from the parent we introduce the ability to reuse components of the
relationship without duplicating definitions. This concept of decoupling is one of the pillars of QIF
extensillility. It also leads to reducing instance file size compared to purely hierarchical design, and
may leagl to better data integrity because the risk of duplicating errors is reduced.

The QIF models represent measurement features and characteristic objects with four aspecis: item,
definition, nominal, and measurement. The relationships between data objects 0f’'€ach aspeft type

in an ingtance file are implemented using a relationship scheme described in‘more detail in
subclause 5.9. Because the scope of QIF covers the entire workflow of enterprise quality systems,
the aspects allow QIF instance files to describe nominal and measured. GD&T quality data, as well
as exprgss the relationships and other data generated during the waorkflow of planning, execution,
reporting, and analysis.

We will use the terms “data object” and “object” to mean a grouping of information in a QIF XML
instancq file, defined by elements of the QIF information model.

5.8 Overview of XML schema file modularity

A complete model built using XML Schema Definition Language (XSDL) is called a schema.
Howevef, the complete model may consist of information items from several different schema files.
Typically, the complete model will be defined using a top level (or root) schema file which wi|l use
subordinate schema files. In XSDL, using definitions in other files is indicated by an include
directive. The top level file includes Subordinate files, and those subordinates may include other
subordinates.

For example, QIFDocumentis a complete application schema. The top-level schema file is
QIFDocyment.xsd. It includes the primary schema file for each of the six QIF application arejas, and
each of fhose includes subordinate files collected in the QIF Library. The net effect is that the
QIFDocument schema contains everything defined in all the QIF schema files.

U

An XML|data'file conforming to an XML schema is called an instance file. Every instance filg
conformjng-to the QIF model will have QIFDocument as the root of a hierarchy of informatign.

The XML schema file hierarchy of QIF is shown in Figure 3.
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QIF (directory)

QIFApplications (directory)
QIFDocument.xsd
QIFMeasurementResources.xsd
QIFPIlan.xsd
QIFProduct.xsd
QIFResults.xsd
QIFRules.xsd
QIFStatistics.xsd

QIFLibrary (directory)
Auxiliary.xsd
Characteristics.xsd
Expressions.xsd
Features.xsd
GenericExpressions.xsd
Geometry.xsd
IntermediatesPMI.xsd
Primitives.xsd
PrimitivesPD.xsd
PrimitivesPMI.xsd
Statistics.xsd
Topology.xsd
Traceability.xsd
Units.xsd
Visualization.xsd

Figure 3 — QIF XML schema directory structure

D

The QIH Library is modularized by grouping related type and element definitions together in
schemalfile. Some of the schema files in the QIF Library serve multiple applications, and some
serve only a single application.
o HExpressions.xsd@nd GenericExpressions.xsd serve only QIFRules and QIFPIan.
e Auxiliary.xsd; Geometry.xsd, Topology.xsd, and Visualization.xsd serve primarily QIFProduct
fhough QIFMeasurementResources also uses the first three of those).
o Statisties:xsd serves only QIFStatistics.

The QIH application models are each described in a separate subject area clause (QIF Clauges 7
through 12). Clause 6 of the QIF standard describes the contents of each schema file in the QIF
Library.

5.9 Data structures

59.1 The QIFDocument element

QIFDocument is the highest level element of all QIF instance files. Its structure is illustrated in
Figure 4. QIFDocument can be used to generate many different sorts of instance files. Such a file
may include information from one or more application areas. For example, a QIFDocument
instance file defining QIF Rules will typically have only identifying information and a Rules element.
On the other hand, if a product has been modeled in the Product element of a QIFDocument, an
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instance file containing a plan for that product is likely to have the same Product element and a
Plan element in the QIFDocument.

A QIF Statistics instance file is likely to have at least a Product element, a Results element, and a
Statistics element.

However, a user has the option of putting related application information in a single instance file or
keeping that information in separate instance files. A QIF Statistics instance file might contain only
identifying information and a Statistics element. The product information referenced in the
Statistics element might be in a second instance file that was generated when the product was
designefl, and the measurement results information referenced in the Statistics element might be
in a third instance file that was generated when an instance of the product was measured-\When
related information from different applications is in a single file, it is connected using.identifigrs (ids)
that are [local to the file. When that information is in separate files, it is connected-using a
combingtion of local ids and QIF Persistent Identifiers (QPlds), which are uniyersally unique]
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; Figure 4 — Structure of the
PR . | QIFDocument element

[Econstraints

A brief description of all sub-elements of the QIF Document element follows. All elements other than
the required QPId element are optional; however, it is recommended that a QIFDocument contains
at least a Header and one or more of the MeasurementResources, Product, Plan, Results,
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Rules, and Statistics application areas. It is strongly suggested that every QIFDocument also have
Version and FileUnits.

e QPId —the QIF persistent identifier for the document. This is a universally unique identifier.
QPIds are discussed in subclause 5.13.2. QPIdType is defined in Primitives.xsd.

e Attributes — provides the user with opportunity to attach typed information that is not
modeled in QIF. It is described further in subclause 5.25. The AttributesType and
Attributes global element are defined in Primitives.xsd.

e VersionHistory — version history information about the file. The VersionHistoryType is

gefiredHrtrtermediatesxse:
° ersion — version information about the file, including TimeCreated and Signoffs:
o Header — identification of the source of the file and the scope of the file. The
DIFDocumentHeaderType and Header global element are defined in QIFDocument.xsd.
° alidationCounts — the size of each of about 50 lists of QIF elements.This is provided so
that an application can check the integrity of the document by checking.the counts against
the actual numbers of elements in the lists. Each count is optional-lf-a count is omitted for a
list, it does not imply that there are zero elements in the list.
RroductDataQuality — a description of quality checks applied to the document. Quality
ghecks are discussed in subclause 5.4.3.
ExternalQIFReferences — a list of external QIF documents referenced in the documgnt, with
g local id for each external document. External QIF references are discussed in subglause
5.13.3.
$tandardsDefinitions — a list of standards referenced in the document.
$oftwareDefinitions — a list of software systems referenced in the document.
AlgorithmDefinitions — a list of algorithm definitions referenced in the document.
e PFrelnspectionTraceability — information about the provenance of the file before inspection
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as occurred. The Prelnspectionifraceability Type is defined in Traceability.xsd.

Preinspection traceability is discussed briefly in subclause 6.14.2.

FileUnits — information about the units used in the file. Units are discussed in subclause

.18 and in more detail in’subclause 6.15. The FileUnitsType and FileUnits global ¢lement

Ire defined in Units:xsd.

patumDefinitions)> a list of datum definitions. Datum definitions are discussed in sybclause

.17.6.1. DatumDefinitionsType is defined in IntermediatesPMI.xsd.

DatumTargetDefinitions — a list of datum targets. Datum target types are listed in

ubclause*6.8. The DatumTargetDefinitionsType and the various datum target types are

efined in IntermediatesPMI.xsd.

[ransforms — a list of transforms. Transforms are discussed in subclause 5.16.3. The
TransformListType and Transform global element are defined in IntermediatesPMI.xsd.

o CoordinateSystems — a list of coordinate systems. Coordinate systems are discussed in
subclauses 5.16.4, 5.16.5, and 5.16.6. The CoordinateSystemType,
CoordinateSystemListType and CoordinateSystems global element are defined in
IntermediatesPMI.xsd.

e DatumReferenceFrames — a list of datum reference frames. Datum reference frames are
discussed in subclause 5.17.6. The DatumReferenceFramesType and the
DatumReferenceFrameType are defined in IntermediatesPMI.xsd.

e MeasurementResources — information about measurement resources. Measurement
resources are discussed in Clause 1. The MeasurementResourcesType,

38 © 1SO 2020 - All rights reserved



https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

MeasurementResources global element, and other measurement resource types are
defined in QIFMeasurementResources.xsd.

e ThreadSpecifications — a list of thread specifications. Thread specifications are discussed
in subclause 5.22. Thread specification types are defined in IntermediatesPMI.xsd. Thread
characteristics and features are defined in Characteristics.xsd and Features.xsd,
respectively.

o Product - information about parts and assemblies, both designs and physical instances of
the designs. These are discussed in subclause 5.11 and in more detail in Clause 0 and
subclauses 6.2, 6.7, 6.10, 6.13, and 6.16. The ProductType and Product global element

roductxsd:

eatures — information about features. Features are discussed in subclause 5.9/2,:5|9.5,

.19, 5.20, and 5.23, and in subclause 6.5. The FeaturesAspectsListsType and Feptures

lobal element are defined in Features.xsd.

eatureZones — information about feature zones. A feature zone defines;a portion of a

feature and is used to define characteristic tolerance zones or datum.target areas or to

pecify the meaning of a characteristic.

haracteristics — information about characteristics. Characteristics are discussed in

ubclauses 5.9.3, 5.9.4, 5.9.5, and 5.24 and in subclause 63. The

haracteristicAspectsListsType and Characteristics-global element are defined ip
haracteristics.xsd.
lan — information about a measurement plan. Measurement plans are discussed brjefly in
ubclause 5.2 and in more detail in Clause 0. The'PlanType and Plan global element are

efined in QIFPlan.xsd.
esults — information about one or more.measurement results. Each measurement fesults
includes all information associated with‘a single product measurement such as meagured

feature, characteristic, and coordinate system transform information. Measurement results
re discussed briefly in subclause;5.13.4 and in detail in Clause 11. The ResultsType and
esults global element are defined in QIFResults.xsd.
tatistics — information about quality statistics aimed primarily at process control; bgth plans

nd results are included._Statistics is discussed briefly in subclause 5.2 and subclauge 6.12.

tatistics is discussed-in detail in Clause 12. The StatisticsType and Statistics gloQal

lement are defined in QIFStatistics.xsd.

anufacturingProcessTraceabilities — information about manufacturing processes.

anufacturing process traceability is discussed briefly in subclause 6.14.5. The

anufacturingProcessTraceabilitiesType and the ManufacturingProcessTraceapilities

lobal\element are defined in Traceability.xsd.

utes — information about rules to be used in inspection planning and/or programming.
Rules are discussed briefly in subclause 5.2 and in detail in Clause 0. Rules types are
defined in QIFRules.xsd.

e UserDataXML - information in XML format modeled in some non-QIF namespace. The
UserDataXMLType and the UserDataXML global element are defined in Primitives.xsd.
This is intended to be used only for data that cannot be modeled in QIF.

e Signature — an electronic signature that identifies the signer and contains a check code
against which the signature will not verify if the file was changed after the signature was
inserted.

© IS0 2020 - All rights reserved 39


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

1SO 239
QIF 3.0
5.9.2

52:2020(E)

ANSI/DMSC QIF 3.0 - 2018

Four aspects of features data

Feature information is defined in the QIF library using four aspects: definition, nominal, item, and
measurement. In a QIF instance file each feature data object has a unigue identifier, and
relationships between objects are expressed by references to the identifiers as shown in Figure 5.
These four library data types were designed to express quality information beyond the scope of
solely inspection results reporting. The item aspect, in particular, includes information related to part
design as well as information generated by planning activities.

FeatureMLasurement - == =P Featureltem FeatureNominal » FeatureDefinition

Figure 5 — Reference connections among feature data objects in a QIF XML, instance fi
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Figure 6 — A plate with four holes

e with holes can existyin several contexts: it may be a printed 2D drawing, it may be
D, it may be a CMM inspection plan or program, it may be an actual physical part, it
esults report,.of it may exist as all of the above. Regardless, in QIF the four holes w
ed as cylinder-features. In the MBD or drawing contexts, nominal information for thg
b will existyIn the physical part context, information about the actual cylinders can ex

they are

measured. So, one would assume that QIF would only need to contain objects that
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Figure 7 — A plate with four holes and GD&T

gn of the plate shown in Figure 7 illustrates that some nominal information about thg
 and some is not. Each cylinder has a uniqgue nominal location.defined by basic or

ally exact dimensions but all have a shared nominal diameter..QIF therefore splits t
information between a shareable feature definition and a nen-shareable feature non

e definition data object is intended to be reusable, in.that it includes information (e.
diameter) that is common to a feature type but independent of a specific instance o
e.g., a specific hole in our example). A single feature definition can be referenced by
feature objects. Only nominal feature objects:may reference feature definition objec

| instance file:

v1linderFeatureDefinition id="22">
Diameter>10</Diametex>
CylinderFeatureDefinition>

e nominal data object adds additional feature information to the feature definition b
information unigue-to a particular instance of a feature. For example, an instance of

rFeatureNominalType references the CylinderFeatureDefinitionType, and gives
point and the axis vector and optional target points on a specific cylinder on a part t
ed.

Feature

f FeatureDefinitionType provides the diameter for a cylinder, while an instance of the

b holes

he
hinal.

g.,

f the
many
[S.

ample, the cylinder definition with the shared diameter of the holes might look like this in a

Y
the

he
D be

nominal data is unique to a particular feature in the context of a simple part. Butin t

ne

context of multiple instances of a part in an assembly it can be shared. In this case the feature
item’s (see below) reference to the nominal will include its assembly path. The feature nominal has
optional elements for Name and Description which may be used to identify and describe the

feature i

n the component part context perhaps as it appears in a CAD system feature tree.

If a part is measured, then each cylinder will have unique location and size information. No feature
measurement data can be shared among feature instances.

The four holes in the example would have four feature nominals in a QIF XML file:
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<CylinderFeatureNominal id="23">
<FeatureDefinitionId>22</FeatureDefinitionId>
<Axis>
<AxisPoint>40 40 0</AxisPoint >
<Direction>0 0 1</Direction>
</Axis>
</CylinderFeatureNominal>
<CylinderFeatureNominal id="24">
<FeatureDefinitionId>22</FeatureDefinitionId>
<Axis>
<AxisPoint>40 10 0</AxisPoint >
<Direction>0 0 1</Direction>
</Axis>
/CylinderFeatureNominal>
CylinderFeatureNominal id="25">
<FeatureDefinitionId>22</FeatureDefinitionId>
<Axis>
<AxisPoint>10 10 0</AxisPoint >
<Direction>0 0 1</Direction>
</Axis>
/CylinderFeatureNominal>
CylinderFeatureNominal id="26">
<FeatureDefinitionId>22</FeatureDefinitionId>
<Axis>
<AxisPoint>10 40 0</Z> </AxisPoimt >
<Direction>0 0 1</Direction>
</Axis>
/CylinderFeatureNominal>

Each hds a unigue id and specifies a unique-location but each references the same feature
definition.

el . ) T )
Molel LA ) ./~ Holel

Figure 8 — A plate with four holes with names.

A feature item data object represents an instance of a feature at the planning stage of the
metrology process. The feature item data object provides: the name assigned to the feature (as in
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Figure 8), optional links to upstream CAD data, reference to a part definition object id, and a
required reference to a nominal feature object.

If the same feature on the same physical part is measured several times, it is expected that a
feature item data object will be defined for each measurement. Some other examples of workflow
that cause instantiation of a feature item object include: any process at any time that requires a
named feature, planning inspection of a part, planning free-form measurement of a part for reverse
engineering purposes, bringing a legacy CMM report into QIF, or mining a legacy CMM program for
nominal features and characteristics.

A QIF XML instance file might have feature items like:

CylinderFeatureltem id="27">
<FeatureNominalId>23</FeatureNominalId>
<FeatureName>Hole 1</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="28">
<FeatureNominalId>24</FeatureNominalId>
<FeatureName>Hole 2</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="29">
<FeatureNominalId>25</FeatureNominalId>
<FeatureName>Hole 3</FeatureName:

/CylinderFeatureltem>

CylinderFeatureltem id="30">
<FeatureNominalId>26</FeatureNominalId>
<FeatureName>Hole 4</FedtureName>

/CylinderFeatureltemn>

Each item references a singlesnominal and assigns a feature name (the ellipses ... indicate ¢xtra
required elements outside the scope of this simple example).

Feature|nominal objects can be defined at the whole product level in the global coordinate system
or at the| part or subassembly level in a local coordinate system whereas the feature item is always
defined pt the whole product level. The feature nominal can be referenced by several featurg items,
one for ¢ach part or subassembly instance in an assembly. When a feature item references such a
feature mominal, the optional asmPath attribute on the FeatureNominalld element is used tp
unambiguously define the assembly path which takes the feature nominal from the part or
subassembly context to the whole part context.

A QIF XML instance file of an assembly containing two instances of the 4-hole plate might have
feature items like:

<CylinderFeatureltem id="27">

<FeatureNominalId asmPath="6">23</FeatureNominalId>
<FeatureName>Partl Hole 1</FeatureName>

</CylinderFeatureltem>
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<CylinderFeatureltem id="28">

<FeatureNominalId asmPath="6">24</FeatureNominalId>
<FeatureName>Partl Hole 2</FeatureName>

</CylinderFeatureltem>
<CylinderFeatureltem id="29">

<FeatureNominalId asmPath="6">25</FeatureNominalId>
<FeatureName>Partl Hole 3</FeatureName>

</CylinderFeatureltem>
<CylinderFeatureltem id="30">

A featur
or const
location
data, the
(which n

<FeatureNominalId asmPath="6">26</FeatureNominalId>
<FeatureName>Partl Hole 4</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="31">

<FeatureNominalId asmPath="8">23</FeatureNominalTId>
<FeatureName>Part2 Hole 1</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="32">

<FeatureNominalId asmPath="8">24</FeatureNominalId>
<FeatureName>Part2 Hole 2</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="33">

<FeatureNominalId asmPath="8">25</FeatureNominalId>
<FeatureName>Part2 Hole 3</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id=U34">

<FeatureNominalld asmBath="8">26</FeatureNominalld>
<FeatureName>Part2 \Hole 4</FeatureName>

/CylinderFeaturdltem>

e measurement.data object provides feature information that has been directly measured
fucted. For example, a CylinderFeatureMeasurementType will contain the measuTed

orientatior, and size of a cylinder. For an inspection that has been programmed from CAD
 feature measurement data object contains a reference to the associated feature itgm
hustreference the related nominal feature object (which in turn, has a related featurg

definitio

1 nhjprt)) Eeature measurement data gpnprnfpd rhlring areverse nnginnpring process

might not contain a reference to a feature item.

The four holes when measured might look like this in a QIF XML instance file:

44

<CylinderFeatureMeasurement id="31">
<FeatureltemId>27</FeatureltemId>
<Axis>
<AxisPoint>40.002 39.994 0</AxisPoint>
<Direction>-0.001 0 1</Direction>
</Axis>
<Diameter>10.003</Diameter>
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</CylinderFeatureMeasurement>
<CylinderFeatureMeasurement id="32">
<FeatureltemId>28</FeatureltemId>
<Axis>
<AxisPoint>39.967 10.011 0</AxisPoint>
<Direction>0.009 -0.009 0.999</Direction>
</Axis>
<Diameter>10.005</Diameter>
</CylinderFeatureMeasurement>
<CylinderFeatureMeasurement 1d="33">
<FeatureltemId>29</FeatureltemId>
<Axis>
<AxisPoint>10.002 10.013 0</AxisPoint>
<Direction>0.001 0 1</Direction>
</Axis>
<Diameter>9.996</Diameter>
/CylinderFeatureMeasurement>
CylinderFeatureMeasurement i1d="34">
<FeatureItemId>30</FeatureltemId>
<Axis>
<AxisPoint>9.987 40.013 0</AxisPoint>
<Direction>0 -0.004 1</Direction>
</Axis>
<Diameter>10.007</Diameter>
/CylinderFeatureMeasurement>

Each me¢asured hole is represented by a cylinder measurement that references the correspgnding
cylinder|item, and each has a unique measurement result.

5.9.3 [Four aspects of characteristics

As with features, characteristics have four aspects defined in the QIF library: definition, nom|nal,

item, anfd measurement. This is shewn in Figure 9. Data objects of each aspect type can bellinked
in a QIF| XML instance file to express the semantics of GD&T and quality workflow using the
scheme(described in subcladse 5.7. As with features, the aspects cover a quality workflow scope
wider than solely results reporting.

The chdracteristic definition is the part of a characteristic that can be shared among differgnt
characteristics. An 'example would be a standard diameter tolerance; one manufacturer, for
instancg, has a:standard diameter tolerance for sheet metal parts of (+.25/-.04) mm regardlgss of
the dianmetet. As another example, one often sees tolerances specified for dimensions basegl on the
number lof‘decimal places: dimensions to one decimal place are +.2 mm, those to two decimal
places are +.05 mm, etc.

In the example shown in Figure 7, a QIF XML instance file representation of the diameter tolerance
as a characteristic definition might look like:

<DiameterCharacteristicDefinition id="40">
<Tolerance>
<MaxValue>0.005</MaxValue>
<MinValue>-0.005</MinValue>
<DefinedAsLimit>false</DefinedAsLimit>
</Tolerance>
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</DiameterCharacteristicDefinition>

The characteristic nominal is the part of a characteristic that is not shared among different
characteristics, not to be confused with sharing a characteristic among several features. An
example would be a diameter tolerance for a set of holes in a pattern all with the same diameter.
That shared diameter becomes the target value in the nominal characteristic. Very often, each
characteristic definition will only be referenced by a single characteristic nominal, the pair together
representing one call-out on a print such as the diameter with tolerance in Figure 7.

In the example, an instance file containing the diameter characteristic nominal might look lik

0174

DiameterCharacteristicNominal id="41">
<CharacteristicDefinitionId>40</CharacteristicDefinit@lonId>
<TargetValue>10</TargetValue>

/DiameterCharacteristicNominal>

This single diameter characteristic nominal can be shared among the four’holes.

plate with holes would have one characteristic item for each hole*‘hecause each hole will haye an

The ch1racteristic item is the mechanism used to apply a tolerance to an individual feature. Our
individu

| tolerance condition.

\ 4

CharacteristicDefinitidn

v

CharacterjsticMeasurement Characteristicltem CharacteristicNominal

Figure 9 — References among characteristic data objects in a QIF XML instance file,

Each characteristic item references thelsingle shared characteristic nominal, and in turn that
characteristic nominal references a single characteristic definition which may or may not be
referenged by other characteristic nominals. Characteristic items are required to reference a
characteristic nominal.

LY @10 2.005(1)

/[ oso@[a @ [c@®] @

Figure 10 — A plate with ballooned tolerances.

The idea of a characteristic item may at first seem a bit redundant but it allows for a unique
identifying name or key characteristic identifier to be assigned on a per-feature basis. Our diameter
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tolerance might be “ballooned” on the print (as in Figure 10) as key characteristic number 1, then
each characteristic item could be labeled with key characteristics of 1A, 1B, 1Cor1 1,1 2,1 3
depending on company standards.

From the example, here is what a QIF XML instance file with key characteristics might look like:

<DiameterCharacteristicNominal id="41">
<CharacteristicDefinitionId>40</CharacteristicDefinitionId>
<CharacteristicDesignator>
<Designator>1</Designator>
Criticality
<LevelEnum>KEY</LevelEnum>
</Criticality>
</CharacteristicDesignator>
<TargetValue>10</TargetValue>
/DiameterCharacteristicNominal>

DiameterCharacteristicItem id="42">
<Name>Hole 1 diam</Name>
<CharacteristicDesignator>

<Designator>1 1</Designator>
<Criticality>
<LevelEnum>KEY</LevelEnum>
</Criticality>
</CharacteristicDesignator>
<CharacteristicNominalId>41</ChakacteristicNominalId>

/DiameterCharacteristicItem>

DiameterCharacteristicItem id="43">
<Name>Hole 2 diam</Name>
<CharacteristicDesignatox>

<Designator>1 2</Desgsignator>

<Criticality>
<LevelEnum>KEY<Y/LevelEnum>

</Criticality>

</CharacteristicbDesignator>
<Characteristii¢NominalId>41</CharacteristicNominalId>

/DiameterCharacteristicItem>

DiameterCharacteristicItem id="44">
<Name>Ho+€ 3 diam</Name>
<CharacteristicDesignator>

<Designator>1 3</Designator>
LC€riticality>
<LevelEnum>KEY</LevelEnum>
CritIcatity
</CharacteristicDesignator>
<CharacteristicNominalId>41</CharacteristicNominalId>
</DiameterCharacteristicItem>
<DiameterCharacteristicItem id="45">
<Name>Hole 4 diam</Name>
<CharacteristicDesignator>
<Designator>1 4</Designator>
<Criticality>
<LevelEnum>KEY</LevelEnum>
</Criticality>
</CharacteristicDesignator>
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<CharacteristicNominalId>41</CharacteristicNominalId>
</DiameterCharacteristicItem>

The optional CharacteristicDesignator element on the characteristic nominal defines the shared
characteristic designator (balloon number) from the call-out. The CharacteristicDesignator
elements on each characteristic item define the individual characteristic designators for the diameter
of the four individual holes. The Criticality element of a characteristic item overrides the Criticality
of the nominal, if the values differ.

The chelracteristic measurement is the evaluation of the characteristic based on direct
measureément or from feature measurement data. Just as with feature measurement infermgtion,
there is ho shareable information among characteristic measurements.

For the gxample, an instance file with measurements might look like:

DiameterCharacteristicMeasurement id="46">
<Status>
<CharacteristicStatusEnum>PASS</CharactéristicStatusEnum>
</Status>
<CharacteristicItemId>42</CharacteristicItemId>
<Value>10.003</Value>
/DiameterCharacteristicMeasurement>
DiameterCharacteristicMeasurementxid="47">
<Status>
<CharacteristicStatusEnum>RASS</CharacteristicStatusEnum>
</Status>
<CharacteristicItemId>43</CharacteristicItemId>
<Value>10.005</Value>
/DiameterCharacteristilcMeasurement>
DiameterCharacteristicMeasurement id="48">
<Status>
<Characteristie¢StatusEnum>PASS</CharacteristicStatusEnum>
</Status>
<CharacteristicItemId>44</CharacteristicItemId>
<Value>9,996</Value>
/DiametenCharacteristicMeasurement>
Diametep€haracteristicMeasurement id="49">
<Status>
<CharacteristicStatusEnum>FAIL</CharacteristicStatusEnum>
<{Status>
CharacterigsticIltemId>45 CharacteristicItemId
<Value>10.007</Value>
</DiameterCharacteristicMeasurement>

5.9.4 Default tolerances and characteristics

There are four types of dimension: a basic or theoretically exact dimension like (a dimension
to define the nominal location of a feature to which a geometric tolerance is applied), a reference or
auxiliary dimension like (40.0) (a dimension which can be calculated from other dimensions but
which is provided for easy reference), a directly toleranced dimension like 40.0+0.1 (either as
specification limits or as a bidirectional tolerance about a nominal value), and a dimension which is
not directly toleranced like 40.0.
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This latter dimension, although not explicitly toleranced, is often subject to an “unless otherwise
specified” default tolerance. Such default tolerances are often called “box tolerances” because they

can appear in a box at the corner of a drawing and often take the form:

Unless otherwise

specified
XX +.2mm
XXX .05 mm

X XXX +.005 mm

XXe° +1°

In QIF characteristics are explicitly typed; a length nominal cannot use a diameter definition fo

define it tolerance. Because these default tolerances cross type boundaries (the same tolef
may apply to a length, diameter, distance, coordinate etc.) QIF has’a mechanism for storing
referenging un-typed default tolerances. Instead of defining a tolérance directly in a charactg
definition such as:

DiameterCharacteristicDefinition id&!"40">
<Tolerance>
<MaxValue>0.005</MaxValue>
<MinValue>-0.005</MinValue>
<DefinedAsLimit>false</DefinedAsLimit>
</Tolerance>
/DiameterCharacteristicbDefinition>

The tolerance values can be defined by reference to a default tolerance:

DiameterCharadteristicDefinition id="40">
<Tolerance>
<DefinitionId>20</DefinitionId>
<DefificdAslLimit>false</DefinedAsLimit>
</Tolerance>
/DiameétferCharacteristicDefinition>

ance
and
ristic

Where tl" aPDNafinitionld alamant rafarancac a2 dafault tnlaranca faund in tha
eoeHHHoHHaeeeRtetrerelcesSaaeadittorerahce+odhiaitie

DefaultToleranceDefinitions element. Such a default tolerance has the form:

<LinearToleranceDefinition id="20">
<Tolerance>
<MaxValue>0.005</MaxValue>
<MinValue>-0.005</MinValue>
</Tolerance>
</LinearToleranceDefinition>
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This tolerance can be referenced by any linear value characteristic. The default tolerance for
angular value characteristics is defined in a separate element:

<AngularToleranceDefinition id="21">
<Tolerance>
<MaxValue>1</MaxValue>
<MinValue>-1</MinValue>
</Tolerance>
</AngularToleranceDefinition>

The relaltionship between a default tolerance definition and the box tolerance annotation can be
made mpre explicit with a note contained in the optional Attributes element:

LinearToleranceDefinition id="20">
<Attributes>
<AttributeStr name="Applicability”, value="X.XXX/\>
<\Attributes>
<Tolerance>
<MaxValue>0.005</MaxValue>
<MinValue>-0.005</MinValue>
</Tolerance>
/LinearToleranceDefinition>

A similaf concept is that of a default characteristic applied to all non-directly toleranced featyres of a
part, forlexample, “Unless otherwise specified all surfaces || 0.5| A| B | C ['. Such contextual

tolerances are stored in a special DefaultCharacteristicDefinitions element which is a list pf
charactgristic definitions.

At the PMI stage of design, default tolefances and characteristics can be indicated simply by their
presencp in the DefaultToleranceDefinitions element and the DefaultCharacteristicDefinjitions
element| The connections betweén these tolerances and the features to which they apply cgn be

made later at the metrology planning stage.

5.9.5 |Relationships between the aspects
Three of the four aspects of characteristics are instantiated in the global Characteristics elgment of
type CharacteristicApectsListsType. This type has an element for listing instances of eacl of the
following aspects: CharacteristicDefinitions, CharacteristicNominals, and Characteristi¢ltems.
The founth, CharacteristicMeasurements is found on a per-measured-part basis in the
MeasurgmentResults element of Results. This allows for multiple part measurements to be
reportedn a single QIF instance Tile. It more than one part has been measured then there will be
more than one characteristic measurement referencing the same characteristic item.

To traverse all characteristics in a QIF XML instance file, the starting point would be the
Characteristicltems sub-element of the Characteristics element.

The four aspects of features are similarly instantiated in the global Features element of type
FeatureAspectsListsType and in the FeatureMeasurements element on a per-measured-part
basis in the MeasurementResults element of Results. FeatureAspectsListsType has an element
for listing instances of FeatureDefinitions, FeatureNominals, and Featureltems, all of which are
optional. The feature item will come into existence either at the planning stage with reference to
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nominal (and definition) data or optionally come into existence during a reverse-engineering use

case.

To traverse all features in a QIF XML instance file, the starting point would be the Featureltems
sub-element of the Features element.

5.9.5.1

Connecting characteristics and features

The connections among the four aspects for both characteristic aspects as a group and feature
aspects as a group have been discussed earlier. In general, the measurement references an item,
the item references a nominal, and the nominal references the definition. The connection between

characte
Charact

The Feq
items of
Feature)
such as
relations
of the C

There ig
stage wi
informat
Feature)

Unlike trme Featureltemslds element which referefices the minimum number of features ned

for the

the man
for a sin
(or featu

From th
connect
nominal

ristics and features is accomplished with the Featureltemlds element on the
eristicitemBaseType from which all characteristic item types are derived.

tureltemlds element allows a characteristic item to reference the feature item or fea
the feature or features to which it applies. When more than one featurgis)reference
temlds element it is because more than one feature is required to evaluate the tole
a distance or angle between two features. To determine the charaeteristic-feature
hips in a QIF instance file, the starting point would be the Chatacteristicltems subA
naracteristics element.

hen neither feature items nor characteristic items yet exist. Product manufacturing
on (characteristics) are attached to the model based definition (features) by the
Nominallds element on the CharacteristicNominalBaseType.

easurement of a single characteristicsitem, the FeatureNominallds element can re
y feature nominals to which the characteristic nominal applies. This one-to-many ref
ple characteristic nominal will give'rise to as many characteristic items as there are {
re pairs, etc.).

b example, in a QIF XML instance file containing both characteristics and features, t
ons between charagteristic items and feature items and characteristic nominals and
5 might look like this:

DiameterCharacteristicNominal id="41">
<ChapracteristicDefinitionId>40</CharacteristicDefinitionId>
<FeatureNominallds n="4">

LId>23</Id>
<Id>24</Id>

iture
d by the
rance,

element

a secondary method of connecting characteristics andfeatures for use at the PMI design

essary
erence
erence

eatures

he
feature

©IS

TO>25<7/ T
<Id>26</Id>
</FeatureNominalIds>
<CharacteristicDesignator>
<Designator>1</Designator>
<Criticality>
<LevelEnum>KEY</LevelEnum>
</Criticality>
</CharacteristicDesignator>
<TargetValue>10</TargetValue>
</DiameterCharacteristicNominal>
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<DiameterCharacteristicItem id="42">
<Name>Hole 1 diam</Name>
<FeatureItemIds n="1">
<Id>27</Id>
</FeatureIltemIds>
<CharacteristicNominalId>41</CharacteristicNominalId>
</DiameterCharacteristicItem>
<DiameterCharacteristicItem id="43">
<Name>Hole 2 diam</Name>
<FeaturelItemIds n="1">
<Id>28</Id>

</FeatureltemIds>
<CharacteristicNominalId>41</CharacteristicNominalId>
/DiameterCharacteristicItem>
DiameterCharacteristicItem id="44">
<Name>Hole 3 diam</Name>
<FeaturelItemIds n="1">

<Id>29</Id>
</FeatureltemIds>
<CharacteristicNominalId>41</CharacteristicNominalId>
/DiameterCharacteristicItem>
DiameterCharacteristicItem id="45">
<Name>Hole 4 diam</Name>
<FeaturelItemIds n="1">

<Id>30</Id>
</FeatureltemIds>
<CharacteristicNominalId>41</Ch@racteristicNominalId>
/DiameterCharacteristicItem>

feristic designators have been removed from the characteristic items in the above e

In the cgntext of a single part measurement this connection between the characteristic item

feature i

tem would be sufficient to imply the connection between the single characteristic

measurg¢ment and single feature ‘measurement. But, if the results of more than one part
measurgment are included in-a Single QIF document this connection is no longer sufficient.

Therefo

measure

From th
connect

52

e, to explicitly makeythe connection between a characteristic measurement and the
bd feature or featlres to which it applies the FeatureMeasurementlds element is ug

b example,\in‘a QIF XML instance file containing both characteristics and features, t
ons between characteristic measurements and feature measurements might look liK

DiameterCharacteristicMeasurement id="46">

ample.)

and

ed.

he
e this:

oLadlLUuos
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>
</Status>
<CharacteristicItemId>42</CharacteristicItemId>
<FeatureMeasurementIds n="1">
<Id>31</Id>
</FeatureMeasurementIds>
<Value>10.003</Value>
</DiameterCharacteristicMeasurement>
<DiameterCharacteristicMeasurement id="47">
<Status>
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>
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</Status>
<CharacteristicItemId>43</CharacteristicItemId>
<FeatureMeasurementIds n="1">

<Id>32</Id>
</FeatureMeasurementIds>
<Value>10.005</Value>
/DiameterCharacteristicMeasurement>

DiameterCharacteristicMeasurement id="48">

<Status>
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>

</Status>

5.95.2

The diagrams in this clause illustrate thevarious possible connections among feature aspec

<CharacteristicItemId>44</CharacteristicItemId>
<FeatureMeasurementIds n="1">
<Id>33</Id>
</FeatureMeasurementIds>
<Value>9.996</Value>
/DiameterCharacteristicMeasurement>
DiameterCharacteristicMeasurement id="49">
<Status>
<CharacteristicStatusEnum>FAIL</CharacteristicStatusEnum>
</Status>
<CharacteristicItemId>45</CharacteristidItemId>
<FeatureMeasurementIds n="1">
<Id>34</Id>
</FeatureMeasurementIds>
<Value>10.007</Value>
/DiameterCharacteristicMeasurement>

Connections at various stages of the metrology process

- 2018

LS,

among ¢haracteristic aspects, and between characteristic aspects and feature aspects at vafious

stages qf

the metrology process when feature data is present.

FeatureDefinition

\ 4

FeatGreNomina
X

CharacteristicDefinition

A 4

CharacteristicNominal

Figure 11 — Connections at the PMI Stage

Figure 11 shows the possible connections at the product manufacturing information stage of the
metrology process. In this stage all information necessary to associate PMI (dimensions and
tolerances, etc.) with features on a part is known. The dotted arrow between CharacteristicNominal
and FeatureNominal indicates that the associated QIF element (FeatureNominallds) is an optional
element. It is nevertheless required for this use case in order to associate a characteristic with the
feature or features to which it applies.
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FeatureDefinition

v

\4

Featureltem FeatureNominal
A A

CharacteristicDefinition

A 4

Characteristicltem CharacteristicNominal

Figure 12 — Connections at the Planning Stage

Figure 1
Existing
charactd
referenc
nonethe

2 shows the additional connections that come into being at the planning stagelof mg
connections from the PMI stage persist and remain unchanged. Feature-items and

e the data from the PMI stage. Again dotted arrows represent optiohal elements wh
ess required at the planning stage.

trology.

ristic items which represent individual feature measurements and characteristic evajuations
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Figure 13 — Connections at the post-measurement stage

ptted arrows represent optional elements which are nonetheless required at the post
bment stage.

3 shows the-post-measurement connections when both feature and characteristic d
If only-characteristic information is present then Figure 9 shows the connections be
characteristic aspects at the post-measurement stage. Similarly, if only feature infor

both nor

hinal and measurement, is present then Figure 5 shows the connections between th

feature aspects at the post-measurement stage.

3 shows the new connections.that arise at the post measurement stage. The featurg and
ristic information and connections from the planning and PMI stages persist and remain
ed and additional connegtions between measured characteristics and the measured
to which they applyand between measurements and their associated items are mafe.

pta are
ween
mation,
e four

From the solid arrows in Figure 9 we see that characteristic nominal information is necessary when
characteristic measurement information is present. The dotted arrow in Figure 5 and on the top row
of Figure 13 shows that this is not the case with feature information. In the reverse engineering use
case scenario, features may be measured without nominal information, often with the goal of

creating

5.9.5.3

54

a drawing or electronic model for a part where one does not exist.

Parent Features
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The Featureltem element (defined in the FeatureltemBaseType) contains an optional sub-element
called ParentFeatureltemld. The purpose of this element is to connect a feature item created after
the initial planning stage with an existing feature in a measurement plan.

Occasionally, a feature item in a measurement plan cannot be measured when the plan is to be
executed and a new derivative feature is measured in its place. Some examples include:

o Acylinder in a thin walled material, perhaps with break-away from a punching operation, is
measured as a circle.

e /A PartTests O a datunt feature making it inmaccessibie and the surface ptate 1S measyred to
imulate the datum surface.

[¥s)

[ ]
|

'he edge of a sheet-metal part is inaccessible with available probe configurations sofa gage
Rlock is held against the edge and measured.

o A countersink is not measured directly but instead a spherical tooling)ball is placed ir the
Hole and measured.

5.10 Hierarchy of required information

5.10.1 |QIF use of optional elements
The QIF information model contains many optional data elements. Sometimes these elemerjts
represemt data for special cases which do not arise in most applications. But mostly, data el¢ments
have begn made optional to allow for a variety of use-cases while avoiding the possibility of the
necessity to create fake or dummy data for a required data element that is outside the scopg of a
particulgr use case. For example, a caliper canonly measure the size of an actual cylinder feature
so requifed measured XYZ center location and 1JK vector orientation elements for the actua
cylinder|would be outside the scope of the-caliper-based use case.

There afe situations where different.use cases require that all data elements of a QIF type bp
optional| A caliper can measure-the size of a hole but not the location or orientation, and a manual
CMM with a conical hard probe-can measure the location and orientation but not the size of p hole.
Therefole, the location, oriehtation and size are all optional elements of the cylinder measurgment
in QIF. The presence of.such optional data in the QIF information model in no way indicates|that the
optional|data is unimportant.

Wherever possible, data elements in QIF that are co-requisite are placed together in a data fype so
that all the data that is required is mandatory. An element of that data type may be optional.|The
result is|that either all or none of the data is present. The QIF feature and characteristic aspects
which isolate sharable information like size from non-sharable information like location sometimes
result in co-requisite information appearing in two different data types. In such cases the annotation
describing the data type will make reference to any co-requisite data elements.

The hierarchies of required information for various aspects of the QIF information model are
discussed in the individual subclauses pertaining to those aspects.

5.10.2 Example: diameter characteristic
Consider the measurement of the diameter of a hole. The diameter might have a nominal
representation and an associated tolerance which needs to be evaluated: or the diameter might be
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measured for the purposes of reverse engineering. Several examples are provided to illustrate how
various levels of detail can be accommodated in QIF.

Common to the examples where a diameter is specified with a tolerance are the characteristic
nominal and definition. Consider the diameter specification from Figure 10: g10+.005. The tolerance
is contained in the characteristic definition:

<DiameterCharacteristicDefinition id="40">
<Tolerance>
<MaxValue>0.005</MaxValue>
MinVatue>=0-005</Minvatucs
<DefinedAsLimit>false</DefinedAsLimit>
</Tolerance>
/DiameterCharacteristicDefinition>

and the hominal is contained in the characteristic nominal as described in sub¢lause 5.9.3.

DiameterCharacteristicNominal id="41">
<CharacteristicDefinitionId>40</CharacteristicDefinitionId>
<TargetValue>10</TargetValue>

/DiameterCharacteristicNominal>

5.10.2.1] Measurement with a hard gage
Suppose¢ that a hard gage is used to determine the tolerance condition. The gage consists of two
pins: a gmaller pin which must fit in the hole and a larger. pin that must not. The result of the
inspection is a simple pass/fail evaluation.

The actyal results of the measurement might appear as follows in a QIF XML instance file:

DiameterCharacteristicMeasurement id="46">

<Status>
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>

</Status>

<CharacteristicdItémId>42</CharacteristicItemId>

/DiameterCharaCteristicMeasurement>

The actdial diameter s not known and the optional Value element does not appear in the instance
file.

5.10.2.2) _Measurement with a caliper
If the sajme-hole is measured with a caliper not only can the tolerance condition be determingd but
the actual diameter 1S available.

The actual results of the measurement might appear as follows in a QIF XML instance file:

<DiameterCharacteristicMeasurement id="46">
<Status>
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>
</Status>
<CharacteristicItemId>42</CharacteristicItemId>
<Value>10.003</Value>
</DiameterCharacteristicMeasurement>
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5.10.2.3 Measurement with a coordinate measuring machine

If the same hole is measured with a coordinate measuring machine then even more data about the
size can become available. In addition to the actual best-fit diameter, the minimum and maximum
diameters might be reported.

The actual results of the measurement might appear as follows in a QIF XML instance file:
<DiameterCharacteristicMeasurement id="46">

<Status>
<CharacteristicStatusEnum>PASS</CharacteristicStatusEnum>

I~a e a—p— o)

<CharacteristicItemId>42</CharacteristicItemId>
<Value>10.003</Value>
<MaxValue>10.004</MaxValue>
<MinValue>10.001</MinValue>
/DiameterCharacteristicMeasurement>

5.10.2.4] Reverse engineering
If the sajne hole is measured with a caliper but no nominal information,or.tolerance informatjon is
availabl¢ then the measurement results must be captured as a featuré rather than as a
characteristic.

The actyal results of the measurement might appear as follows in a QIF XML instance file:

CylinderFeatureMeasurement id="31M>
<FeatureltemId>27</FeatureltemId>
<Diameter>10.003</Diameter>

/CylinderFeatureMeasurement>

In this ekample the optional Featureltemld-element is present. The feature item will contain|the
feature mame and material disposition (inmer or outer).

5.10.2.5 Limit dimensions
A charagteristic may be describied by specification limits like 10.005/9.995 in which case th

examplg diameter characteristic definition might appear as follows in a QIF XML instance filg:

19%

DiameterCharacteristicDefinition id="40">
<Toleranece>
<MaxValue>10.005</MaxValue>
<MiniValue>9.995</MinValue>
ZPefinedAsLimit>true</DefinedAsLimit>
</Tolerance>

1 o o e . e o e
Dildllic LT L UlIIdldUCLTEL Lo L 1IUCDUCL TIT1T L LUILL

Because the size is defined by the limits, the target nominal diameter need not be specified, in
which case the example diameter characteristic nominal might appear as follows in a QIF XML
instance file:

<DiameterCharacteristicNominal id="41">

<CharacteristicDefinitionId>40</CharacteristicDefinitionId>
</DiameterCharacteristicNominal>
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Note that the optional TargetValue element is not present.

5.10.2.6  Basic or theoretically exact dimensions

A characteristic may be described with a basic or theoretically exact dimension like [ 10 |, a nominal
without tolerance limits. If a basic or theoretically exact diameter is to be measured then the
diameter characteristic definition might appear as follows in a QIF XML instance file:

<DiameterCharacteristicDefinition id="40">
<DimensionType>BASIC OR TED</DimensionType>
<NonTolerance>MEASURED</NonTolerance>
DiameterCharacteristicberinition

The diamneter characteristic nominal target value would specify the basic or theoretically exagt
dimensipn:

DiameterCharacteristicNominal id="41">
<CharacteristicDefinitionId>40</CharacteristicDefinitf¥onId>
<TargetValue>10</TargetValue>

/DiameterCharacteristicNominal>

The diameter might be measured with a caliper but with no specification limits, no tolerance
evaluatipn can be performed. The results of a measurement of\a basic or theoretically exact
diametef might appear as follows in a QIF XML instance file:

DiameterCharacteristicMeasurement idx"42">
<Status>
<CharacteristicStatusEnum>BASIC OR TED</CharacteristicStatusEnumf>
</Status>
<CharacteristicNominalId>40%//CharacteristicNominalId>
<Value>10.003</Value>
/DiameterCharacteristicMeasurement>

5.10.3 [ScaleCoefficient
If the QIFDocument/QIFPraduct/Header portion of an instance file includes a ScaleCoeffi¢gient
element| all elements representing distances in the QIFDocument/QIFProduct and
QIFDocpument/Features-portions of an instance file are scaled. The default value of the
ScaleCgefficient is 1. "The type of all values to be scaled is either LinearValueType or xs:double.
To convert suchalues in an instance file to actual values, divide by the ScaleCoefficient value. To
record actuakvalues in an instance file, multiply the actual value by the ScaleCoefficient valjue.

5.11 Actualparts-and-assemblies
The QIF data model is able to represent both nominal models of products and actual instances of
products. A detailed description of the QIF model for nominal product definition including parts and
assemblies can be found in subclause 7.4 Product Structure. What follows is an overview of the QIF
model structure for the purpose of connecting actual data to nominal product definitions. The
nominal product model does not include "nominal” in the names of its terms. The terms used in the
actual product model do include "actual”. The nominal product model is in the Product element of
the QIF document, while the actual model is in the Results element. The actual model includes
references to the nominal model.
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The QIF data model represents a (nominal) product as one or more (nominal) components.
Conceptually, a component is a (nominal) instance of a part or assembly placed into the context of
the final product or a higher order assembly. In the data structure, the component just references
the part or assembly so that data is not needlessly duplicated. The root component represents the
whole, final product and is the root of a tree of components representing the assembly structure. An
assembly path defines the path from the root component to an individual component in a product
design. This tree structure allows for each part or sub-assembly to be defined once and then be
placed into the final product or sub—assembly with a transformation matrix. A product consisting of a
single part will have one component.

- 2018

Each asjsembly path has a real world counterpart in the actual product. For example the con
a “right tear wheel” exists both in a (hominal) automobile design and on an actual autofobil¢
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e when measured data is associated with the product definition it is by reference to
y path. An assembly path may be shared by many objects in a QIF document. Ther
v paths are stored in one place: the AsmPaths element. Each assembly path has a

it is referenced.

blest example showing the connection between an actual product and the product d
single part. The product definition might be:

uct>

rtSet n="1">

Part id="1">
<Name>WING MIR REENF</Name>

/Part>
artSet>
mponentSet n="1">
Component id="2">
<Part>
<Id>1</Id>
</Part>
/Component>
omponentSet>
mPaths n="1">
AsmPath id="3"x
<ComponentIdsyn="1">
<Id>2</Td>
</ComponentIds>
/AsmPath
smPaths>
dugt?

cept of

D
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pfore,
QIF id
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A single

partisdefined-whichisusedimasingte component—Theassembly pathtothatcom

contains one id.

It is the assembly path of the product design component that is associated with the actual
component. Actual components are located in the ActualComponentSet element of the Results

element

<Results>

<ActualComponentSet n="1">

©IS

<ActualComponent id="4">
<SerialNumber>X124578-17</SerialNumber>

02020 - All rights reserved
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<Status>

<InspectionStatusEnum>PASS</InspectionStatusEnum>

</Status>
<AsmPathId>3</AsmPathId>
</ActualComponent>

</ActualComponentSet>

</Res

ults>

ANSI/DMSC QIF 3.0 - 2018

Each actual component has a QIF id which allows it to be referenced by one or more measurement
results (the same product sample may be measured more than once) and/or by individual feature

measure
<Resul

<MsHq

</N

</Reg

ments:
ts>
asurementResults id="86">

<MeasuredFeatures>
<FeatureMeasurements>
<PointFeatureMeasurement id="20">
<FeatureltemId>19</FeatureltemId>
<Location>2466.9 774.31 944.84</Location>
<ActualComponentId>4</ActualComponentId®
</PointFeatureMeasurement>

</MeasuredFeatures>
<ActualComponentIds n="1">
<Id>4</Id>
</ActualComponentIds>
easurementResults>

ults>

5.12 Checking connectionsthetween data objects

In QIF ir

stance files, many connections between objects are made using an identifier and a
referende to the identifier. /o example the connection from a feature measurement to a feg
item is made by putting @nidentifier in the feature item and a reference to the identifier in the
measurgment. The derivation hierarchy of ids and references to ids is shown in Figure 14.

Figure 14 — QIF id and reference types (below)

¥s:unsignedint
QIFIdAndReferenceBaseType

QIFIdType
QIFReferenceBaseType
QIFReferenceSimpleType
QIFReferenceType
QIFReferenceActiveType
QIFReferenceFull Type

ture
feature

All local (i.e. not significant outside the instance file) identifiers in the QIF schemas are of type
QIFIdType. All references to local identifiers are derived from type QIFReferenceBaseType. Both
QIFIdType and QIFReferenceBaseType are unsigned positive integers without leading zeros. For

60

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

example, 1 and 3079 are valid, but 001 and +3079 are not. For use between instance files, the
QIFReferenceType and its derived types may have, in addition, an xId attribute. The
QIFReferenceActiveType has, in addition, a boolean active attribute indicating whether the
reference is active. The QIFReferenceFullType has an asmPathld attribute. References that are
significant between instance files are discussed in the subclause 5.13.

Arrays of ids are defined in the StatsArrayldType, ArrayReferenceType,
ArrayBinaryQIFReferenceType, ArrayReferenceActiveType, ArrayReferenceFullType, and
ArrayBinaryQIFReferenceFull Type.

In a QIF XML instance file, the reference contains the same symbol as the identifier of the-ebject
being referenced. For example, if the value of the id attribute of an instance of
CylinderFeatureltemType is 26 then the value of the Featureltemld element of an.instance of
CylinderFeatureMeasurementType that uses that feature item is also 26.

QIF seeks to ensure that connections made using identifiers and references.join the correct types of
objects. |For example, a reference from a cylinder feature measurement to-its item must identify a
cylinder[feature item, not any other type of object such as a transformation or a cone feature
definition.

To ensuye that identifier/reference pairs make matches between.objects of the correct types| the
QIF schemas contain several hundred key/keyref pairs, onexfor each variety of identifier/reference
pair. Key and keyref are standard parts of the XML scherma definition language (XSDL). Refdily
availabl¢ XML instance file checkers will check whether-or not key/keyref constraints are safjsfied in
an instapce file governed by an XML schema. A detailed description of how key and keyref work
may be found in books about the XML schema anguage such as [2]. In simplistic terms, a
key/keyief pair locates two places in an (upside down) tree of objects that must contain identical
informatjon items. The two places are identified by describing the two paths that go downward to
them frgm a common starting point. The-key/keyref pair is located in a schema file at the conmon
starting point.

For example, the CylinderFeatureMeasurementToltemKeyref:

¢ | is located in the @Document element (the common starting point)

¢ | references the(€ylinderFeatureltemKey

¢ | has the xpath*t:Results/t:MeasurementResultsSet/t:MeasurementResults/
t:MeasuredFeatures/t:FeatureMeasurements/t:CylinderFeatureMeasurement”
¢ | has theield Featureltemld.

The “t:” pséd.with each element name in the xpath is a prefix standing for the QIF namespage and

i r ”u-\rJ hhstha ritlnc AF WO 1n vina tha 1n ANy chama that ticonc A Nnamacnanns Tha handh f
S equ CC uy tAe-FtheS-orXxoot=—th Apatrtoal ly SRttt USEeS o e space T e Ticauc ro

each QIF schema file declares that the “t:” prefix will be used for the http://gifstandards.org/xsd/qif3
namespace. Almost any other prefix would have worked as well; “t:” is nice and short.

The CylinderFeatureltemKey:

e s also located in the QIFDocument element (the common starting point)
¢ has the xpath “t:Features/t:Featureltems/t:CylinderFeatureltem”, and
e has the field @id

The @ signh means the id field is an attribute rather than an element.
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This sounds complex, but if we look at an instance file, it's fairly straightforward. Here is a snippet
from an abbreviated QIFDocument instance file.

<QIFDocument ..>

<Results ..>
<MeasurementResultsSet n="1">
<MeasurementResults .>

<MeasuredFeatures>

FeatnreMeasnurements n="30"

<CylinderFeatureMeasurement 1d="53">
<FeatureltemId>26</FeatureltemId>

<Axis> .. </Axis>

<Diameter>2.5</Diameter>

</CylinderFeatureMeasurement>

<CylinderFeatureMeasurement id="54">
<FeatureltemId>27</FeatureltemId>
<Axis> .. </Axis>
<Diameter>2.0</Diameter>

</CylinderFeatureMeasurement>

</FeatureMeasurements>
</MeasuredFeatures>
/MeasurementResults>

<MeasurementResultsSet n="1">
</Rejsults>

<Feajtures>

<Fpatureltems n="30">
CylinderFeatureltem id="26">
<FeatureNominalId>33</FeatureNominalId>
<FeatureName>top inner cylinder</FeatureName>

/CylinderFeatureltem>

CylinderFeatureltem id="27">
<FeatureNominalIld>34</FeatureNominalId>
<FeatureName>'dial' outer cylinder</FeatureName>

/CylinderFeatureltem>
</Featureltems>
</Feptures>

</QIFDocumerrt

When a key/keyref checking system reads this instance file and comes to the <QIFDocument>
part, it knows that it needs to check the CylinderFeatureltemKey and the
CylinderFeatureMeasurementToltemKeyref (since they are located in the QIFDocument
element). To check the key, the checker follows every
Features/Featureltems/CylinderFeatureltem path down to the id attribute. In the snippet above,
there are two such paths, one ending in “26”, the other ending in “27”. The checker puts the two ids
into a collection of ids of CylinderFeatureltems, checking to make sure that each of these is
different from those already in the collection. To check the keyref, the checker follows every
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Results/ MeasurementResultsSet/MeasurementResults/MeasuredFeatures/
FeatureMeasurements/CylinderFeatureMeasurement path down to the Featureltemld element.
In the snippet above, there are two such paths with elements, one with the value 26 and the other
with value 27. The checker checks that each of the values is in its collection of ids of
CylinderFeatureltems. The snippet above passes these checks.

The key/keyref pair mechanism catches errors in matching identifiers and references, but it is not
foolproof. In all cases, when there are many objects of the same type, no automated check (such as
key/keyref) will know which one is intended. For example, if an instance file has several instances of
CylinderFeatureltemType and several instances of CylinderFeatureMeasurementType (as in the
snippet above), only the builder of the instance file will know which item (26 or 27 in the snippet) is
supposqd to go with which measurement. In other cases, there is no way to define a key,that
discrimimates between similar types of object because they are mixed together at the' same lpcation
(in a set|of transformations containing both actual transformations and nominal transformatians, for
examplg).

The keyfkeyref mechanism is useful primarily within a single file. Most ofthe keyrefs in QIF allow a
referende to the internal id of an external file as an alternative to the id of an internal object.|This is
describgd in the following subclause. In the case of a reference to.an object in an external file, the
key/keyief mechanism does not provide an effective check on the\type of the object in the external
file. The|XSLT checks (as described in subclause 5.4.1) include a check that a referenced opject
with a given id exists in an external file, but that particular-check does not include checking Tat the
externallobject is of the correct type. In addition, all the<connections between aspects of features in
externallfiles and between aspects of characteristicsin external files are checked by the XSLT
checks. It is planned to augment the XSLT files sg that all key/keyref checks within a file haye XSLT
counterparts that check between files.

5.13 Tracking information through the product lifecycle
QIF is cpnstructed to enable a seamless flow of information from upstream applications to
downstream applications and to enable tracking information through a product’s lifecycle.

5.13.1 | Persistent Identifiers
The prinpary mechanism foriidentifying the same information independent of location and ingtance is
by the use of permanentpersistent identifiers (IDs). A persistent ID is an unchanging ID assigned to
an objedt which can‘be used to identify the object unambiguously.

Any iten) in Qlk-that can have user defined attributes can also be assigned a persistent ID.

5.13.2 |UUIDs and QPIlds
Persistent IDs provide a mechanism for QIF to preserve connections to data objects in external QIF
files and data objects in the world outside of QIF. The main QIF data object types can have
persistent IDs added as user defined attribute data. The data types of user attributes applicable to
persistent ID definition could include an integer value, a string value, or a QPId value. QPID
(pronounced "cupid") is a short form of QIF Persistent Identifier. A QPId is the QIF implementation
of a universally unique identifier (UUID), as standardized in ISO/IEC 9834-8. UUIDs have that name
because the chance of randomly generating two identical UUIDs is exceedingly low (one chance in
about 1038). Computer libraries for generating UUIDs conforming to the standard are widely
available in many computer languages.
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Using UUIDs, non-communicating systems can identify information uniquely. That information can
be combined later into a single application or database without needing to resolve identifier
conflicts.

As a number, a UUID is a 128 bit unsigned integer. As a text string in an instance file, a UUID is
represented by 32 hexadecimal digits displayed in five groups separated by hyphens in the form 8-
4-4-4-12 for a total of 36 characters (32 alphanumeric characters and four hyphens). An example of
a UUID string is 550e8400-e29b-0518-a716-445664449c0b. The letters a through f are

hexadecimal digits representing the numbers 10 through 15. Either lower case letters or upper case
letters may. he used.in QIE for those. rligi'rc

The nulllUUID, which is equivalent in practice to no UUID since it is not unique, is one that has all
128 bits|set to zero. In text form, that is written 00000000-0000-0000-0000-000000000000.

The QPIdType in QIF is required to have UUID format, and an instance of QPldType must lpe
created py a well known UUID generator. An element whose type is QPIdType’is often named QPId
or UUID, Where a QPId is used to identify a data object or a file, its datadype is QPIdType. Where a
QPId is used to reference a data object or afile, its data type is QPIdReferenceType, and i must

match ah existing QPId.

5.13.3 | External File References
Typically, a persistent ID is assigned to an item in a QIF document as a link to an object in the world
outside pf QIF. A more lightweight method of referencingitems inside a particular external QIF

documet is made available by external file references.

The external QIF file reference mechanism is enabled by the fact that each QIF document must
have a QPId identifying the document and by the fact that all QIF ids within a document must be
unique. [Thus the document-QPId/item-QIE<id pair can be used to uniquely identify a QIF item.

In order|1) to avoid using the external document QPId in each reference, 2) to make the extg¢rnal
QIF file feference mechanism lightweight, and 3) to enable automated key/keyref checking and
XSLT checking, an alias, which.can be referenced by a simple QIF id, is defined in the
ExterngdlQIFReferences element of the QIF document.

Each EXternalQIFDocument element of type ExternalQIFDocumentReferenceType captures the
QPId of the externalh@QtF document in the QPId element and has a QIF id. Optionally, the URL of
the extefnal file @nd/or its description can be specified.

External QI file referencing is best illustrated by example. Consider a diameter characteristjc
measureément which must reference a diameter characteristic item. In a single QIF document this
might look like:

<QIFDocument ..>
<QPId>DF837194-1E55-441b-A5D9-9279F56BCBEO9</QPId>

<DiameterCharacteristicItem id="15">
</DiameterCharacteristicItem>

<DiameterCharacteristicMeasurement id="47">
<CharacteristicItemId>15</CharacteristicItemId>
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</DiameterCharacteristicMeasurement>

In the snippet above, the measurement aspect references the item with id 15 in the same
document.

Now, consider the case in the snippets below where the characteristic items are defined in an
external QIF file. The external QIF file might include the following snippet.

<QIFDocument ..>
<QPId>D7258334-F9BF-4201-94FB-3D39EA74937B</QPId>

<DianeterCharacteristicItem id="15">

</DigmeterCharacteristicItem>

To refergnce the item id in the external QIF document, first, an external’‘decument referenceg must
be estaljlished and then the external item is referenced using the xld @ttribute:

<QIFDogument ..>
<QPIJ>AFD08F25-CAE6-4647-9667-674D5D66033F</QPId>

<ExtdrnalQIFReferences n="1">
<ExternalQIFDocument id="101">
QPId>D7258334-FO9BF-4201-94FB-3D39EA74937B</QPId>
</BxternalQIFDocument>
</ExflernalQIFReferences>

<DiameterCharacteristicMeasuremenht id="47">
<ChafacteristicItemId xId="15">101</CharacteristicItemId>

</DidmeterCharacteristitM&asurement>

The <ExiternalQIFDocument id="101"> object identifies the external QIF file via its QPId gnd
provideg id 101 to enable referencing that file. The x1d="15" in the diameter characteristic
measurgment then'points to the item id in the external QIF document whose internal id is 1Q1.

5.13.4 | QlFdata flow
Version [3:9)of QIF has six application areas. A QIFDocument instance file can contain any pne of
the applications or any combination of them. The most natural combinations in a single instance file
are those that contain a sequence along the workflow shown in Figure 2, for example, a Product
element from the Define Product activity, a QIFPlan element from the Define Measurement Process
activity, and a Results element from the Execute Measurement Process activity. Those elements
would reference information common to all three of them contained elsewhere in the QIFDocument,
such as:

o file units

e datum definitions and datum reference frames

e measurement resources

o feature definitions, nominals, and items
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e characteristics, definitions, nominals, and items

At the time a downstream process is started, (when measurements are starting to be taken, for
example), a QIFDocument instance file containing the output of an upstream planning process is
likely to exist; call it the QIFPIan file The plan file may have a QIFDocument with Product and Plan
elements as shown in the following instance file snippet.

<QIFDocument ..>
<QPId>AFDO8F25-CAE6-4647-9667-674D5D66033F</QPId>

<ProductT
praduct contents
</Prqgduct>
<Plar>
pldgn contents
</Pl4n>
</QIFDgqcument>

When neasurements are taken and it is desired to put the data in a QIEDocument instancelfile, the
data must not simply be added to the QIFPIlan file. A new QIFDocument instance file (call itthe
QIFResults file) should be created containing a Results element.:\Most elements of the
QIFDocument in the QIFPIlan file may be copied without change into the QIFDocument in the
QIFResults file, but any Version, VersionHistory, or Header element must be new. The
QIFResullts file might appear as shown in the following snippet. Note the new QPId.

<QIFDoqument ..>
<QPIQ>AFDO8F25-CAE6-4647-9667-674D5D66071A</QPId>

<Prodquct>
prdgduct contents (same as ird_previous snippet)
</Prgduct>
<Plarn>
pldqn contents (same af yin previous snippet)
</Plg4n>
<Resylts>
regults data here
</Redqults>
</QIFDqcument>

The way in which local identifiers (ids) are handled when a new downstream file is created ffom an
old upstfeann file is up to the application building the new file. The local identifiers from the upstream
process might be preserved or they might be changed. A simple method of preserving 1ds from the
QIFPIlan file is to start numbering new ids in the QIFResults file at a value larger than the maximum
id value in the QIFPIan file. In any event, no system processing QIF instance files should rely on
local identifiers remaining the same between files.

5.13.5 Using QPIds in QIF

To provide a method of uniquely identifying QIFDocument instance files and objects in them, QPIds
may optionally be assigned to the QIFDocument element and elements representing the six QIF
applications as shown in Figure 15. To avoid confusing QPIds with ids, QPIlds are always given as
elements, and ids are always given as attributes. The figure shows the element name. The value of
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each of the elements listed is of QPIdType. Where the element is in a base type, all of the derived
types will also have the element.

QPIds used for interconnecting QIF information (in contrast to QPId user attribute identifiers) identify
data on a coarse level: the whole document, or file sections describing a measurement plan, a
measurements result, etc. The QIF id mechanism is used for identifying data at a fine level: an
individual feature, characteristic, measurement point, etc.

QIFDocument

Required OPId element of the QIFDocumentType

PUID element of the CharacteristicDesignatorType at several places in the
Characteristics element

JUID element of feature nominals and feature items in the Features element

MgasurementResources
ThisinstanceQPId in the Version element of the MeasurementResourcesType

Plan
ThisinstanceQPId in the Version element of the PlanType

Product

ThisinstanceQPId in the Version element of the Rilgelement of the Header
element of the ProductType

ThisinstanceQPId in the Version element of .the File element of the Header

element of the PartType

ThisinstanceQPId in the Version element of the File element of the Header

element of the AssemblyType

JUID element of the PartAssemblyBaseType and the ComponentType

Ressults
ThisInstanceQPId in the'Mersion element of the ResultsType
ThisResultsinstanceQPId element of the MeasurementResultsType

Rules
ThisinstanceQRId in the Version element of the QIFRulesType
JUID element of the QIFRuleBaseType

Statistics
EhislnstanceQPld in the Version element of the StatisticalStudyPlanBaseType
hisinstanceQPId in the Version element of the CarrectiveActionPlanType

ThisStatisticalStudyResultsinstanceQPId element of the
StatisticalStudyResultsBaseType

Figure 15 — QPIdType elements

All uses of QPIds are optional with the exception of the required QPId element of the
QIFDocumentType. The document level QPId is required because uniguely identifying QIF
documents is the only reliable method of connecting files across the workflow shown in Figure 2.
Optional version QPIds may be used to strengthen connections. A key in QIFDocument.xsd (when
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applied by an instance file processor) checks that all instances of QPIdType in an instance file have
the correct format and are unique within the file.

When a downstream QIF instance file is created from an upstream QIF instance file, although the
QPId of the document itself must be new, the QPIds identifying coarse elements in the QIF
document may remain unchanged if the measurement plan, resources, etc. they identify are
unchanged. If elements such as characteristics, features, and product are copied into the
downstream file, any QPIds they contain (in QPId user attribute data, for example) should be copied
unchanged. If any part of a file section identified by a QPId (other than local ids) is changed after
copying,the QPId should be changed too A changed localid should result in a changed QPId only
if the logal id change results in a change in the structure obtained when all local id references have
been regolved.

QPIds uniquely identify QIF instance files and objects in the files. In addition, referénces to QPlds
may be psed to connect sections of QIF instance files (in different files or in the 'same file) ag shown
in Figurg 16. Where QPIds are used in QIFPlan.xsd they indicate the rulescthat were used in
developing the plan and/or the rules to be used in refining the plan. Where’QPIlds are used in
QIFStatistics.xsd, they serve to identify results from external QIF instance files. Where QPIds are
used in [Traceability.xsd they serve to identify the plan that was used for MeasurementResylts and
for Statistics. A reference to a QPId is always made using an ifistance of QPIdReferenceType.

QIFPlan.xsd
RulesToUseQPId in PlanType
RulesUsedQPId in PlanType

QIFStatistics.xsd
ResultsQPId in StatisticalStudyResultsBaseType

Traceability.xsd
ReferencedQIFPlanlnstance in InspectionTraceabilityType
ReferencedQIFPlaninstance in PrelnspectionTraceability Type

Figure 16 — QPIdFullReferenceType elements

The refdrences shewnin Figure 16 are made using the QPIdFullReferenceType which has|two
elementg, each.6f which is of QPIdReferenceType. The required ItemQPId element is the QPId of
the refeflenced-item. Each optional DocumentQPId element is the QPId (found in the Version) of a
QIFDocument that contains the item. For example, the RulesToUseQPId in a measuremert plan
might beasfottows:

<RulesToUseQPId>
<ItemQPId>ed43400a-29bf-4ec6-b96c-e2f846eb6f00</ItemQPId>
<DocumentQPId>fd43400a-29bf-4ec6-b96c-e2f846eb6ff6</DocumentQPId>
</RulesToUseQPId>

The DocumentQPId element is included so that the item will be easier to find. Adding an entry to

the ExternalQIFReferences element associating the document QPId with its location defined by its
URI further facilitates finding the item.
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Another use of references to QPIlds occurs in the VersionHistory of the QIFDocumentType, which
may be used to describe earlier versions of a QIF document. The information given there for each
earlier version has an optional QPIdReference element of type QPIdReferenceType.

5.14 Linking PMI information to product shape models

The QIF design provides for connecting detailed shape information in internal or external product
models to features, characteristics, parts, and assemblies in a QIFDocument instance file. The
PartType and the AssemblyType both have an optional DefinitionInternal element and an
optional DefinitionExternal element.

Each pdrt and assembly in a QIF instance file may correspond to an internal model. The intgrnal
model i as described in Clause 0.

Each pdrt and assembly in a QIF instance file may correspond to multiple external-models, fpr
examplg, a CAD file and two drawings.

In the cgse of an external CAD model, the identifiers in the model must be-at'least minimally
persistent in the sense that each time a given file is loaded into a system'that can handle it, the
same identifier should be attached to each information item as is attached any other time the file is
loaded. |t may be assumed that identifiers in a digital drawing that is not a CAD model are
persistept.

QIF supports the following types of external models for-parts and assemblies in the elements of the
DefinitipnExternal element.

Parts
Print¢dDrawingType
DigitalDrawingType
DigitalModelType
Phys|calModel Type

Assenlblies
Print¢dDrawingType
DigitalDrawingType
DigitalModel Type
Phys|calModelType

To connect digital drawing or digital model entities to QIF features and characteristics, the digital

enut'es M1t ha idantifiad and tha accaciation from a2 faatiira ar charactarictic t0 ANna ar mMar, d|g|ta|
st etaertHeaanatheaSsoeadtdohHoemateatt-e-e-eiaa 6te Hstieto-ohe-6Hhote

entities must be made. Printed drawings and physical models do not have entity identifiers that
could be connected to features or characteristics.

Identifying external digital entities is done in the DefinitionExternal element, which is of
DefinitionExternalType. The DigitalDrawing and DigitalModel elements of the
DefinitionExternalType each have a subordinate Entities element that is a list of Entity elements
of EntityExternalType. The ExternalEntityType has Entityld, Name, and Description elements
and an id attribute of QIFIdType. The value of the Entityld is a string that is a persistent identifier in
the external model. That string is created by the creator of the external model, not the author of the
QIF file. The id attribute is used to identify the entity in other parts of the QIF instance file. For each
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information item in the external model that has a persistent identifier and is to be referenced

elsewhe

re in the file, an Entity is defined.

The connection of an external digital entity to a feature or characteristic is made in the nominal
feature or nominal characteristic, both of which contain an EntityExternallds element that is a list of
the QIF ids for the associated external entities.

Internal entities are connected to features and characteristics in exactly the same way, except that
the ids of the internal entities are in an Entitylnternallds element.

An abbr
The snif
"TopDis

<Parf

<DH

</1
</Pay

The ass
QIF inst
correspq
oppositg

<Feaf

DigitalModel id="64">

bviated Part section from a QIF instance file is shown below. It has one model (with
pet shows two Entitys (with ids 68 and 69). One of those refers to the Entityld
anceRightPlane", and the other refers to the Entityld "TopDistancelLeftPlang'"

>

finitionExternal>

<Entities n="2">
<Entity id="68">
<EntityId>TopDistanceRightPlane</EgtityId>
</Entity>
<Entity id="69">
<EntityId>TopDistancelLeftPlahe</EntityId>
</Entity>
</Entities>
/DigitalModel>
efinitionExternal>
t>

pciation from a feature, t0 one or more CAD entities is made in the Features section
nce file (and similarly for characteristics). This is done by listing the EntityExternal
nd to each feattre instance. Here is a snippet from a QIF instance file in which a sif
parallel planes feature references the planes in the preceding snippet.

ures>

id 64).

of a
Ids that
gle

<Fdg

atdreNominals n="30">

<OppositeParallelPlanesFeatureNominal id="34">

<EntityExternallds n="2">
<Id>68</Id>
<Id>69</Id>
</EntityExternalIds>

</OppositeParallelPlanesFeatureNominal>
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</FeatureNominals>
</Features>

5.15 Welding Characteristics and Symbols

The QIF library contains a set of characteristic types that provide complete welding information on a
model as shown in Figure 17.

“2 WeldSquareCharacteristicMominalType

“ WeldBevelCharacteristicMominalType \

“2 WeldVCharacteristicNominalType

“Z WeldGrooveCharacteristicNominalType “2 WeldUChardcteristicMominalType
“2 WeldCompoundCharacteristicMominalType “2 Weld!CharacteristicMominalType
“% WeldFilletCharacteristicMominalType (12 WeldFlare\CharacteristicNomina [Type

“2 WeldPlugCharacteristicNominalTypéi(

“% WeldFlareBevelCharacteristicNominalTyp:
“2 WeldSlotCharacteristic N?rpi-r:a I'I_'ype “% WeldScarfCharacteristicMominalType
“2 WEldCharacteristicNominalBaseType “2 WeldSpotCha rEcEri;t;c NominalType
42 Wel_dStEu;CI;aracleristicNDminaIType
C \"}:\;‘ ';'ul'eld SeamCharacteristicNominalType
“% WeldSurfacingCharacteristicMominalType

“Z WeldEdgeCharacteristicMominalType

Figure 17 — Weld Characteristics Hierarchy

The weld characteristic types are implemented in correspondence with the American Welding
Society (AWS) standard A2.4:2012 “Standard Symbols for Welding, Brazing, and Nondestructive
Evaluation”. That standard describes both the symbols and their meaning. QIF models the meaning
of the weld symbols in the AWS standard as characteristics. The appearance of the weld symbols in
a graphical presentation of weld characteristics must be as prescribed in the AWS standard. The
meanings of the weld characteristics are described in this subclause.

The appearance of the weld symbols is described here and also in subclause 7.5.7.5.16, which
deals with the details of graphical presentation. A weld symbol consists of at least a horizontal
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reference line with an arrow angled 45 degrees up or down at one end, as shown in Figure 18,
Figure 20, Figure 21, Figure 22, and Figure 23. The symbol may also have several other graphical
devices and meaningfully placed text.

5.15.1 Base parameters

In QIF, all weld characteristic types have the following base parameters:

Field Name

Data Type

Description

AllAround

xs:boolean

This element instructs to weld on all

sides of thejoint:

Field

xs:boolean

This element instructscto-weld on a job
site, not in the welding shop.

Specificption

xs:token

This element contains a sp
that describes a-specific w

pcification
blding

process. This-note shouldjjse the

standard welding abbrevi
AAW.(Air Acetylene Weldi

tions such as
ng), AB (Arc

Blazing), AHW (Atomic Hydrogen

Welding), ..., TC (Thermal

Cutting).

WeldingProcess

WeldingProcessType

This optional element defi
welding process.

nes a

NonDegtructiveTesting

ArrayNonDestructiveTestingType

This optional element conffains an array

of non-destructive tests.

5.15.2 |Location Significance parameter
Location Significance defines the location of @ weld. A weld characteristic can be one-sided
on the afrow side or on the other side of the’reference line) or both-sided, as shown by the weld
symbolg in Figure 18. Each type of weld-characteristic has a specific enumeration of the location

significance values.

/.

/

Arrow Side Other side

/

Figure 18 — Location Significance

Both sides

placed

5.15.3 Weld Characteristic parameters
The Weld characteristic parameters define welding dimension parameters (such as size, depth,

pitch, length etc.) and finishing information (contour symbol and finishing designator). In QIF, the
weld characteristic parameters are organized in the hierarchy shown in Figure 19.
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“% WeldSpotOneSideParametersType

“2 WeldOneSideParametersExtendType “2 WeldOneSideParametersExtendSizeType “Z WeldOneSideParametersBaseType

“2 WeldFilletOneSidelnBothSidesType “Z WeldFilletOneSideType

“Z WeldGrooveOneSideParametersType

The wel
meaning
presents

tion.

| i 1.0 \Alalal Ol + ikl D + [H |
ryurc 19 vvCiu UlalratlitTriotiv Taraliicicro rnerarcity

Finishing

Finishing Designator

Depth of Bevel

J Contour Symbol
Groove Weld Size o /
1 1
Weld Size, \ I L_‘_/ Angle

S(E) LP
L4 | T |
I i}:r__, ai
(N) Specification
Pitch
T Length
Number
of Welds

Figure 20 — Weld Characteristic Parameters

] characteristic parameters (from all types of weld characteristic parameters sets) af
s follow. Figure 20 shows where the parameter values are placed in a graphical

d their
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Parameter Name

Data Type

Description

Finishing

WeldFinishingType

This element defines finishing
parameters of the weld.

Finishing/ContourSymbol

WeldContourSymbolEnumType

This element defines a supplementary

contour symbol that is used
with the weld symbols to indicate
how the face of the weld should
be finished.

This element defines a finishing

Finishing/FinishingDesignator

WeldFinishingDesignatorEnumType

designator-thatisused-toindicate the
method for forming the eoptour of
the weld.

This element definesthe sire/strength
of a one-sided'weld. In cas¢ of the

Size FractionType bevel weldthis parameter fhould be
interpreted as its depth.
. This efement defines a grogve weld
Groove FractionType .
size,
This element defines a grogve angle or
Angle AngularValueType the angle of countersink fofr a plug

weld.

RootOplening

FractionType

This element defines a roof opening or
the fillet depth for a plug weld.

This element defines the length of the

Length LinearValueType weld.
pitch LinearValueType This element defines the pitch of the
weld.
Depth FractionType T.h.IS element defines the d¢pth of the
filling.
Table 2 — Weld Parameters
Examplg:

<WeldFijlletCharactefigticNominal 1id="10302" label="WELD FILLET 10302">

<FeafjureNominallds n="1">

<Id>9630</Id>
</FedtureNogiNialIds>

<LocgtionSdghificance>BOTH SIDE</LocationSignificance>

<BotHSigeg>

<AfnCwSide>
P

===

<Numerator>5</Numerator>
<Denominator>16</Denominator>

</Size>

<LengthOfEachWeld>1</LengthOfEachWeld>

<Pitch>3</Pitch>
</ArrowSide>
<OtherSide>

<Size>

<Numerator>5</Numerator>
<Denominator>16</Denominator>

</Size>

<LengthOfEachWeld>1</LengthOfEachWeld>

<Pitch>3</Pitch>
74
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</OtherSide>
<Staggered>true</Staggered>
</BothSides>
</ WeldFilletCharacteristicNominal>

5.15.4 Supplementary parameters

The following supplementary parameters may be added to the basic weld characteristics: spacer,
back weld, melt through, consumable insert, removable backing. Figure 21 shows the graphical
presentation of melt through. The figure is followed by a QIF instance file snippet giving an example

of melt through.

Figure 21 — Melt Through

Examplé:

<WeldV(GharacteristicNominal 1d="10301" label="WELD &) ¥ 0301">
<FeafjureNominalIds n="1">
<I4>9631</Id>
</FedtureNominalIds>
<Onedide>
<LdcationSignificance>ARROW SIDE</Locat@onSignificance>
<SypplementarySymbol>MELT THROUGH</SugplementarySymbol>
</0OngSide>
</WeldJCharacteristicNominal>

5.15.5 |Non-Destructive Testing types

Non-Destructive Testing is defined hy ‘a set of non-destructive testing types. In a graphical
presentation, it is placed on the reference line or on the second reference line when multiple
referende lines are used, as shown in Figure 22.

RT+PT

Figure 22 — Non-Destructive Testing with Multiple Reference Lines

5.15.6 Compound Welds
The Compound Weld characteristic defines a number of welds (up to 4) to be filled in the same
welding operation sequence. An example of the graphic presentation is shown in Figure 23.
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N
d

257/

Figure 23 — Compound Weld

5.16 QIF handling of transforms, transformations, and coordinate syste

5.16.1 |Coordinate Spaces
In QIF, the locations and orientations of all features, both nominal and measurements, are d
in three{dimensional, right-handed, Cartesian coordinate spaces.

The location and orientation of nominal features can be defined in the coordinate space of t
product component to which they belong allowing nominal feature information to be defined
a part and shared across multiple instances of the same part in an@ssembly. Components (
and assemblies) are combined to form the product and in the process the nominal feature

informatjon undergoes coordinate transformations until it is in\the coordinate space of the ro
compongnt, i.e. that of the product itself. In many situations the product will consist of a sing
compongnt in which case all nominal feature informationis defined in a single coordinate sy

The coordinate space of the root component is analogous to the global or world coordinate s
in a CAD system: it is the de facto Cartesian coerdinate space to which all other Cartesian s
can be related.

The location and orientation of measured/features are defined in this root component coordi

space. Yeasured feature information:can be transformed from this root component coordinate

space into other coordinate spaces using transformation information stored in QIF.

5.16.2 [Transformation matrix
A transfprmation matrix is-used to map (X, Y, Z) coordinates and (I, J, K) unit vectors betwee
Cartesign coordinate-spaces. Component transformations map the location and orientation (
compongent to its location and orientation in an assembly.

In QIF & transformation matrix takes the form of a 4 by 3 matrix consisting of a 3 by 3 rotatio
defining|realumber triplets representing the orientation of one coordinate space in another

ms

efined

e
pnce for
parts

Dt
e
stem.

ystem
paces

hate

eN

f a

N matrix
and

th 101 £ ’AH + HA 1o Aafi =l l L frial ot Mol 1 ot
e Orlgl I'Ur Uric couruniatc opabc I Aarruaic! UTiniCTu adao a 1cal 1rmulititocl] LIIPICL. DULIT U1 1UtAtl

n

matrix and the origin are optional allowing for definions of rotation-only transforms, translation-only

transforms, and the identity transform (no rotation or translation) as well as combined rotatio
translation transforms.

XYZ points, 1JK direction vectors, and transformation matrices of local coordinate spaces ca

n and

n all be

defined in a common coordinate system. The origin of the transform is the XYZ location of the local
coordinate space in the common coordinate space. Each row of the rotation matrix is the direction

of an axis of the local coordinate space in the common coordinate space.
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Such a transformation matrix is defined by the CoordinateSystemCoreType which has two
elements defining the rotation (as a 3x3 matrix) and the origin (as a triplet):

Rotation: a 3x3 matrix representing the X, Y and Z axis directions of the local
coordinate space in the common coordinate space having 3 sub-elements:
XDirection: a unit vector defining the IJK direction of the X-axis direction of the

local coordinate space in the common coordinate space.

YDirection: a unit vector defining the IJK direction of the Y-axis direction of the

local coordinate space in the common coordinate space.
ZDirection: a unit vector defining the IJK direction of the Z-axis direction o

the

The threg

Qrigin:

local coordinate space in the common coordinate space.

coordinate space.

e vectors defined by the XDirection, YDirection and ZDirection etements are orth

a point defining the origin of the local coordinate space in the cofimor

bnormal;

each is ¢f unit length and each is perpendicular to the other two. Furthermore they are right-handed

in the se
element

ZDirectijon element, the right-hand vector cross product of the &7eetor defined by the YDirec

element
XDirect

nse that the right-hand vector cross product of the vector defined by the XDirection

with the vector defined by the YDirection element is equalto the vector defined by

with the vector defined by the ZDirection element is:equal to the vector defined by
on element, and the right-hand vector cross product of the vector defined by the

fion

ZDirectijon element with the vector defined by the XDiréction element is equal to the vectol| defined
by YDir¢ction element. Or in short:

DJ

Xdirection|| =1
Ydirection|| =1
ZDirection|| =1
Direction - YDirection =0

Direction - ZDireetion =0

Direction -XDBirection =0

Direction’ x YDirection = ZDirection

Direction x ZDirection = XDirection

ZDirection x XDirection = YDirection

This results in a transformation which can translate and rotate but neither skew nor scale axis

systems.

To map (or transform) a point in a local space with coordinates (x, y, z) to a point in the common
space with coordinates (X, Y, Z) where the local space is defined by the transformation matrix with
both rotation and translation:
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the following calculations are used:

X = X)x + (Yiy + (Z)z + Oy,

Y= X)x+ (Y)y +(Z)z + Oy, (1)

Dl

The may
compon
following

£

H

Convers
To map
calculati

hd

|WN|

And to n
calculati

—

K

[ = (Xk)X + (Yk)y + (Zk)Z + O..

pping of vectors between common and local spaces is similar. To map the vector wit
ents (i, j, K) in local space to the vector with components (1, J, K) in common space t
calculations are used:

= (X)i + (V) + (2K,
=i+ M+ @k (2
(= (Xi + (Yi)] + (Zwk.

ely, to map points from common space into local space the inverse transformation is
the point (X, Y, Z) in common space to the point.(x, y, z) in local space the following
pns are used:

= (Xi) (X-Ox) + (X)) (Y-Oy) + (Xi) (Z-Og);
= (Y) (X-Ox) + (Y)) (Y-Oy) + (Y)(Z-02),  (3)
= (Z) (X-Ox) + (Z)) (Y-Oy) +1(Zx) (Z-Oy).

nap the vector (1, J, K) in cOmmon space to the vector (i, j, k) in local space the folloy
pns are used:

= (X1 + (X)I A(KK,
= (Y)I + Q03 + (YK, (4)

= (2 (Z2))d + (ZoK.

A transf

=

5 used.

ving

hrimiation matriv with hath ratatinn and tranclatinn minaht Inale lilka thic in 9 OIE inctand
SHAAHE - et A8 et eta o aRaHahRSatHe - HHgH O 0 heHSHHa—Gr=—HStahe

e file:

<Tra
<R

</
<0
</Tr

78

nsform id="2">

otation>

<XDirection>0.8660254037844 0 -0.5</XDirection>
<YDirection>0 1 0</YDirection>

<ZDirection>0.5 0 0.8660254037844</ZDirection>
Rotation>

rigin>5.5179491924311 0.5 3</Origin>

ansform>
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If the transformation matrix is a rotation only matrix then the optional Origin element is missing. In
this case, the origin offset is Ox= Oy= O, = 0.0 and formula (1) simplifies to:

X = (X)x + (Y)y + (Z)z,
Y = (X)x + (Y)y + (Z)z, (1a)
Z= (Xk)X + (Yk)y + (Zk)Z.

Formula (2) for the mapping of vectors between common and local spaces is unchanged.

Formuld (3) for the mapping points from common space into local space simplifies to:

hVd

= (X)) X+ (X)) Y + (Xi) Z,

y=MmXxX+MyY+MJ)z, (39

|\

=(Z) X+ (Z) Y +(Z2) Z

And formula (4) for mapping the vector (I, J, K) in common space to the vector (i, j, k) in locdl space
remains{unchanged.

A rotatign-only transformation matrix might look like this in a QIF instance file:

<Trapnsform id="2">
<Rptation>
XDirection>0.8660254037844 0 -0.5</XDirection>
YDirection>0 1 0</YDirection>
ZDirection>0.5 0 0.8660254039Y844</ZDirection>
</Rotation>
</Trinsform>

If the trgnsformation matrix is a translation only matrix then the optional Rotation element is
missing/ In this case, the rotationfmatrix is the 3 by 3 identity matrix and formula (1) simplifies to:

=X+OX1
=y+ 0y, (1b)
4=2z+0..

If there is no retation then vectors remain unchanged and formula (2) simplifies to:

J=j, (2b)
K=k.
Formula (3) for mapping points from common space into local space simplifies to:
X =X — Oy,
y=Y-0y, (3b)

z2=72-0..
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Because vectors remain unchanged and formula (4) simplifies to:

J
k

j=J, (4b)

=K.

A translation-only transformation matrix might look like this in a QIF instance file:

<Transform id="2">

<Ofigin>5.5179491924311 0.5 3</Origin>
</Triansform>

If the trgnsformation matrix has neither translation nor rotation then both the optional Origin
Rotation elements are missing and points and vectors remain unchanged in the'transforma

Formula

b 4

4

Formula

X

Y

4
And the
A transf

<Tra

5.16.2.1
Figure 2
The Car

(1) simplifies to:
=X,

=y, (1¢)

=z

(3) simplifies to:
=X,

=Y, (3¢)

=Z.

vector transformationscare’described by formulas (2b) and (4b).
brmation matrix with-neither rotation or translation might look like this in a QIF instan
nsform id=42"/>

TranSformation matrix example
41 shews a part with two Cartesian axis systems for the common space and a local S
tesian coordinates and axis vector direction of a hole center are shown in both the ¢

and
ion:

ce file:

pace.
pmmon

| cAnC~AC

and loca

80

TopPTATT OT

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

Common Local

7.7500 X 2.0000
2.5000 Y 2.0000
2.8660 7 1.0000
0.5000 I 0.0000
0.0000 J 0.0000
Common 0.8660 K 1.0000

Figure 24 — Transformation matrix example

The origin of the local space in common space coordinates is (Ox'= 5.5179, Oy = 0.5000, O,(|=
3.0000)) The X-axis of the local space in terms of common space is (X; = 0.8660, X; = 0.0000, Xy = -
0.5000), the Y-axis of the local space in terms of common.space is (Yi = 0.0000, Y; = 1.0000| Y« =
0.0000),) and the Z-axis of the local space in terms of common space is (Z; = 0.5000, Z; = 0.9000, Z
= 0.8660) giving the 4x3 transformation matrix:
|_ 0.8660 0.0000 -0.5000—|

| 0.0000 1.0000 0.0000 |

| 0.5000 0.0000 0.8660 |

I 5.5179 0.5000-3.0000 |

To trangform thelhole center in local coordinates (2.000, 2.000, 1.000) to coordinates in the
common space-the formula set (1) is used:

={0.8660)(2.0000) + (0.0000)(2.0000) + (0.5000)(1.000) + 5.5179 = 7.7500

Y = (0.0000)(2.0000) + (1.0000)(2.0000) + (0.0000)(1.000) + 0.5000 = 2.5000
Z = (-0.5000)(2.0000) + (0.0000)(2.0000) + (0.8660)(1.000) + 3.0000 = 2.8660

To transform the hole axis vector in local coordinates (0.000, 0.000, 1.000) to coordinates in the
common space the formula set (2) is used:

| = (0.8660)(0.0000) + (0.0000)(0.0000) + (0.5000)(1.000) = 0.5000

J = (0.0000)(0.0000) + (1.0000)(0.0000) + (0.0000)(1.000) = 0.0000
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K = (-0.5000)(0.0000) + (0.0000)(0.0000) + (0.8660)(1.000) = 0.8660

The transform of the hole center from common space coordinates (7.7500, 2.500, 2.8660) to local
coordinates uses formula set (3):

x = (0.8660)(7.7500-5.5179) + (0.0000)(2.5000-0.5000) + (-0.5000)(2.8660-3.0000) = 2.0000
y = (0.0000)(7.7500-5.5179) + (1.0000)(2.5000-0.5000) + (0.0000)(2.8660-3.0000) = 2.0000

z = (0.5000)(7.7500-5.5179) + (0.0000)(2.5000-0.5000) + (0.8660)(2.8660-3.0000) = 1.0000

And the [transform of the hole axis vector from common space coordinates (0.5000, 0.0000;,p.8660)
to local ¢oordinates uses formula set (4):

i = (0.8660)(0.5000) + (0.0000)(0.0000) + (-0.5000)(0.8660) = 0.0000
j = (0.0000)(0.5000) + (1.0000)(0.0000) + (0.0000)(0.8660) = 0.0000
k = (0.5000)(0.5000) + (0.0000)(0.0000) + (0.8660)(0.8660) = 1.0000

5.16.3 [Transforms
The CogrdinateSystemCoreType provides the minimum mathematical description for a coprdinate
transforation. The TransformMatrixType is derived from the.CoordinateSystemCoreType
adding the ability to define the units, accuracy, etc. of the origin point.

The TrapsforminstanceType is derived from the TransformMatrixType and so contains the 4x3
transforfnation matrix information but in addition has’an id attribute, and Name and Attributes
elementp.

The id dttribute allows the transform to be.feferenced and therefore allows a single transformation
matrix t@ be shared by several objects.

The optipnal Name and Attributesyelements allow for the transform to be identified, have arpitrary
informatjon and data added.

5.16.4 |Coordinate system’s
The CogrdinateSystemType defines a coordinate axis system on a measurement device. A
coordingte system.on. a measurement device typically involves aligning measured features qn a real
part to their nominal counterparts either using a holding fixture that physically interfaces withl the

measurgd alignment features, or by measuring the alignment features and performing the aljgnment
mathempgtics:in software.

In addition to aligning measured features to their nominal counterparts a coordinate system on a
measurement device establishes a coordinate axis system and coordinate origin associated with the
alignment. This results in two transformation matrices: one which defines the axis system on the
nominal part with respect to the common space, and one which defines the axis system on the
actual part with respect to the common space. The nominal and actual transformation matrices are
stored in separate types to allow for multiple actual part measurements to share the same nominal
transformation information.
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A single coordinate system can coincide with the coordinate space of the root component. This
coordinate system can be identified with the optional CommonCoordinateSystemld element of the
CoordinateSystemListType.

5.16.4.1  Nominal and actual transforms

The CoordinateSystemType has an optional element, NominalTransform and the
CoordinateSystemActualTransformType has an element ActualTransform both of
TransformMatrixType, which hold the nominal and actual versions of the transformation matrix.
The actual transform is stored separately on a per measurement results basis and is associated
with the corresponding nominal coordinate system by id.

The meaning of and differences between these two transformation matrices is perhaps-est
illustratgd by example.

The example in Figure 24 shows two Cartesian axis systems. In the context of QIE, if these two axis
systemg are established by aligning to measured features, they can become coordinate sysiems.

The coordinate system labelled “common” is established by a set of actual-part features and
coincides with the root component space. Both the nominal and actual‘transformation matriges for
this coofdinate system will be the identity rotation matrix with a (0, 8, O) origin offset:

<CoofrdinateSystem id="87">
<NpminalTransform>

Rotation>

<XDirection>1 0 0</XDirection¥
<YDirection>0 1 0</YDirection>
<ZDirection>0 0 1</ZDirectwzon>

/Rotation>

Origin>0 0 0</Origin>
</NominalTransform>

</CoprdinateSystem>

<Trahsform>
<AkctualTransform>
Rotation>
<XDireckion>1 0 0</XDirection>
<YDireegtion>0 1 0</YDirection>
<zZDikection>0 0 1</ZDirection>
/Ratation>
Origin>0 0 0</Origin>
</Bc&fualTransform>
<CoordinateSystemId>87</CoordinateSystemId>
</Transform>

or equivalently (using the ability to omit the optional Rotation element if there is no rotation, and
omit the optional Origin element if there is no origin offset):

<CoordinateSystem id="87">
<NominalTransform/>

</CoordinateSystem>
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<Transform>
<ActualTransform/>
<CoordinateSystemId>87</CoordinateSystemId>
</Transform>

If the coordinate system labelled “local” is established by a different set of measured features than
those used to establish the coordinate system labelled “common” then (unless the actual part is a
perfect representation of the nominal part) the actual transformation will not exactly match the
nominal transformation:

<CoopdimrateSystem Ta=“&88*“

<NpminalTransform>
Rotation>

<XDirection>0.866025 0 -0.5</XDirection>
<YDirection>0 1 0</YDirection>
<ZDirection>0.5 0 0.866025</ZDirection>
/Rotation>
Origin>5.517949 0.5 3</Origin>
</NominalTransform>

</CoprdinateSystem>

<Trpnsform>
<ActualTransform>
Rotation>
<XDirection>0.867865 0.009721 -0.496705</XDirection>
<YDirection>-0.009058 0.999952,0.003743</YDirection>
<ZDirection>0.496717 0.00125% '0.867912</ZDirection>
/Rotation>
Origin>5.517937 0.499941 2-999991</0rigin>
</BActualTransform>
<CpordinateSystemId>88</CoordinateSystemId>
</Trinsform>

5.16.4.2l  Alignment operatiens
A coordinate system on a measurement device is established using nominal and measured features
by performing a set of alignment operations. This set is represented in the CoordinateSystemType
by the AlignmentOperations element, which is of AlignmentOperationsType. The
AlignmentOperationsType is a list of AlignmentOperation elements, each of which is nominally
of AlignmentQperationBaseType. However, the AlignmentOperation element is the head of a
substitution<group of elements (described in the following subclause) that are of more specif|c types
of alignment operation. Elements that are members of the substitution group must be used instead
of AlignmentOperation elements. All of the more specific alignment operation types derive from
the AlignmentOperationBaseType which has the required element SequenceNumber used to
order alignment operations.

Any number of alignment operations can exist in a coordinate system. Only the transformation
matrices (nominal and actual) of the accumulated effect of all alignment operations is stored on the
coordinate system. If the transformation matrix information is required for the individual steps in a
real alignment process, then a QIF coordinate system instance must be generated for each step.

5.16.4.2.1 Alignment operation types
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The PrimaryAlignment element (which is of PrimaryAlignmentOperationType) is used to
describe an alignment operation where a coordinate axis is made to align exactly with an alignment
feature normal or axis.

The SecondaryAlignment element (which is of SecondaryAlignmentOperationType) is used to
describe an alignment operation where a coordinate axis is made to align with an alignment feature
normal or axis as exactly as possible with the constraint that a previously defined primary axis
remains unchanged. In best practice the feature normal or axis of the secondary alignment feature
is often nominally orthogonal to the primary axis but need not be so as long as it is not parallel to
the primary axis.

The ActualOffset element (which is of ActualOffsetAlignmentOperationType) is used to flescribe
the estaplishment of coordinate origins based on the location of alignment features,

The NoininalOffset element (which is of NominalOffsetAlignmentOperationfype) is used to
describg the offset of a coordinate origin by a nominal numerical value.

The NominalRotation element (which is of NominalRotationAlignmentOperationType) i used to
describg the rotation about a specified axis by a nominal numerical angle.

The DatumPrecedence element (which is of DatumPrecedenceAlignmentOperationTypa) is
used to fdescribe an alignment based on datum precedence and degrees-of-freedom rule.

The BegtFitAlignment element (which is of BestFitAlignmentOperationType) is used to describe
a best-fif alignment from a set of alignment features.

The Maghine element (which is of MachineCogordinateSystemOperationType) is used to flescribe
a switch|to the integral coordinate system of a measurement device.

5.16.5 |CAD coordinate systems

The CADPCoordinateSystemType which has a CoordinateSystemCore element of type
CoordinateSystemCoreType is(used to define a coordinate system graphical element in a model
based dgfinition. These coordinate systems can have graphical representations and may befused
for user finterface purposes-transforming between local and CAD global coordinates and to define
sketch planes.

A CAD ¢oordinate system may be associated with a PMI coordinate system by populating the
InternallCADCoordinateSystemld element of the CoordinateSystemType with the id of ar
instancg of CADCoordinateSystemType. A similar link to a coordinate system defined in a|CAD
file usingP a-non-QIF format can be established by using the External CADCoordinateSystemnid

element.

5.16.6 Coordinate system lists

Coordinate systems representing alignments for metrology purposes are collected as a list of
CoordinateSystem elements (of type CoordinateSystemType) in the
CoordinateSystemListType. It is this type that also contains the CommonCoordinateSystemId
element which identities the single coordinate system which matches the root component
coordinate system equivalent to the CAD global coordinate system.

The actual transforms associated with these coordinate systems are collected as a list of
Transform elements (of type CoordinateSystemActualTransformType) in the
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CoordinateSystemsActualTransformsType. Each MeasurementResults element has a sub-
element CoordinateSystemsActualTransforms (of type
CoordinateSystemsActualTransformsType) which holds the actual transform list; the results of a
single product measurement.

CAD coordinate systems representing CAD user interface coordinate system graphical elements
are collected as a list of CoordinateSystem elements (of type CADCoordinateSystemType) in the
CoordinateSystemSetType.

5.17 Feature control frames
A featurg control frame like [4[g.05@ [ A[B® [ c @ | typically consists of several components;| the
characteristic type defined by the GD&T symbol [4 ]; the tolerance zone size with zon€. shape,
material{condition and other modifiers [@.05® [; and a datum reference frame consistirg of gatum
labels wjth material condition or material boundary modifiers TaA[s@[c®@ | Feature-control flames
for form|tolerances do not include a datum reference frame. The meaning of the-feature confrol

frame can be further refined using other symbols, notes or leader line maodifiers like &

5.17.1 |Geometric tolerance characteristic types

The GDg&T symbol contained in the leftmost box of the feature control frame of a geometric
tolerance defines which QIF types are to be used to describe the characteristic. The defined|types
follow; ¥XX in a type name represents Definition, Nominal, Measurement, or Item,

Form characteristics:

[[©O] CircularityCharacteristicXXXType

[l&/] CylindricityCharacteristicXXXType

[[z] FlatnessCharacteristicXXXType

[=] StraightnessCharaeteristicXXXType

Locatior characteristics:

[[©] Coaxiality€haracteristicXXXType (ISO specific)
[[©] CongentricityCharacteristicXXXType

[l] < PRositionCharacteristicXXXType

[IE]_ SymmetryCharacteristicXXXType

Orientation characteristics:
AngularityCharacteristicXXXType
ParallelismCharacteristicXXXType
PerpendicularityCharacteristicXXXType

Profile charactertistics:

LineProfileCharacteristicXXXType
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SurfaceProfileCharacteristicXXXType

CircularRunoutCharacteristicXXXType

TotalRunoutCharacteristicXXXType

In addition there is a PointProfileCharacteristicXXXType to implement a vector tolerance at a

difier

SiX

single measured point. Several point profile characteristics can be placed in a characteristie
grouping to be evaluated simultaneously.
5.17.2 [Tolerance zone size
The sizg of the tolerance zone is defined in the definition base type for all geometric tolerange
charactaristics: GeometricCharacteristicDefinitionBaseType.
Depending on the characteristic type, the size of the tolerance zone may‘be subject to a borjus
tolerance. This is indicated in the feature control frame by the use of a-material condition mo
symbol yhich indicates the material condition at which the tolerance zone applies. When a
particulgr characteristic type allows for the use of a material condition modifier, the required
Materia|Condition element must be used. The MaterialCondition element can have one o
values:
REGARDLESS (Y14,5 1983 specific) when the ® symbol appears after the
tolerance (RFS)
LEAST when the ©-symbol appears after the tolerance (LMC)
MAXIMUM when the @ symbol appears after the tolerance (MMC)
LEAST| RPR (IS0 specific) when the © symbol appears after the
tolerance followed by the reciprocity requirement symbol ®
MAXIMUM_RPR (ISO specific) when the @ symbol appears after the
tolerance followed by the reciprocity requirement symbol ®
NONE when no material condition modifier symbol appears after
the tolerance

Table 3 — Material Condition Values

In the case of orientation characteristics, the amount of bonus applied to the tolerance zone may be
limited by defining the maximum tolerance size in the feature control frame. For example the size of
the perpendicularity tolerance zone in|[_| [@g.os@][@.075mAXx [ A]is limited to .075 regardless of the
available bonus. In QIF the optional MaximumToleranceValue is used to indicate the maximum
size of an orientation characteristic tolerance zone.

A tolerance zone which varies in size must use the optional ZoneLimit element to define the limiting

points for the variable tolerance zone. The tolerance zone starts with a value of ToleranceValue at

the FromPoint and changes linearly in size to the value of ToPointToleranceValue at the ToPoint.
© IS0 2020 - All rights reserved
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5.17.3 Zone shape
The shape of the tolerance zone is defined by symbols preceding the tolerance zone size in the
feature control frame. These fall into three broad categories:

.| B.05.. Diametrical (cylindrical)

_[s@.o5.. Spherical

| .05.. Non-diametrical

The origntation of a tolerance zone implied by the orientation of the feature to which a featune
control frame is applied, or by the placement of a feature control frameon a drawing, or by g
combingtion of the two, can be explicitly defined by the optional ZofieOrientationVector elgment.

The appllication of a position characteristic diametrical zone to ah elongated feature like the found
ends of p slot is indicated with the optional ElongatedZone element.

The application of a position characteristic non-diametrical zone to the boundary of a featurq by use
of a BOUNDARY note on the feature control frame is:indicated with the optional BoundaryZgne
element

A positign characteristic diametrical or non-diametrical zone may apply either to a three-dimgnsional
feature ¢r to a two-dimensional feature (a,;planar section of a real three-dimensional feature). The
dimensipnality of the zone is defined by the optional Dimensionality element. A spherical zpne is
always three dimensional; so when used on a spherical zone the value of the Dimensionality
elementlis fixed.

5.17.4 |Zone extents
The extents of the tolerance zone in a feature control frame are naturally defined by the extgnts of
the featyre to which‘the feature control frame applies. This default behavior can be modified|in the
following ways: Using a projected tolerance zone, defining the upper disposition of the tolerahce
zone, uging chain lines on a drawing to define the extents of the tolerance zone, using a note like
A-—B arld-point identifiers on the drawing, using other standard notes, or using a leader line modifier
like &.

The use of a projected tolerance zone indicated by the ® symbol in a feature control frame, is
defined by the optional ProjectedToleranceZone element. Regardless of whether the length of the
projected tolerance zone is defined numerically in the feature control frame or as a dimension on
the drawing, the ProjectedToleranceZone element defines the length of the projected tolerance
zone.

A profile characteristic tolerance zone is by default centered on the nominal feature to which it is
applied. This behavior may be modified by chain lines on the drawing or by using the upper
disposition symbol @ in the feature control frame. Both these methods are defined by the optional
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OuterDisposition element which defines the size of the tolerance zone outside the material which
can vary from zero to the whole tolerance zone.

Zone limits defined by chain lines or by identified points used in notes like A-—B are both
implemented in QIF with the optional ZoneLimit element. This element contains two sub-elements:
FromPoint and ToPoint which together define the extents of the tolerance zone. The plane in
which the zone limits are defined is given by the NormalDirection element which is the vector
normal to the drawing view. Any ambiguity about the path to follow between the from-point and to-
point around the part is removed by the StartDirection element. When the from-point and to-point
are identified by labels on a drawing for use in a aA-—-g style note the optional Name sub-element on
the FromPoint and ToPoint elements is used.

Standarf feature control frame notes or leader line modifiers which control the zone.extents [are
handled|by various optional elements in QIF:

EACH ELEMENT EachElement element

EACH RADIAL ELEMENT EachRadialElement element

ALL AROUND OF o ExtentType element with ExtentEnum sub-element set|to

ALLAROUND ALLAROUND

ALL QVER ExtentType element with ExtentEnum sub-element set|to
ALLOVER

ALLONMER

5.17.5 [Other zone modifiers
Other toJerance zone modifiers defined(®y GD&T symbols are shown below with their corregponding
optional|QIF element:

(sT) stptistical tolerance StatisticalCharacteristic

® fre¢ state FreeState

5.17.6 [Datum reference frames
The dat i i
geometric tolerance characteristic types except for form characteristics. Because the same datum
reference frame may be found in several feature control frames, a datum reference frame is
instantiated from the DatumReferenceFrameType with a QIF id, placed in the
DatumReferenceFrames element, and referenced by the feature control frame via its QIF id.

The datum reference frame which the DatumReferenceFrameld element references contains a
hierarchy of information to define datum labels, material condition or boundary modifiers and datum
precedence. In cases where a non-form geometric tolerance characteristic has no datum reference
frame, the DatumReferenceFrameld element must still be present but the datum reference frame it
references will be empty.
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5.17.6.1  Datum definitions

A datum definition defines a datum label and optionally associates it with datum targets or feature
items. Because datum definitions can be shared among several datum reference frames or used in
coordinate systems they are instantiated from the DatumDefinitionType with a QIF id, placed in
the DatumDefinitions element, and referenced by their ids.

The datum label is defined by the DatumLabel element. This is typically meant to be a single datum
identifier like used to identify a datum feature on a part. Compound datums like that use
two or more datum identifiers are only found in feature control frames and are handled in QIF with
the Com pnllndh:\hlmT\J/pn In pr:\r‘fir‘n1 a r\nmpnlmd datum may be handledwith- the
GroupFeatureXXXType or as a constructed feature, in which case a datum label like a.8\may be
assignedl to the compound feature.

The optipnal FeatureNominallds element is used to reference the feature or featires which
comprisg the datum. The optional DatumTargetlds element is used to reference the datum target
or targets associated with the datum.

5.17.6.2) Datum with precedence

The DatumWithPrecedenceType is the mechanism by which a datum reference frame is
composgd of datums. Each framed box in a datum reference frame corresponds to a Datunmn
element|of type DatumWithPrecedenceType.

The DatumWithPrecedenceType has the required Precedence element which is used to grder
datums,|simple or compound, or datum features into @ datum reference frame. The first datym in a
datum rg¢ference frame will use the PrecedenceEnum element with a value set to PRIMARY, the
second gatum will used SECONDARY, the thirda TERTIARY, etc.

If a simgle datum like [ A |is used, then the.SimpleDatum element of DatumType is chosen which
referendes the QIF id of a datum definition with the DatumDefinitionld element. The
Materia|Modifier element is used tovapply a material condition or material boundary modifier to the
datum. And the ReferencedComponent defines whether it is the measured or nominal component
of the datum feature associated with the datum that is used.

For a cgmpound datum like -8 ]the CompoundDatum element of CompoundDatumTypg is
chosen.|The CompodndDatumType has two or more Datum elements of SequencedDatumType
which alle used to_@rder simple datums of type DatumType.

The DatumWithPrecedenceType also supports a datum feature without a datum definition @and
thereforg¢ no‘datum label. Such a construct will never be seen in a feature control frame. It is

includedmQtFtoandte BMtSand other tanguages whichattow areference directly toadatum

feature. For example, in DMIS:

T(PERP1)=TOL/PERP,0.05,FA(PLANE1)
As opposed to:
DATDEF/DAT(A),FA(PLANE1)

T(PERP1)=TOL/PERP,0.05,DAT(A)
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When using a feature measurement as a datum feature, the MeasuredDatumFeature element is
chosen. When using a feature nominal as a datum feature the NominalDatumFeature element is
chosen. Both reference the QIF id of a feature item but only the MeasuredDatumFeature allows for
a material condition modifier.

5.17.6.3  Datum reference frame type
The DatumReferenceFrameType can have zero to five Datum elements of type
DatumWithPrecedenceType.

The case where zero Datum elements are present corresponds to a feature control frame with no
datum r¢ference frame, like [ ]o0.5|

The DatumReferenceFrameType can optionally reference a coordinate system withcthe
CoordinateSystemld element. The coordinate system referenced by its QIF id can leptionally
contain hominal and actual transformations. These are not to be confused with.the
DRFTrahsformActualld which is a reference to a transform which represents ithe change in the
actual cpordinate system associated with a mobile datum reference frame.

5.18 QIF handling of units

5.18.1 [Introduction
The QIH design seeks to handle units simply and unambiguously in instance files, especially| to
allow quantities to appear without explicit units specified for each value. QIF uses a scheme|where
primary |and alternate units are specified once in an instance file. Quantities using the primary units
can occyrr in instance files without an explicit attribute*giving the name of the unit. Alternate yinits
can be assigned to individual quantities by including an attribute giving the name of the unit.|All unit
names must be unique for a given unit type.

Primary|and alternate units are specified in'a QIF instance file by using the FileUnits element of the
QIFDocumentType. The FileUnits element is defined in Units.xsd. The FileUnits element specifies
an optiopal primary unit for each ofithe unit types used in the instance file, and optional alterpate
units. If any quantity of a given ‘unit type appears with a unit name in an instance file, the
corresponding unit type must.appear in the PrimaryUnits or the OtherUnits of the FileUnit
Commop XML file checkers will signal an error if this rule is violated.

\"ZJ

For exaifnple, an instance file might give the diameter of a circle feature as follows:

<Diamgter>7.5</Diameter>

If the LilpearUnit in the PrimaryUnits is millimeter, the line above would mean that the diameter is
7.5 millimeters. This association occurs because the Diameter element is of LinearValueType in
the schema.

The specific unit types and values defined in QIF are:
e linear (i.e. distances)

angular

area

temperature

time

speed

mass
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e force
e pressure

In addition, there is UserDefinedUnitsType and corresponding UserDefinedUnitValueType.

The default unit for all unit types is the Sl unit (meter, radian, kelvin, etc.). If it is desired to have a
primary unit type not be a Sl unit, a UnitConversion element should be included in the declaration
of the primary unit. The UnitConversion element gives an Offset and a multiplication Factor that
may be used to convert values of the primary unit type to values in terms of S| units.

fauserwar 0 USE the mittimeter as the_primary
length uhit in an instance file, the user puts the following lines into the FileUnits portion of the
instancy file:

<PrimaryUnits>
<I}inearUnit>
<SIUnitName>meter</SIUnitName>
<UnitName>millimeter</UnitName>
<UnitConversion>
<Factor>0.001</Factor>
<Offset>0</0Offset>
</UnitConversion>
</ALinearUnit>

</PgimaryUnits>

In the FilleUnits portion of the instance file, whérever a unit is declared, the name of the Sl ynit may
be giver regardless of whether it is the primary unit or not. If the UnitConversion is not inclided in
the instgnce file, the UnitName just serves as an alias for the Sl unit. For example if the unit type is
LinearUnit, the SIUnitName must be meter if it is used, but the UnitName might be meter gr m, or
anything else the user likes. If the"UnitConversion is included in the instance file, naming the SI
unit makes it clear what units result from applying the conversion. The conversion is always
accomplished using the equation:

S| = ((X plus Offset)dimes Factor)

where Sl is the value in Sl units, and X is the value in declared units.

5.18.2 [PMt units
The PrignanyUnits may also designate a PMILinearUnit, PMIAngularUnit, and PMIAreaUnit. For

example:

<PrimaryUnits>
<LinearUnit>
<SIUnitName>meter</SIUnitName>
<UnitName>millimeter</UnitName>
<UnitConversion>
<Factor>0.001</Factor>
<Offset>0</0Offset>
</UnitConversion>
</LinearUnit>
<PMILinearUnit>
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<SIUnitName>meter</SIUnitName>
<UnitName>inch</UnitName>
<UnitConversion>
<Factor>0.0254</Factor>
<Offset>0</0Offset>
</UnitConversion>

- 2018

</PMILinearUnit>
</PrimaryUnits>
If a PMILinearUnit is included in the PrimaryUnits, it applies in (only) the following portjgns| of an
instancq file, regardless of whether a LinearUnit is included in the PrimaryUnits (angd 'similarly for
angular unit and area unit).
1. all of the QIFDocument/Characteristics portion of an instance file.
2. all CharacteristicMeasurements elements in the QIFDocument/Results, portion of an instance
file.
3. all elgments of AbsoluteLimitsByUnitType or CriteriaByUnitTypekin‘the
QIFDocument/Statistics/StatisticalStudiesPlans portion of an instance file.
5.18.3 |Default units
If a PMILinearUnit is not included in the PrimaryUnits, but a:linearUnit is included, the
LinearUnit applies by default everywhere in an instance file*(and similarly for angular unit and area
unit).
If a LindarUnit is not included in the PrimaryUnitsgthe Sl unit (meter in the case of linear uhit)
applies by default everywhere in an instance file that is not covered by a PMILinearUnit that is
included in the PrimaryUnits (and similarly for:all other unit types).
5.18.4 [Other units
The FildUnits element also includes an OtherUnits sub-element for specifying alternate units. For
examplg, a LinearUnit named inchicould be defined in the OtherUnits element as follows:
<OtHerUnits>
<IinearUnit>
<SIUnitName>meter</SIUnitName>
<UnitName>ingh</UnitName>
<UnitCon¥ersion>
<Factor>0.0254</Factor>
<Qffset>0</0Offset>
</UnitConversion>
< AMLifheaxrUnit
</OtherUnits>

If a quantity in an instance file is represented using an alternate unit, the name of the unit type must
be given. If the definition for inch just given is used in an instance file, a diameter of 5 inches in an
instance file would be expressed as follows:

<Diameter linearUnit="inch”>5</Diameter>

©IS
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5.19 Modeling slots in QIF

5.19.1 Introduction

The QIF library contains four feature types, opposite parallel lines feature defined by the
OppositeParallelLinesFeatureXXXType, opposite angled lines feature defined by the
OppositeAngledLinesFeatureXXXType, opposite parallel planes feature defined by the
OppositeParallelPlanesFeatureXXXType, and angled opposite planes feature defined by the
OppositeAngledPlanesFeatureXXXType, which are designed to accommodate a variety of real
features commonly referred to as slots, grooves, ribs, webs or blocks. These features have the
following€ e+ AROH: i ' i v center-
nter-plane about which two straight or flat sides are symmetrically opposed (the usg of
compleX draft on an opposite planes feature may affect strict symmetry). Collectively these fpur

Xl o O O O A et Cl Cl ctco O

If the sides of a real feature are not flat, then the extruded cross section feature -defined by tihe
dCrossSectionFeatureXXXType would be a more appropriate QIF)feature for
representing the real feature. The opposite lines feature might still be a suitable representatipn of a
planar section of such a feature provided the criterion of symmetrically Opposed straight sides is

met.

The relationship between the opposite lines features and the-gpposite planes features is mugh like
the relatjonship between a circle and a cylinder: the opposite lines features are a two-dimensional
planar sgection of a real feature and the opposite planes features are a three-dimensional
represenmtation of a real feature.

The relationship between the angled planes feature and parallel planes feature is much like the

relationghip between a cone and a cylinderx,The former is not a feature of size and the latter|is not.
A cone nay be sectioned by a plane preducing a circle which is a feature of size. Similarly an
angled planes feature, which is not a feature of size, can be sectioned by a suitably oriented| plane
to produce a parallel lines feature-which is a feature of size.

5.19.2 [Internal and external
An oppdsite sides feature can be either internal or external as indicated by the value of the rpquired
InternalExternal element? An internal feature is one defined by the removal of material from the
bulk of g part. The center-line/plane of the feature will typically be in open space with the sufface
normal yectors of-the opposite sides pointing generally in the direction of the center-line/plane.
These real features are commonly referred to as slots or grooves. Conversely, an external feature is

one defined\by the bulk of a part. The center-line/plane of the feature will typically be inside the
material&LM&MMmm&WW&ﬂ&Mmmme the

direction away from the center-line/plane. These real features are commonly referred to as ribs,
webs or blocks.

5.19.3 Location and size

The location and orientation of an opposite lines feature is defined by the center-line represented by
a center-point and the axis unit vector defined by the StartPoint and Vector elements respectively
of the required CenterLine element, and a unit vector representing the normal of the plane in which
the feature lies defined by the required Normal element. The size of the opposite lines feature is
given by the required Width element which applies in a direction perpendicular to the center-line
axis in the plane of the feature. In the case of an angled lines feature the width is specified at the
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location of the start point. The feature may also have a length defined by the optional Length
element which applies in the direction of the center-line axis.

Normal

\ CenterlLing

Figure 25 — An opposite parallel lines featurewith round closed ends

Figure 25 shows the relationship between the CenterLine element which defines both the Igcation
and the prientation of the axis of the round-ended slot; and the Normal element which defings the

plane injwhich the feature lies.

The location and orientation of an opposite planes feature is defined by the center-plane deffjned by
a centertpoint and the center-plane’s normal unit vector given by the Point and Normal elements of

the required CenterPlane element. The Size of the opposite planes feature is defined by the

required Width element which applies in the direction along the center-plane normal vector.|In the
case of an angled planes feature the width is specified at the location of the point defined in the
center plane. The feature may)also have a length defined by the optional Length element which
applies in the direction of the co-requisite LengthVector element. Furthermore, the feature may

have a depth defined by,the optional Depth element which applies in the direction of the co-

requisitg DepthVectarelement.
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Normal

Foimt

which de¢fine the orientation of the main sides of a flat-ended.slot. In order to define the orier

Figure }6 shows the relationship of the CenterPlane element with sub-elements Point and N
of the ends of the slot, the optional LengthVector elemefnt must be specified (not shown in

26). The

For both
material

line vector or along the length vector in thecenter-plane. The length is not between radius c

when a
the dist3
placing
feature.

5.19.4
The opp
element
SlotEnd

CenterH

Figure 26 — An opposite parallel planes feature with flat closed ends

LengthVector element would have the same orientation as the CenterLine in Figu

opposite lines and opposite planes features with closed ends the length is from the
boundary at one end to the material boundary at the other end measured along the

eature has rounded ends. When a feature has one or two open ends then the lengt
nce to a virtual material boundary equivalent to the real material boundary created |
h flat block over the openiend, or it can be an indication of the measureable region o
In all cases the length is'symmetrically disposed about the center-point of the featur

End types

EndTypeprovides a choice between (1) one of the enumerated values of the
Enum element (ROUND, FLAT, OPEN or UNDEFINED), and (2) a user-defined stri

the Oth¢

UNDEF‘

NED enumerated end-type is used. If the end-type is known but not covered by any

osite sides feature types also have an end-type as defined by the required EndType

brSlotEnd element. If the end-type of the opposite sides feature is unknown then the

lormal
tation
Figure
re 25.

center-
bnters

h can be
y

f the

E.

ng in

D

of the

enumerated end-types, then a string IS used to describe the end-type.

Figure 25 and Figure 26 show examples of the ROUND and FLAT end types respectively. Figure 29
below shows an example of the OPEN end type (upper right).

The shape of the ends of a ROUND and FLAT opposite sides feature can be further modified by
using the optional EndRadius1 and EndRadius2 elements which apply in the directions against
and along the center-line axis/length vector respectively. The default condition for round-ended
features is to have a circular end tangent to both sides (the actual ends may be described by
circular arcs for opposite lines or by cylindrical or conical segments for opposite planes but in a
cross-section at any depth the circular ends will be tangent to both sides). By using the end radii
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elements, circular cross-section ends that are not tangent to the sides can be specified. The size of
the end is given by the EndRadius element which must be larger than the radius of a tangent end.
Whether the end expands beyond the width like a dumbbell shape or not is given by the value of the
optional Expanded element.

FndRadiusT
Expomdedf@;j\
\ CenterlLine

EndRadiusZ
Expanded¥irue

Figure 27 — A slot with non-tahgent round ends

Figure 27 shows a round-ended slot with non-tangent ends. The relationship between the ends
modifieq by the EndRadius1 and EndRadius2-elements and the LengthVector or Centerl{ine
elementg is shown. In the example the values of the two end radii are equal, but one is expanded
and the pther is not. The center of the slof'is midway between the extremes of the slots in the axis
directior], and not at the midpoint of the' centers of the circular ends.

For flat ¢nded opposite sides features the end radii can be used to apply a fillet radius to an
otherwide flat end. The end radius must be small enough to leave a portion of the flat end.

© IS0 2020 - All rights reserved 97


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

IS0 23952:2020(E)
QIF 3.0 ANSI/DMSC QIF 3.0 - 2018

FndRadius

terLine or
ector

\\ﬁxf

FndRadius”

Figure 28 — A flat-ended slot with rounded corners

Figure 28 shows a flat-ended slot with rounded corners. In the eéxample the two end radii values are
equal (and both must be smaller than half the width of the slet).

An oppdsite sides feature may have one closed end and-one open end. The presence of a gingle
open end is indicated by the optional SingleOpenEnd element. In the case of an opposite lines
feature the center-line axis must point towards the.open end, and for the opposite planes feature the
co-requisite LengthVector element points toward the open end.

-

Figure 29 — Opposite planes features with open ends

/

Figure 29 shows two slots with open ends. The lower left slot would have end type ROUND and use
the optional SingleOpenEnd element. The arrow shows the direction of the LengthVector element
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towards the open end. The upper right slot would have end type OPEN because both ends of the
slot are open.

5.19.5 Bottom types
The opposite planes features can also define a bottom type with the optional Bottom element. That
element provides a choice between (1) one of the enumerated values of the BottomEnum element
and (2) a user-defined string in the OtherBottom element. The bottom enum values are BLIND,
THROUGH, and UNDEFINED. If the bottom-type of the opposite planes feature is unknown then
the BottomEnum element is used with the value UNDEFINED. If the bottom-type is known but not
covered by any of the enumerated bottom-types, then the OtherBottom element is used with a
string value that describes the bottom-type.

The slot|in the lower left of Figure 29 is an example of the THROUGH bottom type; theslot in the
upper right is an example of the BLIND bottom type.

5.19.6 [Taper
If an opposite sides feature is tapered then it is represented by one of thezangled sides featyres.
The TaperAngle element is populated with a non-zero value and the width of the opposite sjdes
feature ¢hanges along the center-line vector/length vector. The sign,ofthe taper angle defings
whether|the feature gets larger in the direction of the vector (positive) or gets smaller in the direction
of the vgctor (negative).

Centerl
LengtQVector

N

TaperAngle
<

Figure 30 — A tapered slot (opposite angled lines)

Figure 30 shows the relationship between the taper angle and the center line or length vector of a
tapered slot. The example shows a slot with a ROUND end type. The center of the slot is midway
between the extremes of the slots in the axis direction, and not at the midpoint of the centers of the
circular ends.

5.19.7 Draft
The opposite angled planes feature instead of a taper angle may have a draft angle defined by the
optional DraftAngle element. A positive draft angle means the feature will open up (get larger) in
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the direction defined by the co-requisite DepthVector element or the co-requisite DraftVector
element, a negative draft angle means the feature will close up (get smaller). When an opposite
planes feature is drafted the width and length apply at the center-point. The DraftVector element
overrides the DepthVector element when the draft vector is not perpendicular to the length vector,
the axis vector, or both.

DraftAngle

Figure 31 — A slot with draft (opposite angled plane feature)
Figure 31 shows the relationship between the“draft angle and the center plane of a slot with draft.

5.19.8 |Feature measurement
The abgve descriptions of required, gptional and co-requisite data were particular to nomina|
oppositqg sides features. All data elements for measured features are optional to handle different use
cases.

In additipn to measured elements which correspond directly with nominal elements like meagsured
width ard length correspending with nominal width and length respectively, there are measured
data elements for minimum and maximum of size values.

5.20 Modeling cones and conical segments in QIF

5.20.1 |Intpoduction
The QIF library contains two feature types, cone feature defined by the ConeFeatureXXXType and
conical segment feature defined by the ConicalSegmentFeatureXXXType, for defining features
with a single, conical surface. The cone feature is meant to describe a feature of size; a feature to
which a location characteristic may apply which in turn may acquire bonus from a material condition
modifier. The conical segment feature is meant to describe a feature which is not a feature of size; a
feature to which a profile characteristic or a radius characteristic at a given cross section may be
applied.

The elements necessary to describe these two feature types are the same with the exception that
the sweep extents for a cone feature are optional while for a conical segment they are required. In
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the case of a cone feature the optional Sweep element might be used to exclude a portion of the
conical surface to avoid a keyway. For a conical segment the required Sweep element defines the
extent of the feature which may be the corner of a rounded pocket with draft.

5.20.2 Location, orientation and angle
The minimum information necessary to define the conical surface is its location, orientation and
angle. Rather than forcing the location for the cone to be its vertex, the location of cone can be
defined anywhere along its axis at a specified diameter. The reason for this is twofold. If the angle of
a cone is very small so that the cone is almost cylindrical, the vertex is unstable with respect to
small chan in angle. This instabilit n be remov fining the location at a diameter rather
than at the vertex. The feature to which a cone substitute feature fitting algorithm is to be.applied
may in fact nominally be a cylinder in which case the location of the vertex is indeterminate.

The locgting point for a cone or conical segment is defined by the AxisPoint sub-element of the
Axis elgment. The orientation of the cone or conical segment is defined by the'Birection sup-
element|of the Axis element. The cone’s axis direction defined by the Direetion sub-element
always points towards the widening end of the cone The Diameter elemént’is the diameter ¢f the
cone in fa plane perpendicular to the direction vector at the axis point. The cone or conical sggment
can be defined by either its full included angle (the angle between @pposite sides) or its half @ngle
(the angle between a side and its central axis) by choosing between the FullAngle or HalfApngle
element|respectively.

Diameser

S HalfAngle
/9

Figure 32 — An unbounded cone located at a reference diameter and defined by its half angle

Figure 32 shows a cone with its location defined at a diameter and with its half angle. This cone
definition is stable at small angles and handles the degenerate case of a cylinder.

© IS0 2020 - All rights reserved 101


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF 3.0

ANSI/DMSC QIF 3.0 - 2018

Diameter=0

Figure 3
definitio

5.20.3

The sim
extents
its axis (
These d
If the en
isinad

If both the optional LargeEndDistance and SmallEndDistance elements are given then the

is a con
optional
the cong

The effg

FullAngle

Figure 33 — An unbounded cone located at its vertex and/defined by its full angle

3 shows a cone with its location defined at its vertex and with its half angle. This cor
N is equivalent to that of many CMM systems including DMIS.

Linear extents

ble definitions illustrated in Figure 32 and Figure 33 show unbounded cones with un
n the direction away from the vertex. Thelinear extents of a cone or conical segmer
an be defined with the optional LargeEndDistance and SmallEndDistance eleme
stances can be positive or negative,depending on their relationship with the locating
d is along the axis vector from the'locating point then the distance will be positive. If
rection against the axis vecter from the locating point then the distance will be nega

cal frustum (or a segment of a frustum): a truncated cone without a pointed end. If th
LargeEndDistanee element is present but the SmallEndDistance element is miss
or conical segnient has a pointed end.

Figure

SmaIIEJAdDistance elements is shown in

ct of thedogating point on the sign and value of the LargeEndDistance and

e

defined
t along
nts.

point.
the end
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e
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7 Figure 35, Figure 36, and Figure 37. Not shown is the case where the diameter a

locating point is larger than either the small or large ends in which case both distances would be
negative. (In all diagrams the required full or half angle element is not shown.)
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Diameter

SrmallEndDistance(<0)

LargeEndDistance(>0) =~

Figure 34 — A bounded, truncated cone located at a reference diameter

Glhameter

Figure 35 — A bounded, truncated cone located at a virtual reference diameter
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Diameter

SmallEndDistance=0
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Figure 36 — A bounded, truncated cone located at its small end

\ Diameter

a h
=
LargebndDistance=0

SmpllEndDistqest(<0)

Figure 37 — A bounded, truncated cone located at its large end

Figure 38 and Figure 39 show the bounding of a cone defined with its locating point at its vertex.
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Diameter=0

Axis

LargebndDistance(>0) w

Figure 38 — A bounded pointed cone located_at its vertex

Diagmeter=@

SmallEngRLtance ™.

<>O> N\

LargfDhdDistance(>0)

Figure 39 — A bounded truncated cone located at its vertex

5.21 Modeling pattern features in QIF

Pattern features are used for applying position controls to a set of existing features having the same
shape. Pattern features are not like other QIF features. Pattern features have definition, nominal,
and item aspects, but there is no measurement aspect for pattern features. The
PatternFeatureltemBaseType is derived from the GroupFeatureltemBaseType. The derivation is
analogous for the definition and nominal aspects. The features in the pattern are identified by the
FeatureNominallds element inherited from the GroupFeatureNominalType. The locations of
these features must be very close to the locations specified by the pattern. All four pattern types
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have a FirstFeatureLocation element; which must be very close to the location of one of the
nominal features in the pattern — not necessarily the first one listed in the FeatureNominallds.

There are four specific derived types of pattern feature: linear, circle, circular arc, and parallelogram
(which subsumes rectangular patterns). These are described in the following four subclauses.

5.21.1 Circular pattern feature
Circular pattern features are shown in Figure 40 and Figure 41. The features are arranged with their
location points equally spaced in a circle. The PatternFeatureCircleDefinitionType includes
Diameter, FeatureDirection, and NumberOfFeatures elements. The FeatureDirection is a unit
vector glving the orientation of a vector characterizing the features in the pattern, for examplg, the
axis of g cylinder or the direction of an extrusion. The FeatureDirection is relative to accoorginate
system yhose Z axis is the normal to the plane of the circle and whose X axis is the.line from the
center of the circle to the feature being located. If this element is omitted, it meansthat all feptures
in the pattern have the same orientation relative to the current coordinate system or are not
orientabje. The PatternFeatureCircleNominalType provides the Center, Nermal, and
FirstFeatureLocation elements.

FirstFeaturelLocation

Figure 40 — PatternFeatureCircle with FeatureDirection omitted
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Figure 41 — PatternFeatureCircle-with FeatureDirection

5.21.2 |Circular arc pattern feature
A circulgr arc pattern feature is shown in-Figure 42. The Normal, Center, NumberOfFeaturgs,

FirstFeatureLocation, and FeatureDirection elements of circular arc pattern features havg the
same meaning as for circular patiern*features. However, a circular arc pattern has an ArcRadius
rather tHan a Diameter, and also,has an Incremental Arc giving the angle subtended by any two

adjacent features in the pattern. Looking in the direction opposite the Normal, the features gre

arrangedl counterclockwijse from the first feature if the IncrementalArc is positive (and clockwise if it

is negatfve).
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1 [
'1 Center ““““‘- FeatureDirection

T = -

FirstFeaturelLocation

Figure 42 — PatternFeatureCircularArc

5.21.3 |Linear pattern feature
A linear [pattern feature is shown in\Figure 43. The PatternFeatureLinearDefinitionType gijes the
LineDirgction, FeatureDirection, IncrementalDistance, and NumberOfFeatures elements. The
FirstFeatureLocation element’is in the PatternFeatureLinearNominalType. Unlike the cirgular
and circplar arc patterns;.the FeatureDirection is in the same coordinate system as the feafure.
The IncfementalDistance is the distance between adjacent features.

FeatureDirection

LineDirection

FirstFeaturelLocation }4

Incremental >{
Distance

Figure 43 — PatternFeatureLinear
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5.21.4 Parallelogram pattern feature

A parallelogram pattern feature is shown in Figure 44 with sample instance data. The
AlongRowDirection, IncrementalRowDistance, BetweenRowDirection,
RowSeparationDistance, FeatureDirection, NumberOfFeaturesPerRow, and NumberOfRows
elements are given in the PatternFeatureParallelogramDefinitionType. The
FirstFeatureLocation element is in the PatternFeatureParallelogramNominalType. If the
BetweenRowDirection is orthogonal to the AlongRowDirection, the pattern is rectangular (or
square).

4 S

Betwe¢énRowDirection

6

FeatureDirection

RowSeparationDistance

FirsgFeature
Lgcation 1

3

— 2>< AlongRowDirection
Incremental

RowDistance IncrementalRowDistance = 5.3
RowSeparationDistance = 3.2
AlongRowDirection = (1.0, 0.0, 0.0)
BetweenRowDirection = (0.6, 0.8, 0.0)
FeatureDirection = (0.0, 1.0, 0.0)
NumberOfFeaturesPerRow = 3
NumberOfRows = 2

Figure 44 —PatternFeatureParallelogram

odeling threads in QIF
Feature$ and characteristics often have elements that essentially define the same informatign. For

, a cylinder has a nominal Diameter element on the CylinderFeatureDefinitionTyge and a
diamete| characteristic has a nominal TargetValue via the
LineardharacteristicNominalBaseType from which DiameterNominalCharacteristicTyp¢
derives. i ' ' '
feature. Most often these two values will be identical but use cases exist where the manufacturing
size and the tolerance evaluation size might be different. For example if a diameter has a specified
size of 10.0 +0.5/-0.0 and the manufacturing process targeted the nominal value of 10.0 any
undersize variation would result in an out of tolerance condition.

1%

(42
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Figure 45 — Threaded features

This is not the case with threaded features. A hole is not threaded to one specification and
inspectgd to another. Also, unlike a simple diameter, the datarassociated with a thread specffication
is quite gomplex as shown in Figure 45. To allow the shafing of thread specification data the
threaded feature defined by the ThreadedFeatureDefinitionType and the thread characteristic
defined py the ThreadCharacteristicDefinitionType both have an element ThreadSpecifi¢ationid
which rgferences an instance of ThreadSpecificationType contained in a list of
Thread$pecificationsType.

5.22.1 [Thread specification types

The ThreadSpecificationType provides a choice between three elements:
SingleLpadSpecification of SingleLeadSpecificationType, MultiLeadSpecification of
MultiLepdSpecificationType, and TextThreadSpecification of TextThreadSpecificationType.
The single lead and multi-lead types allow for the unambiguous capturing of detailed information in
their elements, some of which resolve to enumerations based on industry standards. If these pre-
defined fata containers-are not sufficient to capture a thread specification then that specificgtion
may be entered as\asimple text string via the TextSpecification element of
TextThrieadSpecificationType.

5.23 Fkeature measurement determination

The feature nominal is a representation of the design intent. The feature measurement is
determined from an actual physical part. The QIF information model allows for different levels of
detail for the information related to how a feature measurement is determined.

5.23.1 Checked and set features

At the most elementary level, the QIF information model distinguishes between a feature
measurement which is checked and one which is set. A feature called out on a print may not be
measurable. For example, a circle representing the region on the surface of a part which is
inaccessible because of interference with a fixture net pad is not a measureable circle. But because
the feature appears on a printed part drawing there may be the requirement for that feature to be
reported. To accomplish this, the feature measurement is set to its nominal value. More commonly,
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a feature will be checked by a measurement device or otherwise be evaluated using measurement
data.

For a set feature, the Set element of the DeterminationMode element on the feature item is
chosen. If the feature is checked then the Checked element of the DeterminationMode element on
the feature item is chosen. The differentiation between set and checked features is the only required
information from the DeterminationMode element.

5.23.2 Measurement and construction
More information about how a feature is checked can be added optionally with the CheckDetails
element| A checked feature can be either measured directly or constructed. A directly measured
feature is evaluated using data collected directly for that feature by a measurement device. A
construgted feature is evaluated using data previously collected for other features referred tg as
base features.

For a difectly measured feature, the Measured element of the CheckDetails element is chgsen.
For a constructed feature, the Constructed element of the CheckDetails element is chosern.

5.23.3 |Measurement points
Details ¢n the points used for measuring a feature can be added<optionally with the PointList
element| This element contains a list of references to nominal target points defined in
NomindlPointSets global element. Each point set can contaift optional information about th
measurgment device and sensor used to collect each poift.

1%

5.23.4 [Construction methods
Further getail about a feature construction can be‘optionally added by choosing between the
construgtion methods for a given feature type:

Common to all construction methods is the optional NominalsCalculated element. This Boalean

element|is used and set to true when feature nominals are calculated from the nominals of the set of
base features rather than being specified directly. This may come about if a generic macro gr
subroutine is used to perform afeature construction where both the feature nominal and feafure
measurgment are determined from the input base features.

A base feature used in-a‘construction is a reference to another feature item by its id in the
Featurejtemld element. In addition the referenced component of the base feature is identifigd by
the Refgrenced€emponent element. Usually the measured component, but sometimes the
nominal|component, of a base feature is used in the construction of the feature measuremerFt. This

is not to|be“eonfused with the concept of calculated nominals, where the nominal components of all

base features are used to calculate the feature nominal

The recompensated construction method references the measurement points of a base feature
rather than the base feature itself. The BaseFeaturePointList element identifies an ordered list of
measurement points on referenced base features. These points are identified by a single point
index, a range of point indexes, or all the points on the specified base feature. Point indexes are
integers that begin at 1 for the first point in a measurement point list.

The individual construction methods are described in Features.xsd. The description includes the
number and types of base feature references required for the particular construction types.
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The descriptions of the various construction methods can be found in Clause 6: QIF Library -
Information Model. Some construction method types are similar; these methods are clarified and
differentiated in the following subclauses.

5.23.4.1 Best-fit and recompensated construction methods
Common to many feature types are the best-fit construction method indicated by choosing the
BestFit element in the Constructed element, and the recompensated construction method
indicated by choosing the Recompensated element in the Constructed element. Both methods
use a substitute feature fitting algorithm to determine the feature measurement from point data. In
the case-of best-fit construction the point data is that from point reducible base features The point-
reduced|data is compensated for probe size and a substitute feature algorithm may have.begn
applied,|such as determining the center of a circle. For recompensated construction the point data is
uncompgnsated raw measurement points from base features. The result is that a recompensgated
construgted feature will be the same as if it were measured with the same points.

5.23.4.2l  Extract and from-scan construction methods
The extract construction method indicated by choosing the Extract element in the Construdted
element|and from-scan indicated by choosing the FromScan element-ih the Constructed element
are both used to determine a feature measurement from a set of measurement points. Thesg two
methodg are similar to the recompensated construction method.n'that all three create the fejture
measurg¢ment using a substitute feature algorithm on raw uneempensated point data from base
features| But the extract and from-scan construction metheds differ from the recompensated
construgtion method in that even though the base feature can be identified, the point indexe$ on
that feature cannot because the feature is typically measured with a scanning device resulting in a
large pojnt set variable in both size and density.

Both thg extract and from-scan constructionymethods use a subset of points from the base fe¢ature.
This suljset is determined by the nominal .extents of the feature being constructed. Therefore, the
feature being constructed must be naturally bounded (e.g., an arc) or explicitly bounded (e.d., a
plane with a polyline boundary).

The extriact construction methed is used when the dimensionality of the base feature and the
feature Ieing constructed.afe the same. Two-dimensional features can be extracted from a fwo-
dimensipnal scan curve\in’'the same plane; arcs and lines can be extracted from a planar cufve

scan ingide a filletedpocket because the arcs and lines are coincident with the base feature
Similarly, three-dimensional features can be extracted from a three-dimensional scan surfacg. In
both cages, the.measurement points used in the construction are those inside the limits on the
bounded feature.

But when a two-dimensional feature is derived from the measurement points of a three-dimensional
scanned surface, the feature being constructed may not be coincident with the scanned data. As a
result, search windows must be used to extend the two-dimensional feature out of its plane in order
to capture point data sufficient to determine the feature measurement. The from-scan construction
methods have elements like SearchRadius which allow for the definition of the search windows.
(Some three dimensional feature types also have a from-scan construction method to be compatible
with the DMIS 5.3 CONST (Input format 15) statement.)
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5.23.4.3  Copy, cast, and transform construction methods

The copy, cast and transform construction methods perform the similar operation of copying
measured data from one feature measurement to another feature measurement. The
NominalsCalculated element is used to control the copying of nominal feature data.

In the case of the copy construction method the base feature and the feature being constructed
must be of the same type and all the measured data elements from the base feature are copied
unchanged to the feature being constructed. If the NominalsCalculated element is present and set
to true then the nominal data elements are similarly copied from the base feature to the feature
being constructed.

In the cgse of the cast construction method the base feature and the feature being constructed are
not of the same type and all the measured data elements from the base feature may .or-may|not
have cofresponding data elements in the feature being constructed. Only those mieasured data
elementp shared between the two feature types are copied unchanged from the-base featur¢ to the
feature being constructed. If the NominalsCalculated element is present and Set to true thegn any
shared pominal data elements are similarly copied from the base feature‘to the feature being
construgted.

In the cgse of the transform construction method the base feature and the feature being congtructed
must be|of the same type and all the measured data elements.from the base feature are copied to
the featyire being constructed. All location and orientation elements are transformed by the gctual
transform matrix of the specified coordinate system. Allsize, form, and other dimensional data
remain ynchanged. If the NominalsCalculated elemeént is present and set to true then the nominal
data elements are similarly copied from the base feature to the feature being constructed with the
nominalllocation and orientation data being transformed by the nominal transform matrix of the
specifiedl coordinate system.

5.24 CharacteristicDesignators*- encoding "balloon" numbers in QIF
Figure 10 shows a plate with ballogned tolerances. Characteristics that are key to a manufagturing
process|or to a part’s usability (or-have some other level of criticality) are often indicated on &
drawing|with an identifier in & circle or another shape. These balloon numbers and levels of
criticality are accommodated in QIF with the concept of a characteristic designator.

The characteristic designator, defined by the CharacteristicDesignatorType, performs four tasks.
First, the required-Designator element captures the balloon number. Second, the optional YUID
element|enables:assigning a persistent identifier. Third, the optional Criticality element is used to
indicate [thedlevel of importance of the characteristic. This is either one of an enumerated set| of
criticalitipsS/MINOR, MAJOR, CRITICAL, KEY, and UNDEFINED) or a user-defined token thiat may
have any value. Fourth, the optional Balloon element enables specifying the location and style of
the balloon for visualization.

An element CharacteristicDesignator of CharacteristicDesignatorType can be found in three
locations in the characteristics aspect hierarchy: on the definition, on the nominal and on the item.
This allows for the sharing of a characteristic designator among several instances of a
characteristic. The CharacteristicDesignator is also an optional element in the
CompositeSegmentDefinitionBaseType.

In Figure 10 the balloon number “1” is shared by the four holes in much the same way that the
nominal diameter is shared. This relationship can be shown by using the optional
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CharacteristicDesignator element on the characteristic nominal. This is the normal location for
indicating the characteristic designator and criticality except in special circumstances.

When the characteristic designator is shared among several items and it is necessary to assign
augmented labels or balloon numbers to each item, this is accomplished with the
CharacteristicDesignator element on the characteristic item. A balloon number of “1” may result in
individual characteristic designators with designators like 1_1, 1_2, etc.; 1A, 1B, etc.; or 1.1, 1.2,
etc. depending on company standards.

When a box tolerance is used (like that shown in subclause 5.9.4) and such a tolerance is ballooned
then, in practice, that designator may be shared among several different characteristics and [even
different| characteristic types. In this case, the CharacteristicDesignator element on the
charactgristic definition is used.

If the chpracteristic designator spans several different characteristic types then-the same
charactgristic designator must be re-defined for each characteristic type; QIE does not allow|for
charactaeristic definitions to be shared among characteristics of different types.

5.25 Attributes and Part Notes

The QIH information model enables users to insert otherwise unmodeled information in many places
in QIF instance files by using Attributes and/or PartNotes¢Note the capital A and bold fontjon
Attributgs; this is entirely different from XSDL attributes.

An Attriputes element is a list of AttributeXXX elements where the XXX indicates the type pf data.
The full |ist of AttributeXXX elements is shown in\Figure 46.

AttributeDX
AttributeD?2
AttributeD3
AttributeStr
AttributeTime
AttributeUser

Element Name Data Typé
AttributeBool Boolean
AttributeQPId QRIdType
Attributell integer

Attributel2 list of two integers
Attributel3 list of three integers

double

list of two doubles

list of three doubles

string

XML dateTime

user defined data in a binary array or XMI structure

Figure 46 — Attributes element names and types

Attributes are intended to be used to convey important information that is not representable
elsewhere in the QIF model. Items that can be represented in the model (the nominal diameter of a
circle, for example) should not be put into Attributes. The AttributeStr element can be used to
convey any sort of information in natural language. The types that have an Attributes element in
the QIF model are shown in Figure 47. Where there is an Attributes element in a base type, all

derived types will have one, too.
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Characteristics.xsd QIFMeasurementResources.xsd
CharacteristicBaseType EnvironmentalRangeType
CharacteristicGroupType MeasurementResourceBaseType
Features.xsd QualificationType
FeatureBaseType TemperatureType
FeatureZoneBaseType UserDefined AxisType
MeasuredPointSetType
QIFPlan.xsd
IntermediatesPMI.xsd ActionMethodBaseType
AlggrthmType MeastrandBaseType
AlighmentOperationBaseType PlanElementBaseType
AngtilarToleranceDefinitionType WorklinstructionBaseType
AngularToleranceType
AregToleranceType QIFResults.xsd
CoordinateSystemType ActualComponentType
DatymType MeasurementResultsType
DatumDefinitionType o
DatymReferenceFrameType QIFStatistics.xsd
DatumTargetType ControlMethodType
FordeToleranceType CorrectiveActienPlanType
LineprToleranceDefinitionType StatisticalStudyPlanBaseType
LineprToleranceType StatisticalStudyResultsBaseType
MassgToleranceType o
Matdrial Type Statisticsxsd
Org4nizationType AssignableCauseType
PressureToleranceType CharacteristicStatsEvalBaseType
SoftyareType CorrectiveActionType
Speg¢dToleranceType StatsBaseType
StandardType StatsNumericalBaseType
SubstituteFeatureAlgorithmType StatsWithTolNumericalBaseType
TemperatureToleranceType SummaryStatisticsType
ThregadSpecificationDetailedBaseType -
Tim T0|eranceType Traceablllty.xsd
TransforminstanceType ActualProductTraceabilityType
EnvironmentType
PrimitiyesPD.xsd InspectionTraceability Type
NodeWithldBaselype ManufacturingProcessTraceability Type

PrelnspectionTraceabilityType

QIFDocument.xsd ProductTraceabilityType

QIFDocumentType

Visualization.xsd
IZnnnypn

PMIDisplayType

Figure 47 — Types with Attributes element

The PartNoteType models a note that needs to be displayed graphically and may contain only text.
The ProductType has a PartNoteSet element of PartNoteSetType that is a list of PartNote
elements of PartNoteType. These are referenceable by id. The ProductDefinitionBaseType has
a PartNotelds element that is a list of ids of part notes. This allows part notes to be connected to
specific products. The PartNoteType also has a PartNotelds element so that part notes may be
nested.
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5.26 Detailed requirements

5.26.1 XML naming and design rules (NDR)
XML technology was chosen for QIF encoding because the basic XML specifications are supported
as open, public domain, royalty-free standards, and because XML technology is very widely used.

The QIF information model is built using the XML Schema Definition Language(XSDL). That
language was chosen because:

o KSDL has adequate expressive power for the basic structure of the model. It includgs the
hbility to define complex types with attributes and elements.
e |XSDL allows more specialized complex types to be derived from less spegialized cqgmplex
ypes, so that type hierarchies can be defined.

¢ KSDL has built-in data types and the ability to specialize them.

¢ KSDL permits the modular construction of models via an "include" capability.
e KSDL has a default instance file format (XML) with a set of rules for determining if af
nstance file conforms to a model. Moreover, XML instance fileS.are human-readable as well
hs machine-readable.
e |XSDL enables the model builder to define constraints that extend the rules for determining
ivhether an instance file conforms to a model.
e [XSDL is a widely accepted language, and the XML« file format of instance files is eveén more
videly accepted.
e Tools for determining whether a model is syntagtically correct and consistent and whether a
jiven instance file conforms to a given modefare available free or for a moderate price.

Tools fof generating computer code that may b incorporated in an application from a mode| built in
XSDL afe available free or for a moderate price, thus lowering the cost of implementation.

QIF vergion 3.0 uses all the capabilities 'of XSDL just mentioned:

gver 3000 complex types‘are defined.

derivation hierarchies-are’built up to five levels deep.
gver 180 specialized-data types are defined.

the QIFDocument-model is built from 22 modules.
QIF includes hHundreds of key and keyref constraints.

In this stibclause, the prefix xs: is used to indicate terms that are part of the XML schema definition
languagpe (XSDL). The xs: prefix is also used in the schema files. The term xs:type used herg is not
part of XSBL but means either xs:complexType or xs:simpleType.

5.26.1.1  Naming conventions
Certain naming conventions have been used in the development of the QIF XML schemas.

With few exceptions names are descriptive and formed by concatenation without abbreviation. One
exception to the rule against abbreviation is that "identifier" is shortened everywhere it appears to
"id" or "Id". All concatenated words in a name except possibly the first start with an upper case
letter. The rules for the case of the first letter of the first word are:

o All names of XML items except xs:attribute names start with an upper case letter. This
includes names for xs:type, xs:element, xs:key, and xs:keyref. Example xs:type name:

ArcFeatureNominalType
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o All xs:attribute names start with a lower case letter. Example xs:attribute name: id. All
xs:type names end in "Type".

e All xs:key names end in "Key".

o All xs:keyref names end in "Keyref".

¢ All names of instantiable feature xs:types end in "FeatureltemType",

FeatureDefinitionType", "FeatureNominalType", or "FeatureMeasurementType".

e All names of instantiable characteristic xs:types end in "CharacteristicltemType",

non

CharacteristicDefinitionType", "CharacteristicNominalType", or
CharacteristicMeasurementType".

"BaseType", and the types are abstract.

The na
always (¢
or array

5.26.1.2
A numb
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[ names of enumerated xs:types end in "EnumType".
ames of xs:types that are parent xs:types not intended to be instantiated end in

0 a great extent, the names of xs:elements are formed from the name of the xs:type of the
s:element by removing the "Type" at the end. For example, the name-ofthe xs:element
hose xs:type is PlaneFeatureNominalType is PlaneFeatureNominal.

e of an xs:element that is a reference to a single QIF id almost always ends in "Id" and is
f one of the derived types of QIFReferenceBaseType. If the value of an xs:element is a list
of ids, the xs:element name almost always ends in "lds"

Design rules
br of design rules have been followed in building-the QIF schema files.

M| xs:type definitions are declared globally,d:e., as direct children of an xs:schema. Ip other
vords, no xs:type definition is embedded-inside another xs:type definition or inside ah
s:.element. This convention is commonly called using the venetian blind pattern.
\though the names of QIF xs:elements and xs:types are very descriptive, the precisg
neaning almost always requiresexplanation. The XML schema definition language ipcludes
In xs:documentation node type that may be used to put documentation into a schemia.
Documentation nodes mustpe preserved by XML tools. Comments may also be insgrted in
chema files but are not-necessarily preserved by XML tools. Further details of
ocumentation are given-in subclause 7.2.
A\l xs:types not intended to be instantiated are made abstract so as to be explicitly npn-
nstantiable.
\Vhen an xs:element is (or could be) declared to be of an abstract xs:type, there are three
vays under:the W3C rules in which the xs:element can be declared and instances off it put
nto instange files.

o «Kirst, in the schema file, the xs:element may be declared to be of the abstract

©IS

xs:type. In an instance file, instances of it may use the xs:element name for the

types. The xsi prefix is used for the standard XML instance namespace,
http://imww.w3.0rg/2001/XMLSchema-instance.

o Second, in the schema file, rather than having a single xs:element declaration, an
xs:choice of xs:elements of the various instantiable derived types may be used
instead. In an instance file, one of the xs:elements in the xs:choice is used.

o Third, in the schema file, the xs:element may be declared globally to be of the
abstract xs:type and made to be the head of a substitution group. The instantiable
derived xs:types are used as the xs:types for the other xs:elements in that
substitution group. The xs:element for the abstract xs:type is then used via "ref"
elsewhere in the schema file. In an instance file, the xs:element for a member of the
substitution group headed by the abstract type is used.
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5.26.1.3] Other naming and design items

The first method can make writing key/keyref constraints difficult since (1) those constraints
are expressed using xs:element names, (2) the constraints need to distinguish among
xs:types, and (3) the same xs:element hame is used with different xs:types. It also requires
the instance file to be more verbose (because the xsi:type declaration is needed). Hence,
the first method is not used in QIF.

The second and third methods have a different xs:type for each xs:element name, so they
support writing key/keyref constraints. The third method is used overwhelmingly but not
exclusively in QIF. The second method is used in several places.

QIF uses the namespace "http://www.qgifstandards.org/xsd/qif3". The schema files(in|version

3.0 of QIF, use both no prefix and the prefix “t” for this namespace. The “t” is to@atisfy the
SDL rule that xpaths require a prefix when a namespace is used.

XML instance files that conform to QIF must follow the rules for the conformance of instance files to

XML schemas as defined by the W3C.

5.26.2

,Annotation conventions

A great humber of annotations (xs:annotation) containing documentation (xs:documentation) have
been ingluded in the QIF schema files in order to explain the full meaning of the various elements in
the QIF models. The meanings of the documentation nodes are essential parts of the model} not

merely guggestions that may be taken or not. The documentation nodes have been prepareg
according the following conventions:

118

Eyery schema file has a documentation<node near the top that provides a general degcription
of the file.

Eyery xs:type has a documentation node.

Eyery xs:element outside-of-a substitution group has a documentation node.

The xs:element at the head of every substitution group has a documentation node.
Eyery different.sort of xs:key and xs:keyref has a documentation node. In the case of features
and characteristics, the xs:keys and xs:keyrefs occur in large (over 35) batches that are very

similar. For these batches, only the first member is documented.

Only“ene documentation node is used under an annotation node, unless there is an
exceptional reason to include more than one.

The text of each documentation node consists of one or more complete sentences. The text
can stand alone without the context of the XML schema code. The name of the schema file,
attribute, type, element, key, or keyref is repeated in the sentence.

All abstract types are annotated as abstract. QIF BaseTypes are always abstract.
If an element has multiple pieces of information, then "defines" or "gives" is used to describe

the element. If the element is one piece of information (even if it has substructure), then "is" is
used.
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When an element has maxOccurs="0", that indicates the element is optional. In this case, the
word “optional” immediately precedes the name of the element in the documentation.

When an element has maxOccurs="unbounded", or maxOccurs="N" (where N is an integer
that is 2 or greater) there may be more than one such element in an instance file. In these
cases, the usage is "Each XXX element defines" rather than "The XXX element defines".
Note: The default for elements is exactly one.

If an attribute is optional, which is the default for attributes, the word “optional” immediately
precedes the attribute name in the documentation.

Iffan attribute has use="required”, that means the attribute is required. In this case, th¢ word
“required” immediately precedes the attribute name in the documentation.

Iffa type is a list of specific values, the word "enumerated” or "enumerates" s, always in the
annotation, e.g., "The optional, enumerated TimeDescription element describes the time
rglative to the inspection, at which the environment data is measured."

Individual enumeration values in an enumerated type do not haverdocumentation nodes, but
if the meaning of the values is not obvious, either they are explained in the documentation
npde of the type, or a reference is given to a document giving the meanings.

Vhen text notes can assist people in reading andtnderstanding the schema file, text
escribing the file structure is placed in XML comments.

o

he sentence, “This element is in an optional choice.” describes a situation in which the
lement itself is not optional, but the element is effectively optional because the choige it is in
5 optional.

—_ n
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6 QIF Library

6.1

Introduction

ANSI/DMSC QIF 3.0 - 2018

The QIF Library contains fifteen schema files that support the QIF Application schema files. The
files and the area covered by each are:

The information covered by files in the QtF Library encompasses:
poundary representation models of the sort found at the core of commercial computer-aided

120

Auxiliary.xsd — types for auxiliary geometry
Characteristics.xsd — characteristic types

(
H
gpplications

Reatures.xsd — feature types

GenericExpressions.xsd — domain-independent arithmetic, string, and Beolean exprg
types

Geometry.xsd — geometric types (half of the core of CAD)

IntermediatesPMI.xsd — intermediate PMI types

Rrimitives.xsd — basic types used throughout QIF

PrimitivesPD.xsd — basic numerical types used in product description
RrimitivesPMI.xsd — basic PMI types

$tatistics.xsd — types that support QIF statistics

Topology.xsd — topology types (the other half.af the core of CAD)

Traceability.xsd — quality measurement trageability information

Wnits.xsd — types for units of measurement and values with units

isualization.xsd — types for graphical-display of products, including PMI

Hesign (CAD) systems
o geometry
o topology
o mesh representations
o visualization
product and.manufacturing information (PMI)

2009
o, ' digital product definition data practices in ASME Y14.41-2012

ISO 1101.3
o information expressed by ISO 22093:2011 and ANSI/DMIS 105.3 (DMIS 5.3)
standards
o first article inspection report information as defined in the AS9102B standard.
o welding information
rules to use in generating quality plans and programs
o basic generic expressions
o expressions specific to QIF rules
quality statistics.

EXpressions.xsd — expression types specific to QIF, used in the QIF rules and QIFplan

ssion

o geometric dimensioning and tolerancing information as expressed in ASME Y14.5M-

o geometrical product specifications expressed in ISO GPS related standards such as:
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The QIF Library, and QIF in general cover both pre-measurement and post-measurement PMI
information.

The sizes of these files vary widely, from 300 lines for Auxiliary.xsd to well over 23,000 lines for
Features.xsd. The sizes of the subclauses of this clause vary similarly.

The descriptions of the contents of the schema files in this clause are high-level to give the reader a
general understanding of each library file. For full details of every type, the HTML data dictionary
(which provides two-way navigation) is most convenient to use. The XML schema files themselves
contain eguivalent information and for some uses are preferable to the HTML.

6.1.1 Changes in the QIF Library from QIF Version 2.1

The QIH Library for version 3.0 contains revised versions of the identically named fifteen schema
files in the version 2.1 Library. Some of these files were changed radically and some only slightly,
as described in this clause.

One significant change in terminology (which did not change meaning) appears in over a thqusand
places. That is, the term for the results of inspection has changed from *actual”’ to “measured”. As a
result, the names of most elements and types containing "Actual" have been changed to instead
contain [Measured" or “Measurement”. This change in itself has little impact on the capability of QIF
but has g large impact on existing software implementations.:Most of these changes were in
compongnts of element names and type names; for example, DiameterCharacteristicActuplType
became|DiameterCharacteristicMeasurementType.The two QIF library files most affected by that
change pre Characteristics.xsd and Features.xsd.

A significant change was made to the relationships between the four aspects of features. Previously
a measyred (actual) feature was required toreference a feature item, now the reference to the
feature item is optional; previously a feature item could optionally reference a feature nominal, now
the refelrence to the feature nominal is required. This change brings the QIF feature aspects|more
into harmony with manufacturing and inspection stages: the nominal and definition aspects ¢come
into being at the design stage, the-item aspect comes into being at the inspection planning stage,
and the measurement aspect comes into being at inspection execution stage.

A modest change expands the identification of the GD&T standard used to include the ability to
define apsociated standards and specifications. Associated is the ability to explicitly define spftware
application and atgorithms for substitute feature algorithms and statistical calculations.

A minor[addition is the ability to optionally include a simple list of measured values used in &
statisticgl‘calculation in place of references to measured characteristics that contain those values.

A detailed list of all changes in each schema file will be made available.
6.2 Auxiliary.xsd

The Auxiliary.xsd schema file contains types for:

o auxiliary geometry (points, lines and planes)
e CAD coordinate systems
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Auxiliary geometry is geometry items that a user might want to see that are not in the boundary
representation of an object, such as the axis of a cylinder. This includes, for example,
PointAuxiliaryType, LineAuxiliaryType, and PlaneReferenceType.

CAD coordinate systems are coordinate systems defined in CAD and included in QIF to support
CAD to CAD and CAD to DME transfer.

6.3 Characteristics.xsd

6.3.1 Characteristics element

Charactegristic information in the QIF data model is modeled in the Characteristics.xsd schema file.
The top [level type defined in the file is the CharacteristicAspectsListsType. This isused in the
QIFDocument schema as the type of the Characteristics element, as shown in Figure 48.

85
FormalStandardid i

|
|
type } QIFReferenceType | |
|
|

CharacteristicDefinitions FE]

|
|
|
|
' ty ; I\(EharacteristicDeﬂn itionsType 1
|
|
|
|

=
: Characteristics ! FIVPC AGIETAICELC IMIRKNIS IVDE:. < :
s -y
type | CharacteristicAspectsListsType .
-

|

|

|

|
............................... L] CharacteristicNominals FE] |
VpE { CharacteristicNominalsType i |
|

|

|

|

.............................

constraints

Figure 48 — Characteristics element

6.3.2 Characteristic definitions, nominals, items, and measurements

Characteristics have four aspects: definition, nominal, measurement, and item. How the aspects
relate to one another is described in Subclause 6.9.3. Lists of three of the four aspects are in the
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Characteristics element. The missing aspect, measurement, is in measurement results. The
Characteristics element also contains a formal standard identifier, default characteristics, default
tolerances, characteristic groups, and simultaneous requirement groups.

The XML Schema language definitions for characteristics form a type hierarchy by using XSDL
extensions to derive more specialized types from more general types. There are four hierarchies,
one for each aspect. Each of the four is headed by CharacteristicBaseType. The prototype
followed by each of the four hierarchies is shown in Figure 49. The word Aspect is shown in the
names in the figure where one of the four aspect names (Item, Definition, Nominal, or
Measurement) woul r. In the figure, inheritance is indicat indenting an itional level.
For exa

ple, the inheritance path to CylindricityCharacteristicAspectType is:

CharacteristicBaseType
ChafacteristicAspectBaseType

GeometricCharacteristicAspectBaseType

FormCharacteristicAspectBaseType
CylindricityCharacteristicAspectType

The CharacteristicBaseType and other types whose name includes Base are abstract types and
cannot be instantiated. The hierarchy has 73 leaf types that are-not abstract and can be
instantigted. Most of the leaf types exist because they are included in ASME GD&T, ISO GRS, or
AWS AZ.4:2012 (for welding). Nine of the types exist only so-that users can create user-defiped
charactgristics for which there is a defined unit (Angular;‘Area, Force, Linear, Mass, Pressure,
Speed, Temperature, and Time). User-defined characteristics not using any of those units may be
defined with either UserDefinedAttributeCharactetristicAspectType or
UserDefinedUnitCharacteristicAspectType,
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CharacteristicBaseType
CharacteristicAspectBaseType
AreaCharacteristicAspectBaseType
UserDefinedAreaCharacteristicAspectType
DimensionalCharacteristicAspectBaseType
AngularCharacteristicAspectBaseType
AngleCharacteristicAspectType
AngleBetweenCharacteristicAspectType
AngleFromCharacteristicAspectType
UserDefinedAngularCharacteristicAspectType
CoordinateCharacteristicAspectBaseType
AngularCoordinateCharacteristicAspectType
LinearCoordinateCharacteristicAspectType
LinearCharacteristicAspectBaseType
ChordCharacteristicAspectType
ConicalTaperCharacteristicAspectType
CurvelLengthCharacteristicAspectType
DepthCharacteristicAspectType
DiameterCharacteristicAspectType
DistanceBetweenCharacteristicAspectType
DistanceFromCharacteristicAspectType
FlatTaperCharacteristicAspectType
HeightCharacteristicAspectType
LengthCharacteristicAspectType
RadiusCharacteristicAspectType
SphericalDiaméterCharacteristicAspectType
SphericalRadiusCharacteristicAspectType
SquareCharacteristicAspectType
ThicknessCharacteristicAspectType
UserDefinedLinearCharacteristicAspectType
WidthCharacteristicAspectType
GeometricCharacteristicAspectBaseType
FormCharacteristicAspectBaseType
CircularityCharacteristicAspectType
ConicityCharacteristicAspectType
CylindricityCharacteristicAspectType
EllipticityCharacteristicAspectType
FlatnessCharacteristicAspectType
OtherFormCharacteristicAspectType
SphericityCharacteristicAspectType
StraightnessCharacteristicAspectType
ToroidicityCharacteristicAspectType
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LocationCharacteristicAspectBaseType
CoaxialityCharacteristicAspectType
ConcentricityCharacteristicAspectType
PositionCharacteristicAspectType
SymmetryCharacteristicAspectType

OrientationCharacteristicAspectBaseType
AngularityCharacteristicAspectType
ParallelismCharacteristicAspectType
PerpendicularityCharacteristicAspectType

ProfileCharacteristicAspectBaseType
LineProfileCharacteristicAspectType
PointProfileCharacteristicAspectType
SurfaceProfileCharacteristicAspectType
SurfaceProfileNonUniformCharacteristicAspectType

RunoutCharacteristicAspectBaseType
CircularRunoutCharacteristicAspectType
TotalRunoutCharacteristicAspectType

ForceCharacteristicAspectBaseType
UserDefinedForceCharacteristicAspectiType
MassCharacteristicAspectBaseType
UserDefinedMassCharacteristicAspectType
PressureCharacteristicAspectBaseType
UserDefinedPressureCharacteristicAspectType
SpeedCharacteristicAspectBaseType
UserDefinedSpeedCharacteristicAspectType
SurfaceTextureCharacteristicAspectType
TemperatureCharacteristicAspectBaseType
UserDefinedTemperatureCharacteristicAspectType
ThreadCharacteristicAspectType
TimeCharacteristicAspectBaseType
UserDefinedTimeCharacteristicAspectType
UserDefinedAttributeCharacteristicAspectType
UserDefinedUnitCharacteristicAspectType
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WeldCharacteristicAspectBaseType
WeldBevelCharacteristicAspectType
WeldCompoundCharacteristicAspectType
WeldEdgeCharacteristicAspectType
WeldFilletCharacteristicAspectType
WeldFlareBevelCharacteristicAspectType
WeldFlareVCharacteristicAspectType
WeldJCharacteristicAspectType
WeldPlugCharacteristicAspectType

ANSI/DMSC QIF 3.0 - 2018

WeldScarfCharacteristicAspectType
WeldSeamCharacteristicAspectType
WeldSlotCharacteristicAspectType
WeldSpotCharacteristicAspectType
WeldSquareCharacteristicAspectType
WeldStudCharacteristicAspectType
WeldSurfacingCharacteristicAspectType
WeldUCharacteristicAspectType
WeldVCharacteristicAspectType

Figure 49 — Characteristic. types

feviation from the hierarchy shown in Figure 49.s that
erCharacteristicDefinitionType is derived directly from
onalCharacteristicAspectBaseType in‘order that an option to use limits and fits n

DefaultCharacteristicDefinitions

aultCharacteristicDefinitions-element shown in Figure 48 is list of default or “unles
e specified” characteristic definitions.

DefaultToleranceDefinitions

aultToleranceDefinitions element shown in Figure 48 is a list of tolerance definitio
list may be aymix of LinearTolerance and AngularTolerance elements. A toleranc
pe referenced by id from a characteristic definition that uses a tolerance of the corre
ref checks’are included for this.

CharacteristicGroups

ay be

bS

NS with
b in the
't type.

The CharacteristicGroups element shown in Figure 48 is a list of characteristic groups. Each of

these is

of CharacteristicGroupType or its only derived type,

CharacteristicManufacturingProcessGroupType. A characteristic group may be transformed as

a whole

and have a status as a whole.

6.3.6 Constraint checking for characteristics

Between QIFDocument.xsd and Characteristics.xsd there are over 200 keyrefs for checking

referenc

es between the aspects of characteristics. The three sorts of references between

characteristics that these check are:
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e measurement to item
e jtem to nominal
e nominal to definition

For example, if the Nominalld element of an instance of SurfaceProfileCharacteristicltemType is
populated, its value must be the id of a SurfaceProfileCharacteristicNominalType.

The nominal-to-definition keyref checks are in Characteristics.xsd. The other two types of keyref
checks are in QIFDocument.xsd.

QIF enaplesteferencing objects in external QIF instance files. Keyreis apply only within an_instance
file. All gf the 200-plus keyref constraints between aspects of characteristics within an inStance file

have begn implemented between instance files using XSLT, as described in Clause 5.

6.3.7 ToleranceZones

Charactegristics.xsd defines types that describe the shapes of tolerance zones dsed in the
charactgristics as shown in Figure 50.

CoaxialityDiametricalZoneType
CoaxialityNonDiametricalZoneType
ConcentricityDiametricalZoneType
ConcentricityNonDiametricalZoneType
ConcentricitySphericalZoheType
OrientationDiametricalZoneType
OrientationPlanarZeneType
PositionDiametricalZoneType
PositionNonDiametricalZoneType
PositionSphericalZoneType
StraightnessDiametricalZoneType
StraightnessNonDiametricalZoneType

Figure 50 — Tolerance zone types

6.3.8 Substitution groups in Characteristics.xsd

Characteristics:xsd defines five substitutionGroups. One of these is for CharacteristicGroup, and
has only 6ne substitutable element. Four substitutionGroups are for characteristic aspects. Each of
those has a head whose type is the base type for the aspect plus 73 substitutable elements (one for
each instantiable characteristic type).

6.4 Expressions.xsd
The Expressions.xsd schema file defines QIF-specific expressions for supporting QIFRules.xsd.

Expressions.xsd includes GenericExpressions.xsd (discussed in subclause 6.6), so the capabilities
of GenericsExpressions.xsd are available for rules.
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Expressions are involved in QIF rules when a feature (possibly associated with a characteristic) is
being examined for one of three purposes: (1) picking the number of target hit points on the feature
for probing, (2) picking the strategy (pattern) for hit points, or (3) picking a substitute feature
algorithm for fitting the feature to hit points. The (possibly automated) system that is making the
decisions is working in an environment in which sampling category has been set. The system is
expected to have access to information about the feature and the characteristic (if there is one).
Sampling category is discussed further in Clause 10.

Expressions are also used in rules for selecting dimensional metrology equipment (DMES).

6.4.1 Types Defined in Expressions.xsd

The follgwing expression types are derived from BooleanExpressionBaseType (which is defined
in GeneficExpressions.xsd).

CharacfteristiclsType
FeaturelsDatumType
Feature]sinternalType
FeaturelTypelsType
SamplingCategorylsType
ShapeQlasslsType

The follgwing expression types are derived from ArithmeticExpressionBaseType (which ig defined
in GeneficExpressions.xsd).

ArithmdticParameterBaseType
ArithhmeticCharacteristicParameterType
ArithmeticDMEParameterType
ArithimeticFeatureParameterType
ArithimeticPartParameterType

CharacfteristicToleranceType

FeatureAreaType

Featurel.engthType

6.4.2 Substitution,groups in Expressions.xsd.

The subtitutionGroups of BooleanExpression and ArithmeticExpression defined in
GenericExptessions.xsd are extended in Expressions.xsd. There is an element for each of the types
listed in|stbclause 6.4.1 above that is not a base type. In all cases, the name of the elementis the
name of the type with “Type” removed from the end of the name.

6.5 Features.xsd

6.5.1 Features element

Measurement features are generated by analyzing the association between (1) geometric
dimensions and tolerances (GD&T) and (2) product design geometric elements as specified in
design models or drawings. In the QIF realm and widely accepted in the metrology and
manufacturing quality fields, features are defined as the underlying targets to which GD&T is
applied. These features are often defined as points, curves, planes, spheres, etc. that can actually
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be seen on the physical part to be measured. The characteristics defined in Characteristics.xsd
apply primarily to features; for example a diameter characteristic might apply to a circle or cylinder,
and a perpendicularity characteristic might apply to two planes.

The Features.xsd schema file defines types that describe dimensional metrology features. The top
level type defined in the file is the FeatureAspectsListsType. This is used in the QIFDocument
schema as the type of the Features element, as shown in Figure 51.
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Figure 51 — Features element

6.5.2 Heature types

Feature$.xsd defines instantiable feature types plus base feature types, as shown in Figure p2.
Feature$ have four aspects: definition, nominal, measurement, and item. Each feature type |n
Figure 52 that has “Aspect” in.its’hname has a type for each of the four aspects, except that there is
no meagurement type for the five pattern feature types. Lists of three of the aspects are inclyided in
the FeajureAspectsListsSType, as shown in Figure 51. A list of the fourth aspect, measurement, is
included in measurement results.
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Figure 52 — Feature Types (below)

FeatureBaseType
NonShapeFeatureBaseType
NonShapeFeatureAspectBaseType
MarkingFeatureAspectType
OtherNonShapeFeatureAspectType
ShapeFeatureBaseType
ShapeFeatureAspectBaseType
CurveFeatureAspectBaseType

CircleFeatureAspectType
CircularArcFeatureAspectType
EllipseFeatureAspectType
EllipticalArcFeatureAspectType
ElongatedCircleFeatureAspectType
LineFeatureAspectType
OppositeAngledLinesFeatureAspectType
OppositeParallelLinesFeatureAspectType
OtherCurveFeatureAspectType
PointDefinedCurveFeatureAspectType

GroupFeatureAspectType

PatternFeatureAspectBaseType
PatternFeatureCircleAspectType
PatternFeatureCircularArcAspectType
PatternFeatureLinearAspectType
PatternFeatureParallelogramAspectType

OtherShapeFeatureAspectType
PointFeatureAspectBaseType

EdgePointFeatureAspectTypge
PointFeatureAspectType

SpecifiedFeatureAspectBaseType

ThreadedFeatureAspectType

SurfaceFeatureAspectBaseType

ConeFeatureAspectType
ConicalSegmentFeatureAspectType
CylinderFeatureAspectType
CylindricalSegmentFeatureAspectType
ElongatedCylinderFeatureAspectType
ExtrdydedCrossSectionFeatureAspectType
OppositeAngledPlanesFeatureAspectType
OppositeParallelPlanesFeatureAspectType
OtherSurfaceFeatureAspectType

PlaneFeatureAspectType
PointDefinedSurfaceFeatureAspectType
SphereFeatureAspectType
SphericalSegmentFeatureAspectType
SurfaceOfRevolutionFeatureAspectType
ToroidalSegmentFeatureAspectType
TorusFeatureAspectType

As shown in Figure 51, the Features element also contains the NominalPointSets element.
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Feature descriptions in natural language are given in the in-line documentation of the feature types.
Diagrams of some feature types are provided in Clause 5. The Features.xsd file also:
o defines methods of constructing features
e contains the key/keyref pairs that constrain references from feature nominals to feature
definitions
o defines the subsitutionGroups for feature aspects.

All but one of the feature types in DMIS 5.3 have an equivalent in QIF. QIF has some that do not
have an equivalent in the DMIS 5.3 standard. A comparison of the shape feature definitions in QIF
and DMIS is shown in Figure 53. QIF non-shape features are not shown.

QIF Feature Equivalent DMIS Feature
Jircle CIRCLE
dircularArc ARC (format 1)
Jone CONE
JonicalSegment CONRADSEGMNT
Qylinder CYLNDR
JylindricalSegment CYLRADSEGMNT
FdgePoint EDGEPT
Hllipse ELLIPS
HllipticalArc no equivalent
HlongatedCircle no equivalent
HlongatedCylinder ELONGCY®;
HxtrudedCrossSection no eguivalent
Jeneric GEOM;,* OBJECT
Qroup COMPOUND
Pattern PATERN
Hine LINE
JepositeAngledLines CPARLN
JepositeParallellines CPARLN
JepositeAngledPlanes PARPLN, SYMPLN
JepositeParallelPlanes PARPLN, SYMPLN
dtherCurveFeature GEOM, OBJECT
JQtherShapeFeatuxe GEOM, OBJECT
dtherSurfaceFedfure GEOM, OBJECT
Hlane PLANE
Hoint POINT
HointDeflntedCurve GCURVE
HointDefinedSurface GSURF
Jphete SPHERE
JphericalSegment SPHRADSEGMNT
Ju¥rfaceofRevolution REVSHRE
Threaded no equivalent
ToroidalSegment TORRADSEGMNT
Torus TORUS
no equivalent RCTNGL

Figure 53 — Comparison of feature definitions in QIF and DMIS

QIF features are described using Cartesian coordinates. Notes may be attached to any of the
feature aspects.
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6.5.3 Constraint checking for features

Between QIFDocument.xsd and Features.xsd there are over 100 keyrefs for checking references
between the aspects of features. The three sorts of references between features that these check
are:

e measurement to item

e item to nominal

e nominal to definition.

For example, if the FeatureNominalld element of an instance of CircleFeatureltemType is
populatgd—its-valuemustbe-the-id-of a CircleFeatureNominalype-

The nominal to definition keyref checks are in Features.xsd. The other two types of keyref checks
are in QJFDocument.xsd.

QIF enables referencing objects in external QIF instance files. Keyrefs apply enly within an instance
file. All gf the 100-plus keyref constraints between aspects of features withinan instance file|have
been implemented between instance files using XSLT, as described in Clause 5.

6.5.4

As descfibed in subclause 6.5.4, the Features.xsd schema file provides construction methods for
features, These are defined for all instantiable shape features éxcept GroupFeature and its gerived
types. There are several stereotypical construction methads that may be applied to the shage
feature fypes that may be constructed.

qopy — all

transform — all except OtherCurve, OtherShape, and OtherSurface
gast — all except PointDefinedCurve, PointDefinedSurface, OtherCurve, OtherShape| and
(DtherSurface

jest fit — all except Point, EdgeRoint, OtherCurve, OtherShape, and OtherSurface
pcompensated — all except Point and EdgePoint, OtherCurve, OtherShape, and
(DtherSurface

e from scan — Circle, CircularArc, Cone, Cylinder, EdgePoint, Ellipse, EllipticalArc, Line
(OppositeAngledLines;"OppositeParallelLines, OppositeAngledPlanes,
(DppositeParallelPlanes, PointDefinedCurve, Point, Sphere, Torus

gxtract — CircularArc, Line, Plane, PointDefinedCurve, PointDefinedSurface

e intersection <Circle, CircularArc, Ellipse, EllipticalArc, Line, OppositeParallelLines,
(OppositeAngledLines, Point

grojection = CircularArc, Circle, Ellipse, EllipticalArc, Line, OppositeAngledLines,
(DppositeParallelLines, Point

¢ tangent through — Circle, Line, Plane

feature construction methods

4

In addition to these generally applicable construction methods, several other construction methods
are applicable to one or a few feature types.

Circle — FromCone, Tangent

Line — Midline, Parallel, Perpendicular

Plane — Midplane, Offset, Parallel, Perpendicular, Through

Point — FromCone, CenterOfGravity, Pierce, Midpoint, MovePoint, MovePointVector,
MovePointAxis, Extreme

e Threaded — FromCylinder
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6.5.5 Substitution groups for features

The Features.xsd schema file defines four substitutionGroups (one for each feature aspect), each of
which has a head that is the base type for the aspect, plus 37 members (one for each instantiable
feature type).

6.6 GenericExpressions.xsd

The GenericExpressions.xsd schema file defines Boolean expression types, simple arithmetic
expression types, and very simple string expression (actually token) types. The generic expressions
are not gpecific to QIF.

Expressjons defined in GenericExpressions.xsd are used in Expressions.xsd, QIFPlan.xsd, and
QIFRulgs.xsd. Expressions.xsd extends the substitutionGroups of BooleanExpression and
ArithmgticExpression, as described in Subclause 6.4.2. QIFPlan.xsd extends’the
substitutionGroup of TokenExpression.

All expréssions are modeled in XSDL (the same way everything else is\modeled), not in condensed
symboli¢ notation. This makes instances of the expressions verbosé but very easy to procegs. No
separatg expression parser is needed.

6.6.1 Arithmetic Expressions

All instaptiable arithmetic expression types are derived directly or indirectly from the abstract (non-

instantigble) ArithmeticExpressionBaseType. Instantiable arithmetic expression types deffned in

the file that represent arithmetic operators are:
e NegateType

axType

inType

lusType

inusType

imesType

ividedByType

ArithmgticConstantType is also an arithmetic expression type.

A substifutionGroup headed by the ArithmeticExpression element is defined containing an
element|for each of the types listed above. The element names are the type names with “Type
removedl.

MaxType, MinType, PlusType, and TimesType take two or more arguments. MinusType and
DividedByType take exactly two arguments. NegateType takes one argument.

6.6.2 String Expressions

String expressions are defined using the token type, which is a string in which extra white space is
ignored (so that, for example, “ a string ” is considered to be the same as “a string”). There is an
abstract TokenExpressionBaseType from which TokenConstantType is derived. There is a
substitutionGroup headed by the TokenExpression element and containing the TokenConstant
element.
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The following common comparisons between arithmetic expressions that return a Boolean result are

defined:
o ArithmeticEqualType
o GreaterThanType
e GreaterOrEqualType
e LessThanType
o LlessOrEqualType

Boolean| expression types taking Boolean arguments are defined:

One Boglean expression taking two token (i.e., string) arguments-is‘defined; that is
TokenEgualType.

The Boqglean expression types listed above are all instantiable. In addition to those types, ng
instantigble abstract base types are defined, headed by .BooleanExpressionBaseType. A

substitu
element
names ¢

The exp
and OrT|

arguments.

6.7 (
The Ge(
types sh

shown in Clause 7:-TFhe role of the geometry types in product definition is covered thoroughl

Clause ]

ooleanEqualType
onstantisType
otType

ndType

rType

ionGroup headed by the BooleanExpression element is defined. Its members are
5 corresponding to the types listed above.\The names of the elements are the same
f the types, with “Type” removed.

Fession types ConstantlsType{NegateType, and NotType take one argument. An
ype take two or more arguments. All other Boolean expression types take exactly t

Seometry.xsd
metry.xsd schema-file defines the geometry types shown in Figure 54 and the geon
own in Figured55. Subhierarchies of the derivation hierarchy shown in Figure 54 are
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in Figure 54 and two enumerations
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GeometryBaseType
Curvel2BaseType
Aggregatel2Type
ArcCircularl2Type
ArcConicl12Type
Nurbs12Type
Polylinel2Type
Segmentl2Type
Splinel2Type
Curvel3BaseType
Aggregatel3Type
ArcCircularl3Type
ArcConic13Type
Nurbs13Type
Polylinel3Type
Segmentl1l3Type
Splinel3Type
MeshTriangleType
PathTriangulationType
PointEntityType
SurfaceBaseType
Cone23Type
Cylinder23Type
Extrude23Type
Nurbs23Type
Offset23Type
Plane23Type
Revolution23Type
Ruled23Type
Sphere23Type
Spline23Type
Torus23Type

Figure 54 — Individual geometry types

Curvel2SetType
Curvel3SetType
CurveMestrSetType
GeometrySetType
PointSetType
SurfaceMeshSetType
SurfaceSetType

Figure 55 — Geometry set types

The GeometrySetType in Figure 55 consists of elements of the other six types.
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6.8 IntermediatesPMI.xsd
The IntermediatesPMI.xsd schema file defines over 130 miscellaneous types used in other schema
files. Many of these types either define ids or use ids. Twenty-four of them are enumerations.

The hierarchy of alignment operation types shown in Figure 56 is included along with a
substitutionGroup for them.

AlignmentOperationBaseType
BestFitAlignmentOperationType
DatumPrecedenceAlignmentOperationType
MachineCoordinateSystemOperationType
MeasurementOffsetAlignmentOperationType
NominalOffsetAlignmentOperationType
NominalRotationAlignmentOperationType
PrimaryAlignmentOperationType
SecondaryAlignmentOperationType

Figure 56 — Alignment operatiofs

Theltypes dealing with datums and datum reference frames shown in Figure 57 are defined.

CompoundDatumType
DatumDefinitionsType
DatumDefinitionType
DatumFeatureBaseType
DatumFeatureSimulatorModifierType
DatumReferenceFramesType
DatumReferenceFrameType
DatumTranslationType
DatumType
DatumWithPrecedenceType
MeasuredDatumFeatureType
NominalDatumFeatureType
SequencedDatumType

s e 3 Dot ol ey £ £
rFIigurc Jor = uaduditis diiud uatutir reietcrivt malrfics

A number of ISO-specific types are defined as shown in Figure 58. In addition to these 1SO-specific
types, there are many ISO-specific elements in various types. For example, the DatumType has the
following ISO-Specific elements: ProjectedDatum, DiameterModifier, SectionModifier,
ContactingFeature, DistanceVariable, DatumFixed, ReducedDatum, ConstrainOrientation,
ConstrainSubsequent. Further information about ISO-specific items is given in Clause 5.

136 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF Library 3.0 ANSI/DMSC QIF 3.0

CollectionPlaneType
DiameterModifierEnumType
IntersectionPlaneEnumType
IntersectionPlaneType
ISODegreeOfFreedomEnumType
ModifyingPlaneEnumType
OrientationPlaneType
ReducedDatumEnumType

- 2018

SectionModitiereEnumlype

Figure 58 — ISO-specific types

Intermedliates.xsd defines other types dealing, among other things, with the follawing: algorifhms,

events, external references, threads, standards, coordinate systems, tolerances, transforms

materialg, and points that are to be measured or were measured.
6.9 rimitives.xsd
The Primitives.xsd schema file defines 90 miscellaneous types«sed in other schema files. T

to users for including data in an instance file that is not modeled elsewhere in QIF.
lements are:

ttributeBool</an xs:boolean

ttributeStr= an xs:string

ttributeQPIld — a QPId for identifying the containing element

ttributeTime — an xs:dateTime

eleven

ypes in
ample:
d

and

arrays

the

The

ttributell — a single xs:integer

I"'\ttl |butc=2 - tV\IU )\D.il ItUgCID

Attributel3 — three xs:integers

AttributeD1 — one xs:double

AttributeD2 — two xs:doubles

AttributeD3 — three xs:doubles

AttributeUser — binary data or any user-defined XML data.

An Attributes element including any number of these elements may be inserted in an instance file

at many places. All the Attributes elements are optional.
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6.10 PrimitivesPD.xsd

The PrimitivesPD.xsd schema file defines 3 miscellaneous simpleTypes and 8 complexTypes that
are used in CAD product definition but not in PMI.

6.11 PrimitivesPMl.xsd

The PrimitivesPMI.xsd schema file defines miscellaneous types that do not have ids and are not
used in geometry or topology but are used elsewhere. This includes 15 enumerations and 45
complexTypes.

Over a dozen types support statistics and have “Stats” in their names. Four of the complexTlypes
are scalg types. Another four are used for datum targets. Nine complexTypes offer a ghoice
between an enumeration value and a user-defined value. These are shown in Figure 59.

BottomType
DigitalModelFormatType
ManufacturingMethodType
SecurityClassification
ShapeClassType
SlotEndType
ThreadClassType
ThreadSeriesType
TypeOfCoordinatesType

Figure 59 — Types with @numeration or user definition

6.12 $tatistics.xsd
The Stajistics.xsd schema file supports the QIFStatistics application. It defines type hierarchjes and
miscellaneous other types used in quality statistics. This includes 178 complexTypes and 9
simpleTypes. Further information:about QIFStatistics is given in Clause 12.

6.12.1 Basic Statistics Types
The Stafistics.xsd file defines a hierarchy of basic statistics types as shown in Figure 60.
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StatsBaseType
StatsNumericalBaseType

StatsAngularType
StatsAreaType
StatsForceType
StatsLinearType
StatsMassType
StatsPressureType
StatsSpeedType

StatsTemperatureType
StatsTimeType
StatsUserDefinedUnitType
StatsWithTolINumericalBaseType
StatsWithTolAngularType
StatsWithTolAreaType
StatsWithTolForceType
StatsWithTolLinearType
StatsWithTolMassType
StatsWithTolPressureType
StatsWithTolSpeedType
StatsWithTolTemperatureType
StatsWithTolTimeType
StatsWithTolUserDefinedUnitType

StatsPassFailType

Figure 60~Basic Statistics Types
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6.12.2 Characteristic Statistics Evaluation Types

The file defines a hierarchy of characteristic statistics evaluation types as shown in Figure 61. This
is very similar to the characteristics hierarchy but omits some of the intermediate types of that
hierarchy. Statistics may be reported for each one of these whose name does not include Base,
thus offering various aggregated statistics in addition to statistics for the leaf node types.

Figure 61 — CharacteristicStatsEval types (continued on next page)

CharacteristicStatsEvalBaseType
AngularCharacteristicStatsEvalType
AngularCoordinateCharacteristicStatsEvalType
AngleCharacteristicStatsEvalType
AngleFromCharacteristicStatsEvalType
AngleBetweenCharacteristicStatsEvalType
GeometricCharacteristicStatsEvalType
FormCharacteristicStatsEvalBaseType
CircularityCharacteristicStatsEvalType
ConicityCharacteristicStatsEvalType
CylindricityCharacteristicStatsEvalType
EllipticityCharacteristicStatsEval Type
FlatnessCharacteristicStatsEvalType
OtherFormCharacteristicStatsEvalType
SphericityCharacteristicStatsEvalType
StraightnessCharacteristicStatsEval?ype
ToroidicityCharacteristicStatsEvalType
LocationCharacteristicStatsEvalType
CoaxialityCharacteristicStatsEvalType
ConcentricityCharacteristicStatsEvalType
PositionCharacteristicStatsEvalType
SymmetryCharacteristicStatsEvalType
OrientationCharacteristicStatsEvalType
AngularityCharacteristicStatsEvalType
ParallelismCharacteristicStatsEvalType
PerpendicularityCharacteristicStatsEvalType
ProfileCharacteristicStatsEvalBaseType
LineRrofileCharacteristicStatsEvalType
PaintProfileCharacteristicStatsEvalType
SurfaceProfileCharacteristicStatsEvalType
SurfaceProfileNonUniformCharacteristicStatsEvalType
RunoutCharacteristicStatsEvalBaseType
CircularRunoutCharacteristicStatsEvalType
TotalRunoutCharacteristicStatsEvalType
LinearCharacteristicStatsEvalType
ChordCharacteristicStatsEvalType
ConicalTaperCharacteristicStatsEvalType
CurvelLengthCharacteristicStatsEvalType
DepthCharacteristicStatsEvalType
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LinearCharacteristicStatsEvalType (continued)
DiameterCharacteristicStatsEvalType
DistanceBetweenCharacteristicStatsEvalType
DistanceFromCharacteristicStatsEvalType
FlatTaperCharacteristicStatsEvalType
HeightCharacteristicStatsEvalType
LengthCharacteristicStatsEvalType
LinearCoordinateCharacteristicStatsEvalType
RadiusCharacteristicStatsEvalType
Spherical DiameterCharacteristicStatsEvalType

Crnharion IRadLcCharantAaricti ~nC | i

tato Al T
PITCT I\Jull\uuluqvllul ACTCT IJLIUULMLJI_VMI I_yr.l\,

SquareCharacteristicStatsEvalType
hicknessCharacteristicStatsEvalType
idthCharacteristicStatsEvalType
faceTextureCharacteristicStatsEvalType
eadCharacteristicStatsEvalType
¢rDefinedAngularCharacteristicStatsEvalType
¢rDefinedAreaCharacteristicStatsEvalType
¢rDefinedAttributeCharacteristicStatsEvalType
¢rDefinedForceCharacteristicStatsEvalType
¢rDefinedLinearCharacteristicStatsEvalType
¢rDefinedMassCharacteristicStatsEvalType
¢rDefinedPressureCharacteristicStatsEvalType
¢rDefinedSpeedCharacteristicStatsEvalType

¢rDefinedTimeCharacteristicStatsEvalType
¢rDefinedUnitCharacteristicStatsEval Type
bsiteSegmentStatsEvalBaseType

evelCharacteristicStatsEvalType
¢ldCompoundCharacteristicStatsEvalType
¢ldEdgeCharacteristicStatsEvalType
gldFilletCharacteristicStatsEvalType
eldFlareBevelChatacteristicStatsEvalType
gldFlareVChargeteristicStatsEvalType
¢ldJCharacteristicStatsEvalType
¢ldPlugCharacteristicStatsEvalType
gldScarfCharacteristicStatsEvalType
¢ldSeamCharacteristicStatsEvalType
¢ldStotCharacteristicStatsEvalType

Idan'r(‘harar"rprlQtlr‘QfanF\mlT\/np

¢rDefinedTemperatureCharacteristicStatsEvalrype

WeIdSq uareCharacteristicStats EvaIType
WeldStudCharacteristicStatsEvalType
WeldSurfacingCharacteristicStatsEvalType
WeldUCharacteristicStatsEvalType
WeldVCharacteristicStatsEvalType

Figure 61 - CharacteristicStatsEval types (continued from previous page)

6.12.3 Criterion types
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The file defines three Criterion types, one of which has a derived type for each of ten unit
types, as shown in Figure 62. A Criterion type defines a numerical limit outside of which an issue
(e.g., a process control issue) will exist.

CriterionDecimalType
CriterionAngularType
CriterionAreaType
CriterionForceType
CriterionLinearType
CriterionMassType
CriterionPressureType
CriterionSpeedType
CriterionTemperatureType
CriterionTimeType
CriterionUserDefinedUnitType

CriterionintegerType

CriterionOutOfType

Figure 62 — Criterion Types
6.12.4 Summary Statistics

The Stajistics.xsd schema file defines summary statistics types as shown in Figure 63. For gach of
the deriyed types there is a set type with “Summaries” replacing “Summary” in the name. For
examplg, there is a SummariesStatisticsAngularType:

SummaryStatisticsType
SummaryStatisticsAngularType
SummaryStatisticsAreaType
SummaryStatisticsForceType
SummaryStatisticsLinearType
SummaryStatisticsMassType
SummaryStatisticsPressureType
SummaryStatisticsSpeedType
SummaryStatisticsTemperatureType
SummaryStatisticsTimeType
SummaryStatisticsUserDefinedUnitType

Figure 63 — Summary Statistics Types

6.12.5 Otheritems

The Statistics.xsd schema file defines a dozen enumeration types for statistics. For three of these, a
list type is defined.

6.13 Topology.xsd

The topology.xsd schema file defines the individual topology types shown in Figure 64 and the
topology set types shown in Figure 65 plus supporting enumeration types. In addition, validation
types are defined for edge, face, and body. Key/keyref constraints are defined that require
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references to be of the correct type. For example, a Vertexld element in a body must be the id of a
vertex. A global element is defined for each non-base type in Figure 64 and Figure 65.

The role of the topology types in product definition is covered thoroughly in Clause 0 and is not
described here.

CoEdgeMeshType
CoEdgesMeshType
CoEdgeType
CoEdgesType
EdgeOrientedType
TopologyBaseType
BodyType
EdgeType
FaceBaseType
FaceMeshType
FaceType
LoopBaseType
LoopMeshType
LoopType
PointCloudType
ShellType
VertexType

Figure 64 — Individual topology types

BodySetType
EdgeSetType
FaceSetType
LoopSetType
PointCloudSetType
TopologySetType
ShellSetType
VertexSetType

Figure 65 — Topology set types

The TopologySetType in Figure 65 consists of elements of the other seven types.

6.14 Traceability.xsd

The purpose of traceability information is to make it possible to associate QIF data files with the
product inspected and the resources used to design it, manufacture it, program its inspection, and
inspect it. The Traceability.xsd schema file defines types that describe the circumstances of a
planned or completed quality measurement.
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6.14.1 InspectionTraceabilityType

The InspectionTraceabilityType contains information applicable to an entire set of inspection
results. An instance of the InspectionTraceabilityType is used (optionally) as the value of the
InspectionTraceability element in both the ResultsType (multiple results sets) and the
MeasurementResultsType (single results set) of the QIFResults schema. It is also used as the
value of the InspectionTraceability element in the StatisticalStudyResultsBaseType (and,
hence, all derived types) in the QIFStatistics schema. All elements of InspectionTraceabilityType
are optional. The elements are shown in Figure 66.

InspectingOrganization
CustomerOrganization
SupplierCode
PurchaseOrderNumber
OrderNumber
ReportNumber
InspectionScope
InspectionMode
Partiallnspection
NotableEvents
NotedEvents
InspectionStart
InspectionEnd
InspectionSoftwareltems
InspectionProgram
InspectionOperator
ReportRreparer
ReportPreparationDate
ReportType
SecurityClassification
PlantLocation
ReferencedQIFPlaninstance
or ReferencedQIFPlan
Errors
Attributes

Figure 66 — Elements of InspectionTraceabilityType

6.14.2 PrelnspectionTraceabilityType

The PrelnspectionTraceability Type contains information similar to that of the
InspectionTraceabilityType, except that is it tailored for use when inspection has not yet occurred.
PrelnspectionTraceabilityType is the type of the PrelnspectionTraceability element of the
QIFDocumentType in QIFDocument.xsd and the StatisticalStudyPlanBaseType (and, hence, all
its derived types) in QIFStatistics.xsd. All elements of PrelnspectionTraceabilityType are optional
except for the FormalStandardld, which is required. The AsmPathlds indicate what is to be
inspected. The elements are shown in Figure 67.
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InspectingOrganization
CustomerOrganization
SupplierCode
PurchaseOrderNumber
OrderNumber
AsmPathlds
ReportNumber
InspectionScope
InspectionMode

Partiallnspection
NotableEvents
InspectionSoftwareltems
InspectionProgram
SecurityClassification
PlantLocation
ReferencedQIFPlaninstance

or ReferencedQIFPlan
FormalStandardId
Attributes

Figure 67 — Elements of PrelnspectionTraceabilityType

6.14.3 RProductTraceabilityType

The ProductTraceability Type defines traceability information for a component (i.e., part or

assembly). It is used (optionally) as the value ‘of‘the Traceability element of the ComponenitType

in Prodyct.xsd. The elements of ProductTraceabilityType are all optional. They are shown|in

Figure 68.

ReportNumber
ManufacturingProcessld
Fixtureld
NotableEventids
InspectionSoftwareltems
InspectionProgram
MeasurementDevicelds

Attributes

Figure 68 — Elements of ProductTraceabilityType

6.14.4 ActualProductTraceabilityType

The ActualProductTraceabilityType defines traceability information for an actual component. It is
used (optionally) as the Traceability element of the ActualComponentType in QIFResults.xsd. Its
elements are all optional. They are shown in Figure 69.
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SampleNumber
LotNumber
ReportNumber
ManufacturingProcessld
Fixtureld
NotableEventlds
NotedEventlds
InspectionStart
InspectionEnd
InspectionSoftwareltems
InspectionProgram
InspectionOperator
MeasurementDevicelds
ProductEnvironments
Errors

Attributes

Figure 69 — Elements of ActualProductTraceabilityType

6.14.5 ManufacturingProcessTraceabilityType

The ManufacturingProcessTraceabilityType defines traceability information for a manufag¢turing

process| It is used in the ManufacturingProcessTraceabilities element of the QIFDocumgntType.
Once a ManufacturingProcessTraceability is listedithere, it may be referenced using the
ManufagturingProcessld element found at several places in the QIF model. The elements [of
ManufagturingProcessTraceability Type are.all optional. They are shown in Figure 70. There is
also a required id attribute which may be used for referencing.

Attributes

Description

Job

Revision
PreviousOperationld
Path
MachineManufacturerName
Machineldentifier
Operatorldentifier

Shift

Department
Responsibilityldentifier
PlantSector
ProcessParameters
AssociatedTraceabilityld

Figure 70 — Elements of ManufacturingProcessTraceabilityType

Significant supporting types defined in Traceability.xsd include EnvironmentType,
InspectionProgramType, and PartialinspectionType.
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6.15 Units.xsd
See also subclause 5.18 QIF Handling of Units.

6.15.1 FileUnits

The top level type defined in the file is the FileUnitsType. This is used in the QIFDocument.xsd
schema as the type of the FileUnits element, as shown in Figure 71. The FileUnits element gives
explicit primary units for the file and optionally gives other units and user defined units that may be
used in the file. The FileUnits element is optional, but it is strongly recommended that it be used. In
the absence of a FileUnits element, the default units are Sl units.

i 'L--E UserDefinedUnits

o e

|
PrimaryUnits + [
|
|
|

Figure 71 — FileUnits element

The Units.xsd schema file defines units for values of angle, area, force, length, mass, pressure,
speed, temperature, and time. The length.unit is called linear unit to avoid confusion with theg length
charactgristic. The file also defines the fallowing corresponding value types that have units. The
default gnit is shown following each Vvalue type.

AngleValueType radian
AreaValueType squarecmeter
ForcgValueType newton
Line@rValueTypemeter
MasgValueType kilogram
PressureValueType pascal
SpegdValueType meter per second
TempetatureValueType kelvin
TimeValueType second

A user defined characteristic type is defined in Characteristics.xsd for each of the defined unit types,
and the TargetValue in each of those is the corresponding value type.

The Units.xsd file uses optional attributes extensively in order that numbers appearing in instance
files do not require a lot of accompanying markup.

The derivation hierarchy of values with units is shown in
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Figure 72. The items shown after the type names are the attributes that are added in the type.
Attributes that may be used with a value with any type of unit in an instance file include the name of
the unit, the number of decimal places in the value, and the number of significant figures in the
value. If a value represents a measured value, it may also have attributes giving combined
uncertainty and mean error. All of these attributes are optional.

xs:decimal
SpecifiedDecimal Type — adds decimalPlaces, significantFigures

AngularValueType — angularUnit

AreavalueType — areaunit

ForceValueType — forceUnit

LinearDualValueType — linearUnit

LinearValueType — linearUnit

MassValueType — massUnit

PressureValueType — pressureUnit

SpeedValueType — speedUnit

TemperatureValueType — temperatureUnit

TimeValueType — timeUnit

UserDefinedUnitValueType — name of a UserDefinedUnitType

MeasuredDecimal Type — adds combinedUncertainty, meanError
MeasuredAngularValueType — angularUnit
MeasuredAreaValueType — areaUnit
MeasuredForceValueType — forceUnit
MeasuredLinearValueType — linearUnit
MeasuredMassValueType = MassUnit
MeasuredPressureValueType — pressureUnit
MeasuredSpeedValueType — speedUnit
MeasuredTemperatureValueType — temperatureUnit
MeasuredTimeValueType — timeUnit
MeasuredUserDefinedUnitValueType — name of a UserDefinedUnitTyp¢d

Eiglre 72 — Derivation hierarchy of values with units

The Units.xsd schemia file also includes a UserDefinedUnitType. The UserDefinedUnitValueType
and MeasuredUserDefinedUnitValueType may be used in an instance file in a user defined unit
characteristic;

6.15.2 Cohversions
The UnitConversionType has elements Factor and Offset. These are the parameters for a
conversion from non-Sl units to Sl units. To convert a non-Sl unit value X to an Sl unit value S, use

the equation: S = ((X plus Offset) times Factor). Figure 73 shows values of Factor and Offset for
common units. More precise values of some Factors may be needed in some applications.
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Angle conversion to radians

degree Factor=0.017453293 Offset=0
Area conversion to square meters

square inch Factor=0.00064516 Offset=0

square foot Factor=0.09290304 Offset=0

square millimeter Factor=0.000001 Offset=0
Force conversion to newtons

kilogram Factor=9.80665 Offset=0

ounce Factor=0.2780139 Offset=0

pound Factor=4.448222 Offset=0
Length conversion to meters

foof Factor=0_ 3048 Qffset=0

inch Factor=0.0254 Offset=0

millimeter Factor=0.001 Offset=0
Mass conversion to kilograms

gram Factor=0.001 Offset=0

ounce Factor=0.02834952 Offset=0

pound Factor=0.4535924 Offset=0
Pressure conversion to pascals

kilopascal Factor=1000.0 Of fise+=0

psi Factor=6894.757 Oof fset=0
Speed conversion to meters per second

feetPerSecond Factor=0.3048 Offset=0

inchesPerSecond Factor=0.0254 Offset=0

mmPerSecond Factor=0.001 Offset=0
Temperature Conversion to kelvin

Fahrenheit Factor=0.555555556 0Offset=459.67

Celsius Factor=1y0Q Offset=273.15

Rankine Factor=0.555555556 0Offset=0
Time conversion to second§

hour Facter=3600.0 Offset=0

minute Factor= 60.0 Offset=0

Figure“73'— Conversion of units

6.15.3 KileUnitsExample
Figure 74 shows a snippet‘ef an instance file containing a FileUnits element. The SIUnitName and

the UnitConversion elements are optional. In the snippet, the AngleUnit uses them but the
LinearUnit does notJThe snippet shows one entry in the OtherUnits and one entry in the
UserDefinedUnjts}
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<FileUnits>
<PrimaryUnits>

<AngularUnit>
<SIUnitName>radian</SIUnitName>
<UnitName>degree</UnitName>
<UnitConversion>

<Factor>0.017453293</Factor>

</UnitConversion>

</AngularUnit>

<LinearUnit>
<UnitName>inch</UnitName>

I Il
THReaFoRTT

ANSI/DMSC QIF 3.0 - 2018

<TemperatureUnit>
<SIUnitName>kelvin</SIUnitName>
<UnitName>Fahrenheit</UnitName>
<UnitConversion>
<Factor>0.555555556</Factor>
<Offset>459.67</0ffset>
</UnitConversion>
</TemperatureUnit>
</PrimaryUnits>
<OtherUnits>
<LinearUnit>
<UnitName>mm</UnitName>
</LinearUnit>
</OtherUnits>
<UserDefinedUnits>
<UserDefinedUnit>
<WhatIsMeasured>electrical\resistance</WhatIsMeasured>
<UnitName>ohm</UnitNameX
</UserDefinedUnit>
</UserDefinedUnits>
</FileUnits>

Figure 74 — FileUnits snippet

nstance File Example Using Units

Three snippets from aninstance file are shown in Figure 75. Assuming that the FileUnits shown in

Figure 7]

The first
becauss

4 is in the instance file, the snippets are all valid.

no decin

halplaces appear in “19”.

cylinder.has a diameter of 19 mm; the linearUnit mm is given explicitly. That is vali
mm is given as one of the OtherUnits. The decimalPlaces value of 1 is valid even

i
though

The second cylinder has a diameter of 2.53 inches. The diameter has no explicit linearUnit, but the
linearUnit for the diameter is implicitly inch because inch was given as the LinearUnit in the
PrimaryUnits of the FileUnits.

The nominal angularity characteristic has an angle of 10.00145 degrees, although only the first four
figures are significant. The angle has no explicit angularUnit, but the angularUnit for the Angle is

implicitly degree because degree was given as the AngularUnit in the PrimaryUnits of the

FileUnit

150

S.
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<CylinderFeatureDefinition id="62">
<Diameter linearUnit="mm" decimalPlaces="1">19</Diameter>
</CylinderFeatureDefinition>

<CircleFeatureDefinition id="72">
<Diameter>2.53</Diameter>
</CircleFeatureDefinition>

<AngularityCharacteristicNominal id="45">
<CharacteristicDefinitionld>42</CharacteristicDefinitionld>
<Angle significantFigures="4">10.00145</Angle>

6.16 Visualization.xsd
The Vistalization.xsd schema file defines types needed for visualizing products, including P
items. The file also includes data specifying views of a product.

Most of the information required for PMI visualization is in the PMLitem being displayed. The

should 4
Welding
model b
the visu
These it
visualiza

Visualiz

The top
Visualiz
has (1)
list of P

</AngularityCharacteristicNominal>

Figure 75 — Instance file snippets using units

e visualized is prescribed by ASME GD&T and ISO GPS related standards, and An
Society standards. However the placement of the PMkitem on a 2D drawing or in a
ased design is controlled by the user, as are the linés connecting the visualized PMI
hlized feature. Additional text may also accompany a PMI item and may use various
bms are what the Visualization.xsd schema.file defines. Any QIF application providir
tion should be capable of displaying PMI.from this visualization information.

htion and views are described in much more detail in subclause 6.16.

level type for displaying PMkitems is the VisualizationSetType, which is the type o
ationSet element of the ProductType as shown in Figure 76. The VisualizationSe)

NIDisplay elements.

ANSI/DMSC QIF 3.0 - 2018

M

way it
erican
3D
with
fonts.
g PMI

f the
tType

Fonts element that is\a/list of Font elements and (2) a PMIDisplaySet element that is a
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Figure 76 — VisualizationSet element
The Font elements are’of FontType. A FontType is described by Name and Size elementg as well
as an oftional Attrjbutes element. It also has attributes indicating whether the font is bold apd/or
italic andl/or underlined. Another attribute gives an index number for the font.
The PM|DiSplay elements are of PMIDisplayType. The elements of the PMIDisplayType include a
required Reference element that is the id of a PMI item to be displayed and the following optional

elements:

Attributes (user data)

Color

Plane

Texts

Leader (or one of 5 substitutes that are specialized types of leader)
WitnessLines

Frames

Graphics
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The Frames element is a list of Frame elements of type FrameType. The substitutionGroup of the

Frame element allows any of the following elements to appear in the list.
e FramecCircular

FrameFlag

FrameHexagonal

FramelrregularForm

FrameOctagonal

FramePentagonal

FrameRectangular

FrameTriangular

FrameWeldSymbol

The top [level type for specifying views is the ViewSetType, which is the type of the ViewSe
element|of the ProductType as shown in Figure 77.

________________

""""""""""" ion St |
(ViewSettype ([ :::::::::::::::::::""‘“ """

""""" RN S

: A g ade s s
:

________________

Figure 77 — ViewSetType

© IS0 2020 - All rights reserved 153


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

7 QIF Model Based Definition (MBD) information model

7.1 Foreword

The Quality Information Framework (QIF) information model was developed by domain experts from
the manufacturing quality (that is metrology) community representing a wide variety of industries
and quality measurement needs. Specifically for the QIF Model-Based Definition (QIF MBD) work,
contributors include:

® apvidia

*  Mitutoyo America

» National Institute of Standards and Technology
Drigin International Inc.

o

The bulk of the work on this clause was performed by the Complete and Accunate Model-Based
Definition (CAMBD) Working Group, approved and revised as needed by the) Quality Information
Framewprk (QIF) Working Group, and given final approval for ANSI review by the DMSC’s Quality
Management Systems (QMS) Committee.

7.2 Introduction
The QIH MBD information model defines an open, 3D model:based product definition (MBD]). The

model i independent of any CAD system. It includes a full,suite of formally modeled characteristics
(dimensjons, tolerances, etc.) and features, associated‘to a complete model of parts and
assemblies (topology, views, etc.) and metadata. Jt.Supports interchange of part and assemlply
models petween CAD systems and transfer of these models to downstream processes.

A QIF MBD instance file can replace a traditional 2D drawing or be used together with a drawing.

QIF MBD defines a digital data format-toconvey part geometry (typically called the "CAD madel")
and infoymation to be consumed by.downstream manufacturing quality processes, about the
essentigl characteristics of the product. Information defined in a QIF MBD model is more usgful than
is possiltle on a 2D drawing.( For example, each product manufacturing information (PMI) object

can havge associated geometry, thereby conveying information to downstream processes. PMI
objects include, but are not limited to: dimensions, geometric tolerances, datums, and datum
referende frames.

The QIH MBD data format defines manufacturing information to form a "digital bridge" conngcting
CAD pracesses for product design and downstream manufacturing quality processes that generate
physicallpreducts. The QIF MBD data model provides a vendor-neutral format and ensures that
software solutions that support it, by either writing or reading QIF instance files, can exchange
manufacturing quality data efficiently and accurately.

7.3 Scope

7.3.1 Contents of this clause

This standard defines the QIF MBD data model for a portion of the QIF manufacturing quality
information model focused on model-based definition and designated as QIF MBD. QIF MBD
defines a digital data format to convey part geometry (typically called the "CAD model") and
information to be consumed by downstream manufacturing quality processes. The QIF MBD model

154 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

consists of definitions for data types, elements, the logical relationships between them, and the
semantics of the quality information. The QIF MBD model is defined using the XML Schema
Definition Language (XSDL). The QIF MBD model is a digital data exchange mechanism that can
be easily incorporated in software developed by commercial solution vendors that implements
manufacturing quality systems.

The top level of the QIF MBD model is defined in the QIFApplications/QIFDocument.xsd XML
schema file. That file includes, directly or indirectly, all of the 15 XML schema files in the QIF Library
(the QIFLibrary dlrectory) An XML instance f|Ie descrlbmg a model-based definition with PMI will
contain i IF
schemalfiles, particularly QIFApplications/QIFProduct.xsd, QIFlerary/Characterlstlcs xsdf
QIFLibrary/Features.xsd. Clause 7 describes primarily the CAD model and assembly model
embodigd in QIFApplications/QIFProduct.xsd, QIFLibrary/Topology.xsd, and
QIFLibrary/Geometry.xsd.

XSDL also supports the definition of rules and validation checks of QIF instance files. Almost all of
these check that a connection made by reference to an object that is supposed to be of a pdrticular
type dogs, in fact, reference an object of the correct type. Hundreds ofthese are included infthe
overall QIF model, and most of them are applicable to QIF MBD inStance files. This clause
describgs these only briefly.

7.3.2 QIF MBD Information Model Application ArchiteCture

The QIH MBD model is designed to support transfer of«tnodel-based definition information bgtween
a variety of types of applications as shown in Figure;78. Systems that can generate QIF MBD files
are shown on the left, and systems that can consume QIF MBD files on the right.
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Legend: ‘ Data with semantic PMI R —— ‘

‘ Data without semantic PMI ———= ‘

GENERATORS CONSUMERS

CAX System A:
parametric geometry
with semantic PMI

CAX system Bl /

CAX System C

A CAX 9
able to ¢

CAX syq

QIF-enalbIed will be able to output-a QIF MBD file containing a product definition without PM|.

Althoug

Output f
which wi

Once a

. Quatity
parametric geometry Planning System

no semantic PMI

! CAX system B2: QIF MBD Inspection
| mesh data file :
:, ‘ o semantic PMI 7 Execution System. .
't‘ i CAX system B3, scanner: Statistical
‘\ point clouds Analysis System
no semantic PMI ~
al Semantic PMI Reverse Engineering
assignment system System

Figure 78 — Workflow-ef QIF MBD Information

ystem such as System A in Figure-78 that has semantic PMI and is QIF-enabled will be
utput a QIF MBD file with semantic PMI.

tems such as Systems B1/B2/B3 in the Figure 78 that do not have semantic PMI arnd are

QIF MBD is designed to include PMI, it is not required.

fom Systems B1/B2/B3 may be fed into a QIF-enabled semantic PMI assignment sylstem,
buld be able/fowrite a QIF MBD file containing the product definition with semantic PMI.

PDIF MBD-file is generated, by whatever means, it may be fed into any QIF-enabled $ystem.

QIF ena

pled"CAX System C can read QIF MBD flles If System C fuIIy supports semantic PMI, then
o 1 Fefinition

without PMI from QIF MBD flles Thus QIF MBD enables CAD to- CAD transfers

A QIF-enabled Quality Planning System can read QIF MBD files. If it does high level planning (the
plan specifies only what to inspect), it may only need the PMI stored in a file. If it does low level
planning (the plan specifies what and how to inspect) it may need all the information in the file.

Other Q

systems,

the PMI

156

IF-enabled quality systems, such as inspection execution systems and statistical analysis
will be able to consume a QIF MBD file, produce graphical displays for the user, and use
for calculations.
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QIF MBD was designed for the uses described above. QIF MBD files may have additional uses,
which are not defined here.

7.4 QIF MBD information model requirements

All CAD systems generate models of the nominal shape of products. Designers and/or
manufacturing quality experts add information to the nominal shape information to instruct
downstream manufacturing quality functions how to perform actions. This combination of
information is called Product Definition with Product Manufacturing Information (PDPMI).

The basjc requirement of QIF MBD is that it must be able to represent PDPMI. The QIF MBIj) model
must be|able to capture the product definition information coming from a CAX authoring-system.

The QIH MBD model must also be able to capture the PMI that comes from the CAX -authoripg
system.

A second requirement is that the QIF MBD model must represent PMI in a ferm that can be
consumed by downstream application software. That is, the representationmust be able to
graphically present the PMI. The representation must also enable proecessing the PMI withouit
graphical presentation of it. Being able to display the PMI is essential for human use. Being fable to
use the PMI without graphical presentation is essential for comguiter use.

Many prpducts are assemblies of parts. A third requirement.of the QIF MBD model is that it be able
to represent assemblies.

The repfesentation of PMI used in QIF MBD is described in Clause 5, Clasue 6, and Clause|7 of the
standard as well as in the XML schema files containing the formal model. This Clause of the
standard focuses on the representation of the definition of the nominal shape of a product and the
represemtation of assemblies.

7.5 Overview of the produ¢t data model
7.5.1 Design principles

QIF defines a complete @and unambiguous model structure implementing a clear and efficient way
for reprgsenting simple parts and complex assemblies.

QIF prodiuct definition implements Boundary Representation (BREP) — a method for defining
shapes psing.their boundaries. A distinctive characteristic of Boundary Representation is the clear
separatipn/of the shape definition data in the following two types: topology and geometry.

Topologly defines the relationship between the geometric entities that can be linked together|to
produce complex shapes. In contrast to the geometry, topology does not consider the metric

properties of objects. Geometry defines the shape of the model entities, independent of their
topological relationships.

The QIF data model supports two modeling concepts — exact modeling (with use of one global
model tolerance) and tolerant modeling (the model tolerance can vary from one entity to another). In
both cases, the tolerance concept applies to the numerical accuracy of numbers in the file. This is
distinct from the tolerance concept in PMI, which applies to manufacturing tolerances.
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QIF geometric objects can be categorized in different ways. The most natural way is to separate
objects by dimension: zero-dimensional (points), one-dimensional (curves) and two-dimensional
(surfaces) objects.

In order to avoid any potential interoperability issues, the QIF data model defines all geometric
entities explicitly. No entities such as blends, which can be interpreted and implemented differently
by different systems, are allowed.

QIF supports a hybrid model representation allowing data of different natures within one model. This
includes items such as parametric, mesh, and point cloud data.

For any [model entity, a variety of traditional CAD attributes can be specified (such as: colar)|label,
layer, vigibility status, etc.) with possible arbitrary extensions implemented as user-defined
attributes.

7511 Binary data blocks

To storel binary data blocks in an xml file the Base-64 encoding is used;.itis implemented ag one of
the stangdard xml types, xs:base64Binary.

In QIF there are two application areas where the binary data can‘be used.
The firstfuse is one type of user-defined attributes (AttributeUser) - BinaryDataType.

The secpnd use of binary data is for providing an alternative, more efficient and compact waly of
storing large amounts of simple-type data such as 3Dpoints. This noticeably reduces file size and
significantly increases file parsing speed. These two factors can be crucial in working with suich
objects as point clouds or tessellated data.

The BingryDataType represents a Base64:encoded arbitrary binary data block. For base64Binary
data, the entire binary stream is encoded using the Base64 Alphabet in RFC 2045.

Fields of BinaryDataType:

Field|Name Data Type Description
<body> Xs:base64Binary The binary data encoded in the Base-64 format.
@count xs:unsignedint The count attribute shows the size of the binary block in lpytes.
Example:

<Edge id="459">
<Attributes count="3">
<!-- A user defined attribute STD02 - 14 bytes of binary data -->
<AttributeUser name="STD02" nameUserAttribute="T1">
<UserDataBinary n="14">
Cc2FtcGx1IHNOcmluZwA=
</UserDataBinary>
</AttributeUser>
</Attributes>
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</Edge>
The fields where the binary alternatives can be used are shown in the table below. The
corresponding non-binary field names are the same but without the "Binary" suffix.

Field Name (binary array) Array Element Type
Nurbs12CoreType/CPsBinary 2D point (pair of doubles)
Nurbs13CoreType/CPsBinary 3D point (triplet of doubles)
Nurbs23CoreType/CPsBinary 3D point (triplet of doubles)
Polylind12CoreType/PointsBinary 2D point (pair of doubles)
Polylind13CoreType/PointsBinary 3D point (triplet of doubles)
PathTrigangulationCoreType/EdgesBinary Pair of integers
MeshTrjangleCoreType/TrianglesBinary Triplet of intégers
MeshTrjangleCoreType/NeighboursBinary Triplet of integers
MeshTrjangleCoreType/VerticesBinary 3D%oint (triplet of doubles)
MeshTrjiangleCoreType/NormalsBinary 3D unit vector (triplet of doubles
MeshTrjangleType/NormalsSpecialBinary sgisnifr(]fr?pilr;eogfe(;’otgii?(:"d byte and 3D
FaceMdshType/TrianglesBinary Unsigned integer
FaceMdshType/TrianglesVisibleBinary Unsigned integer
FaceMdshType/TrianglesHiddenBinary Unsigned integer
FaceMdshType/TrianglesColorBinary Triplet of unsigned bytes
PointClpudType/PointsBinary 3D point (triplet of doubles)
PointClpudType/NormalsBinary. 3D unit vector (triplet of doubles
PointClpudType/PointsVisibleBinary Unsigned integer
PointClpudType/PointsHiddenBinary Unsigned integer
PointClpudType/PointsColorBinary Triplet of unsigned bytes
ValidatipnPointsType/PointsBinary 3D point (triplet of doubles)
ValidatipnPointsType/DirectionsBinary 3D unit vector (triplet of doubles
Polyline2dType/PointsBinary 2D point (pair of doubles)
Triangulation2dType/VerticesBinary 2D point (pair of doubles)
Triangulation2dType/TrianglesBinary Triplet of integers

Table 4 — Binary Arrays
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Array

Element Type Binary Representation Bytes Endian

ness

double

IEEE 754-2008 binary64 double precision
floating point format.

8 Little-endian

integer

32-bit integer 4 Little-endian

unsigne

d integer 32-bit unsigned integer 4 Little-endian

unsigne

d byte 8-bit unsigned integer 1 Little-endian

The Arrd
binary s

Fields o

Table 5 — Binary Representation

yBinaryType represents an array of Base64-encoded binary elements. For-data the
ream is encoded using the Base64 Alphabet in RFC 2045.

ArrayBinaryType:

entire

Field Name Data Type Description

<body>

xs:base64Binary Binary data encoded in Base<64 format.

@count

The count attribute shows how many elements are pres

xs:unsignedint .
g this array.

entin

@sizeEl

The sizeElement attribute shows the size (in bytes) of o
ement xs:unsignedint element storediin'the array. The total size of the binary
can be calculated as: n*sizeElement.

he
array

Examplé:

<!-- Bil
<Point(
<Poir
ANWY

Pch

x8(

tOf

mXW

PMA

Ccl4

tJd

a0d

0817

nary -->

loud id="3">

tsBinary count="31" msdZeElement="24">
UzdaTPcD9///9B/QzwexH+CR2WKypAZHIAwWOx0PCAFAADWH+gzwAZaS+jAVipAWMzZMQ1 ]
FAADKROwWzWBSAABAZgSPASZEQ3jI2PcAJAACAL9AZWIVQXKIHqypALfJtijiIXPcD+//
zwHkvoSO0+1CpAoSmZASSX4PMAMAABQHrkzwPf//3/Y/CpAalOMCDVZPMAEAABShaOzwAl

uDO58PMDy/ /8YGIszwFh7CWOxmStAiKxzi09ePMD+//+ZvX8zwCvaS/jGvitAWmZmSs)
MAACAcCnQzWPEL////D4dytAdGSAFUshPMAMAADWNmMk zwInQXj IpCCxAVGgvEeUCPMATAA
zwGMvoT33KyxAJTMz 0ZHKO8AKAACL 7VIzwAMAANAUTyxAn4a/TVHGOSAAAARALE CzwWP]
QcSxACCPrfi0o08D2//+d4TwzwLSE9kLdkyxAw8zMXAiKO8D1//9v8jEzwPT//39VtLS3
73/9pO8AIAABgEi1czwC97Cf0511xALEYN/wl1O0O8ACAACAQRWZWBNaS2iL9ixAoJmZzsy)
IAACMExXEzwPX//29KF1i1ADv429VUSO8AKAADQZAY zwK/QXsJ3NS1AEFX8u5f00sD2//

KPy

WICtAbLYpRwW20GPMAOAAAA /KEZWKOEOhI6TCLtA9P//cZ+bPMD7//9NgpYzwP7//68Ccyt

LV
F
[m
A
1/
Q
Il
KA
fw
X

WwFEvoQQUVC]ADgAAAOZWOSAOAAAA] PERYWAAAAAAQCTTIASSBZUVKS0sAJAADUDeCcywPA

1

tEecjylAQlced4MubOsANAACWltwywMeE9pKJIrClAXmZmbFd+OsAIAAAGLtIywASAAJDoyClA
NQ9IVvVgOSAFAACAIMcywE97Ce255C1A8xLalavD0OsDz//91ib0ywAXaS1lj+/y1ANDMzI2gm
OsD4//8PTbMywBoAAIC2Gi5AWZFq9jwIOSACAABCH6kywIvQXhLjNC5A
</PointsBinary>
</PointCloud>

<l-- Text —-->
<PointCloud id="3">
<Points count="31">
-29.5774901557852 -19.9532469511032 13.0853280138086
-29.4552728087814 -19.9067373275757 13.1694405167191
-29.3333474874496 -19.8604704141617 13.2523427009583
-29.211713720251 -19.8144454956055 13.3340397587529
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-29.0903710356465 -19.7686618566513 13.4145368823299
-28.9693189620972 -19.7231187820435 13.493839263916
-28.848557028064 -19.6778155565262 13.5719520957382

-28.7280847620081 -19.6327514648438 13.6488805700231
-28.6079016923904 -19.5879257917404 13.7246298789978
-28.4880073476721 -19.5433378219604 13.799205214889
-28.368401256314 -19.4989868402481 13.8726117699235
-28.2490829467773 -19.4548721313477 13.9448547363281
-28.130051947523 -19.4109929800034 14.0159393063298

-28.0113077870122 -19.3673486709595 14.0858706721553
-27.8928499937057 -19.3239384889603 14.1546540260315
-27.7746780960648 -19.28076171875 14.2222945601852

ISO 23952:2020(E)
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_2'
_2'
_2"
_2"
_2"
_2"
-2
-2
-2
-2
-2
-2
-2
-2
-2
</Pol
</Point

.6567916225504 -19.2378176450729 14.2887974668432
.5391901016235 -19.1951055526733 14.3541679382324
.4218730617453 -19.1526247262955 14.4184111665796
.3048400313766 -19.1103744506836 14.4815323441117
.1880905389786 -19.068354010582 14.5435366630554
.0716241130122 -19.0265626907349 14.6044293156377
.9554402819386 -18.9849997758865 14.6642154940852
.8395385742188 -18.9436645507813 14.722900390625
.7239185183137 -18.9025563001633 14.7804891974838
.6085796426844 -18.8616743087769 14.8369871068884
.4935214757919 -18.8210178613663 14.892399311065,7
.3787435460974 -18.7805862426758 14.9467310022495
.2642453820617 -18.7403787374496 14.9999873726456
.150026512146 -18.7003946304321 15.052173614502
.0360864648113 -18.6606332063675 15.1032949200383
nts>

Cloud>
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“Z AttributeBoolType

“2 AttributeD1Type

‘\-/_i Attributell ;‘Tb.lpn

All entity attributes,contain the following fields:

“Z AttributeBaseType D Attributel2Tyfe

Figure 79 — Entity attributes

“Z AttributeD3Type

2 Attributel1 Type

D Attribotel3Type
G AttributeQPIdType

“ AttributeStrType

“ AttributelserType

Fiel|d Name Data Type Description
I Tlo £l FRT dborl . o Tlos :
@name XS-Strin i Tiaric UT UIT THILLy attlrmioutc. T1ins maric o d Ullque
) & identifier of an attribute within the entity.

7.5.1.2.1 Boolean entity attribute

The AttributeBool describes an entity attribute of Boolean type.

Fields:

Field Name

Data Type

Description

162
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Value

xs:boolean

The Boolean value.

Example:

<AttributeBool name="bool attr" value="1"/>

7.5.1.2.2 Double entity attribute
The AttributeD1 describes an entity attribute of double type.

Fields:
Field Name Data Type Description
@value xs:double The double value.
Examplé:
<AttriputeDl name="Dl attr" value="-12.230243"/>

7.5.1.2.3 Pair of doubles entity attribute

The AttributeD2 describes an entity attribute of ‘pair of doubles’ type.
Fields:
Field Name Data Type Description
@value D2Type The pair of double values.
Examplg:
<AttriputeD2 name="D2 gttr" value="223.13 -34.244"/>

7.5.1.2.4 Triplet of doubles entity attribute

The AttributeD3 desgribes an entity attribute of ‘triplet of doubles’ type.
Fields:
Field Name Data Type Description
@value D3Type The triplet of double values.
Example:

<AttributeD3 name="D3 attr" value="23.434 -0.927 37.321"/>

7.5.1.2.5 Integer entity attribute

The Attributell describes an entity attribute of integer type.
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Fields:
Field Name Data Type Description
@value xs:integer The integer value.
Example:

<AttributeIl name="int attr" value="1987"/>

7.5.1.2.6 Pair of integers entity attribute
The Attributel2 describes an entity attribute of ‘pair of integers’ type.

Fields:
Field Name Data Type Description
@value 12Type The pair of integer values.
Examplé:

<AttriputeI2 name="I2 attr" value="223 -34{/>

7.5.1.2.7 Triplet of integers entity attribute
The Attrjbutel3 describes an entity attribute of ‘triplet of integers’ type.

Fields:
Field Name Data Type Description
@value I13Type The triplet of integer values.
Examplg:

<AttriputeI3 nghe="I3 attr" value="323 -92 373"/>

7.5.1.2.8 QRId entity attribute
The Attr|btiteQPid describes an entity attribute of QPId type.

Fields:
Field Name Data Type Description
Value QPIdType The QPId value.
Example:

<AttributeQPId name="gpid attr">
<Value>4b6lec75-ab3c-4129-b88a-d%2eed15322</Value>
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</AttributeQPId>

7.5.1.2.9 String entity attribute
The AttributeStr describes an entity attribute of string type.

Fields:
Field Name Data Type Description
@value xs:string The string value.
Examplg:

<AttriputeStr name="str attr" value="Value of string attribute"/>

7.5.1.2.10 Custom entity attribute

The AttrjbuteUser defines a user-defined entity attribute that contains a binary array or any yser-
defined ptructured XML data.

Fields:

Figld Name Data Type Description

The name.of user-defined attribute type. The structurg of the
user-defined attribute can be identified by this name.
UsérDataXML element: each element is a user-defined| XML
element from any namespace that is not the target
namespace. The XML processor will validate elements |f the

@namgUserAttribute | xs:string

UserDataXML Xs:any corresponding schema is present, if the schema is not
or or present, no errors will occur.
UserDataBinary BinaryDataType

or

UserDataBinary element: a binary block of user data.

Example 1: attribute with user defined XML content:

<AttributeUser name="user attr" nameUserAttribute="user type structure">
<UserDataXML>
<Structure xmlns="http://userschema.org">
<TextField>Some text</TextField>
<IntegerField>2332</IntegerField>
</Structure>
</UserDataXML>
</AttributeUser>

Example 1: user defined XML schema:

<?xml version="1.0" encoding="utf-8"7?>
<xs:schema
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xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns="http://userschema.org"
targetNamespace="http://userschema.org"
elementFormDefault="qualified"
attributeFormDefault="unqualified"
version="1">
<xs:complexType name="StructureType">

<xs:sequence>
<xs:element name="TextField" type="xs:string">
</xs:element>
xs:element name="IntegerField" type="xs:integer">
/xs:element>
</Ks:sequence>
</xs|:complexType>
<xs:plement name="Structure" type="StructureType"/>
</xs:schema>
Exampl¢2: attribute with binary content:
<AttrifuteUser name="user attr" nameUserAttribute="wser type image">
<UseygDataBinary n="240">
1VHBORWOKGgoAAAANSUhEUgAAACAAAAAUCATIAAAB]86gYARAABMILROQAAAAARAADSQT7L/AAAA
CXBIWXMAAATEAAAOXAGVKWALAAAAKEIEQVRANOZ2RyxGATIAWFqYd6gIldegqId6PChMIDFBPgPx
xJ40OH1kTzKGMGQOXesgVDEhIEZyrWx+d4 9LY fEFOBXFuvQME6FS50hgqZzZFaR2ABfYaV54R8%4K
514SDQEZUboASdylgnKMwV4AHWp6K4p9cifxx74ASPTWigrgAj4gN4QMBfeR+LVZzDrMUJK7IF
Q9QFJ99Bg+037n7tAAAAAELIFTkSuQmCC

</UsdrDataBinary>

</AttributeUser>

7.5.2 (Geometry

QIF geometry defines the shape.of the model entities and includes the subtypes shown in Figure

80.
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<2 PointEntityType

Cf‘j Curvel2BaseType

CE:,’ Curvel3BaseType

CE;’ NodeBaseType

% NodeWithIdBaseType

CE;’ GeometryBaseType CE;’ SurfaceBaseType

Q‘,j PathTriangulationTyp

Cf‘j MeshTriangleType

Figure 80 — Geometry Types

All geonpetric entities contain the following fields:

w

Field Name Data Type Description
@id QIEIdType The unique model entity identifier.
The model entity "nameplate". Normally it
@label xs:string can be seen at the entity item in the model
tree.
Attributes AttributesType User defined attributes (typified, binary

array, or XML structured).
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The Point describes a point in 3D space. It is normally used as underlying geometry for vertices.

Figure 81 — Point

Fields:
Field Name Data Type Description
e The Caftesian three-dimensional coordinates
XYZ PointSimpleType of the:3D point.
Examplé:
<Point| 1d="200">
<XY7ZpP-0.2032 -0.0666 -0.0684</XYZ>
</Poinft>

168
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7.5.22 2D Curves
This chapter describes curves defined in 2D space, curve(t):R1 2> R2, where
¢ R1is curve parameter space - the 1D real number space, where each point is defined as a

single coordinate (t)
o R2is the two-dimensional Euclidean space, where each point is defined as a coordinate pair

(u, v).
The correspondence between 1D parameter space and 2D Euclidean space is illustrated in Figure

82.

T
-=p

//-W)\/

Ps o °
%2 o !

0 Domain, t Domain, t

Figure 82 — 2D Parametric Curve

All types of 2D curves are derived from Curvel2BaseType as shown in Figure 83.
Q‘:} Segment12Type
42 ArcConici2T{pe

Cﬁﬁ ArcCircular1 2ype

[°]

Q‘;ﬁ NpdeBaseType 4=V ' Cﬁi NodeWithIdBaseType Cﬁﬁ GeometryBaseType Cﬁj Curvel2BaseType Q‘;ﬁ Nurbs12Tyy]

2 spline12Ty,

i

Q;j Aggregatel12Type

Cﬁﬁ Palyline12Type

Figure 83 — 2D Curves Types

All 2D geometric curves are represented using a geometric core and a "wrapper" that includes an id
for referencing.
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The domain of every 2D curve is given in the domain attribute of the core, which is required.
The turned attribute of 2D curves is optional. If it does not appeatr, its default value is false.
2D curves are normally used to define a trimming curve in the parametric space of a surface.

All 2D curves contain the following fields:

Field Name Data Type Description

{Curve}/{Curve}Core {Curve}CoreType The curve core.

The domain of the parameter space of the
curve.

{Curve}f{Curve}Core/@domain ParameterRangeType

7.5.2.2.1 Segment
Segmentl2 describes a linear segment in 2D space as shown in Figure 84.

—e
. EndPoint
StartPoint t=1
t=0

Figure 84 — 2D_Segment
A linear [segment is defined and positioned in 2D-space with start and end points.

Function:

Jegment12(t): Ry = R,

Jegment12(t) = StartPoint+ t(EndPoint — StartPoint), t €[0,1]

Fields:

Field Name Data Type Description
Segmer|t12Core/StartPoint Point2dSimpleType The beginning point of the linear segment.
Segmer|t12Core/EndPoint Point2dSimpleType The end point of the linear segment.

Example:

<Segmentl2 id="350">
<Segmentl2Core domain="0 1">
<StartPoint>10.1 -2431.7</StartPoint>
<EndPoint>34.1 4542.4</EndPoint>
</Segmentl2Core>
</Segmentl12>

7.5.2.2.2 Polyline
Polylinel2 describes a polyline in 2D space as shown in Figure 85.
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— T

Pointy_,;
Point, t=N-1
=0
Figure 85 — 2D Polyline
A polylirfe is defined as a series of connected linear segments.
Function):
Rolyline12(t): Ry » R,
Rolyline12(t) = Point; + (t — i)(Point;,, — Point;)
e [i,i+ 1], i €[0,N—2], N — number of points
Fields:
Field Name Data Type Description
Polylind12Core/Points ArrayPoint2dType
or or The array of 2D polyline points.
Polylind12Core/PointsBinary ArrayBinaryType

Examplé:

<Polyllinel2 id="32">
<Poljylinel2Core domain="0 4>
<Ppints n="5">
1.2 11.5
4.1 13.
7.3 16.
3.9 23.
9.2 29.
</lPoints>
</Pollylinel2@ore>
</Polyflinel2>

oo U1 N Ol

© IS0 2020 - All rights reserved 171


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

7.5.2.2.3 Circular Arc Curve
ArcCircularl2 describes a circular arc in 2D space as shown in Figure 86 and Figure 87.

7N .
.~ t=Domain,
N

’

\
\\\ >:_ .
Q - _ .
N __——""\t=Domain,
AN - 1
N - 1
\ - 1
N = i
:’_—.— _________ *—-
Center DirBeg 't=0

Figure 86 — 2D Circular Arc

N .
,~" t'= Domain,

’

e

N -
N -
N - \
N - \
\ - \
Ny -7 |
Center S — *—-
DirBeg 1t=0
I
T
=)

Figure 87 — 2D Circular Arc (turned)

A circular arc is defined as a portion of a circle.

Function:

ArcCircular12(t): R{ » R,

ArcCircular12(t) = Center + Radius(cos(t) DirBeg + sin(t) DirY)
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—DirB
.lr egy] , turned = false
Diry = DirBeg,
DirBeg,

_ DirBegx] , turned = true

where tisinradians,t € (—o0,+0)

Fields:

Field Name Data Type Description
ArcCira*lIar12Core/@turned Xs:boolean This tlag shows It the curve Is turned,
ArcCircuInIarlZCore/Radius xs:double The arc radius.

ArcCich:IarlZCore/Center Point2dSimpleType The center of arc.
ArcCirctilar12Core/DirBeg UnitVector2dSimpleType I::g:iﬁl\;ic;?; representing the beginrling of

Exampl¢:

<ArcCifrcularl?2 id="10">
<Arcfircularl2Core domain="0 3.1415926">
<Rhdius>10.2</Radius>
<Center>1.4 6.7</Center>
<DirBeg>0.0 1.0</DirBeg>
</ArfcCircularl2Core>
</ArcClircularl2>

7.5.2.2.4 Conic Arc Curve
ArcConifl2 describes a conic arc in 2D spage as shown in Figure 88 through Figure 93.

t = Domain,

Figure 88 — 2D Conic Arc (form = PARABOLA)

© IS0 2020 - All rights reserved 173


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

|

|

| _ .

| t = Domain,
|

l-\_r\ H
- L\ UUIIIGIIIl

\| J_---"" DirBeg _______ i
Center v J}t =0
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Figure 91 — 2D Conic Arc (form = ELLIPSE, turned = true)
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Figure 92 — 2D Conic Arc (form = HYPERBOLA)

/

7/
/@i i
,/pt="Domaing

— —h—

“Hyperbola(t’)

T

. . — — triin)
4%%%%&%%%@%% troty

A conic arc is defined as a portion of a conic curve. The conic curve can have one the following
forms: an ellipse, a parabola, or a hyperbola.

Function:

ArcConic12(t): Ry = R,

ArcConicl12(t) = Center + x(t)DirBeg + y(t)DirY
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| ;ttz , form = PARABOLA
[" (t)] _ _Acf’s(t)], form = ELLIPSE
y(t) | Bsin(t)
AVt fZ/BZ], form = HYPERBOLA
L t
—DirBe
. gy], turned = false
. DirBeg,
biry = DirBeg
. Y ] turned = true
=DirBeg,]
| € (—0,+0)
Fields:

Field Name Data Type Description
ArcConic12Core/@form ArcConicFormEnumType | The form of the conic arc.
ArcConic12Core/@turned xs:boolean This flag showsif the curve is turned.

Ellipse: the major radius of the arc.
ArcConic12Core/A «s:double Parabola: the coefficient “A”.

Hypérbola: the semi-axis (the distance from
the center to the extreme point).

Ellipse: the minor radius of the arc.
ArcConic12Core/B xs:double Parabola: the coefficient “B”.
Hyperbola: the implicit parameter.

ArcConic12Core/Center Point2dSimpleType The center point.

The unit vector representing the beginning of

ArcConic12Core/DirBeg UnitVector2dSimpleType the conic arc.

Examplg:

<ArcCopnicl?2 id="123">
<Arcfonicl2Core £f£&rm="PARABOLA” domain="-0.2 3.5”>
<Ap4.5</A>
<Bp3.1</B>
<Cknter>1333 -43.2</Center>
<DirBegx3,)0 0.0</DirBeg>
</ArkcConisl2Core>
</ArcCpnlcl2>

<ArcConicl?2 id="123">
<ArcConicl2Core form="ELLIPSE” domain="”10.3 18.9” turned="1">
<A>14.2</A>
<B>33.1</B>
<Center>63.7 -34.0</Center>
<DirBeg>1.0 0.0</DirBeg>
</ArcConicl2Core>
</ArcConicl2>

<ArcConicl2 id="123">
<ArcConicl2Core form="HYPERBOLA” domain="1.2 7.0">
<A>14.5</A>
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<B>30.1</B>
<Center>0.3 3.2</Center>
<DirBeg>1.0 0.0</DirBeg>
</ArcConicl2Core>
</ArcConicl2>
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7.5.2.2.5 Spline Curve
Splinel2 describes a spline curve in 2D space as shown in Figure 94.

Polynomials;
Polynomials,

Polynomialsy
\ t = Knots,
t = Knots, = Knots‘,r1

<= KAGTS,
t = Knots, t= K“OtSN 1

Figure 94 — 2D Spline Curve
A spline[curve is defined as a sequence of parametric polynomial segments:

Function:
Ipline12(t): R, > R,

Degreey

PIRCRNCS!
x(t)

— i=0
y (t) De greep

ck !
| ZO €Oy )

(P

plinel2(t) = [

N — number of polynomials

—~

/ = number of knots — 1

Goefficients = {C°, . CN ™1}

n — index of polynomials

¢? = {cg ... cDegreep}, Degree, = Orders, — 1

t, — parameter of polynomials p

(I I Licod £1
t E I_l\ILUL.)p, l\ILULOp+1J, roriritittZcu — j Uutooc
14 .
[0,1 normalized = true
t — Knotsy, Normalized = false
t, = .
P (t — Knotsy)/(Knots,,, — Knots,), Normalized = true

te [Knotsp,l(notsp+1], p€[0,N —1]

Fields:

Field Name Data Type Description
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Spline12Core/@normalized

xs:boolean

This flag shows if the curve is normalized.

Spline12Core/Knots

ArrayDoubleType

The spline breakpoints.

Spline12Core/Orders

ArrayNaturalType

The orders of the polynomial segments. The order is
‘the degree of the polynomial’ + 1. The size of this
array is ‘the number of spline breakpoints’ — 1.

Spline12Core/Coefficients

ArrayPoint2dType

The coefficients of the polynomial segments are
pairs. For each segment the number of coefficients is
equal to the order on this segment. The total size of

this array is the sum of all orders.

Examplé:

<Splin
<Spl
<K

</
<O

</
<C

</
</Sp
</Spli

12 1d="302">
inel2Core domain="0 2”>
nots n="3">

0 1 2

Knots>

rders n="2">

4 4

Drders>
befficients n="8">
87.5 237.5

14.0625 -7.8125

0 0

-1.5625 1.5625

100 231.25

9.375 -3.125
-4.6875 4.6875
1.5625 -1.5625
Coefficients>
linel2Core>

nel2>
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7.5.2.2.6 NURBS Curve
Nurbs12 describes a NURBS curve in 2D space as shown in Figure 95.

Control polygon

,,',_7_7_7__*—7—‘\
/ \\\
% ]
N, CPs, 4
CPsq t = Knots, .,
t = Knots,

Figure 95 — 2D NURBS Curve

A NURBS curve is a freeform curve built on the B-spline basis functions and defined by its ofrder (=
degree t 1), a knot vector (an increasing sequence of real numbers which divides the parametric

space in the intervals called knot spans), and an array of control points with an optional set ¢f
associated weights (positive real numbers). If the weights arernot defined or if the weights are
equal, the curve is a polynomial one (otherwise rational).

Function:

—~

Y urbs12(t): Ry = R,

n-1
Z , Ni,Degree (t)WeightSiCPSi
Jurbs12(t) = l=(;l_1

L

Ni,Degree (t) We ightsi

i=0
egree = Order — 1

N; ;(t) — the bsplinie basis functions

N o) = {1, t € [Knots;, Knots;;1)
LA N0, otherwise
t — Knots; Knots; —t
Noolt) = LN, () + et Nipypa(£)
il Knots;, — Knots; KNots; 11 — KNOTS;11 ™
t € [Knotsy, Knots,ke—1l, nKt — number of knots
nKt = n + Order, n — number of control points
Fields:
Field Name Data Type Description
Nurbs12Core/Order NaturalType The order (= degree + 1).
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The knot vector is an increasing sequence of real
Nurbs12Core/Knots ArrayDoubleType numbers. The size of the knot vector is “number of
control points” + “order”.
Nurbs12Core/CPs ArrayPoint2dType
or or The array of 2D control points.

Nurbs12Core/CpsBinary

ArrayBinaryType

Nurbs13Core/Weights

ArrayDoubleType

The array of weights associated with control points
(positive real numbers).

Example:

<Nurbs[l2 id="607">

<Nurpsl2Core domain="0 1">

<Order>3</0Orde
<Kpnhots N="10">

</Knots>

<CPPs N="7">
-386.61 —-44.
-386.61 -54.
-377.61 -49.
-368.61 —-44.
-377.61 -38.
-386.61 -33.
-386.61 -44.

</[Ps>

<Weights N="7"

</fleights>
</Nufrbsl2Core>
</Nurblsl2>

r>

00
39
19
00
80
60
00

>

0 0 0 0.33333333 0.33333333 0.66666667 0.66666667 1,971

10.510.510.51
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7.5.2.2.7 Aggregate Curve

Aggregatel2 describes an aggregate curve in 2D space as shown in Figure 96.

An aggr

Function:

N

N

4

o

l')omain{ := Domain; of SubCurves;, j€{0,1}

SubCurves;

turned
SubCurves, ,

SubCurves,
t= tNilbeg'\n

AN

ANSI/DMSC QIF 3.0 - 2018

=1 il
Nt =ty

t= tobeg'm =0 ~-

Figure 96 — 2D Aggregate Curve

bgate curve is a continuous curve defined as a sequence of oriented parametric sub

lggregatel12(t): Ry = R,
lggregatel12(t) = SubCurves;(t;)

€ [tibegm: t"]),  i€[0,N—1], N =@umber of subcurves

begin __ .1 .0
: = Z(domamj domalnj)

j<i

begin
end _ ti 9

I ¢ 2,0
i + (domain; — domain;)

-Curves.

_ (domain? £p = ¢7°9™), SubCurves; is not turned
a {domainil =(t- tl-begin), SubCurves; is turned
Fields:

Field Name Data Type Description
Aggregate12Core/SubCurves ArraySubCurvel2Type .(I:-vazzay of oriented sub-
Aggregate12Core/SubCurves/SubCurve/@turned | xs:boolean The orientation of sub-curve.

Example:

<Aggregatel2 id="419">
<Aggregatel2Core domain="0 4”">
<SubCurves n="4">
<SubCurve turned="1">

182

<Segmentl2Core domain="0 1”>
<StartPoint>-367.36 -214.75</StartPoint>
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<EndPoint>-367.36 -207.50</EndPoint>

</Segmentl3Core>
</SubCurve>
<SubCurve>

<Nurbsl2Core domain="0 17>

<Order>3</Order>

<Knots n="6">
000111

</Knots>

<CPs n="3">
-367.36 -214.75

ISO 23952:2020(E)
ANSI/DMSC QIF 3.0 - 2018

</
</Ag

</Aggr

7.5.2.3

-366.61 -214.75

-366.61 -214.75
</CPs>
<Weights n="3">

1 0.70710678 1
</Weights>

</Nurbsl2Core>

/SubCurve>

SubCurve>

<Segmentl2Core domain="0 1”>

<StartPoint>-366.61 -214.75</StartPoidt)
<EndPoint>-366.61 -207.50</EndPoint>

</Segmentl2Core>
/SubCurve>

SubCurve>

<Nurbsl2Core domain="0 1”>

<Order>4</Order>

<Knots n="10">
0 00 0 0.91406368 091406368 1 1 1 1

</Knots>

<CPs n="6">
-366.61 -207.50
-366.61 -207¢50
-366.88 -207:50
-367.29 «20%7.50
-367.33207.50
-367,36)-207.50

</CPs>
</Nurbsd2Core>
/SubGuyve>
SubCubkves>

bregatel2Core>
cagitel 2

3D Curves

This chapter describes curves defined in 3D Model Space, curve(t):R1-> R3, where

e R1is curve parameter space — the 1D real number space, where each point is defined as a
single coordinate (t)
¢ R3is model space — the three-dimensional Euclidean space, where each point is defined as
a coordinate triple (x, y, z) specified in a right-handed Cartesian coordinate system
The correspondence between 1D parameter space and 3D Euclidean space is illustrated in Figure

97.
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s @

0 Domain, t Domain, t

Figure 97 — 3D Parametric Curve

All typeq of model space curves are derived from Curvel3BaseType as'shown in Figure 98.
“t2 Segment13Type
“% ArcConic13Type
“£% ArcCircular13Type
“£2 NodqBaseType “#2 NodeWithIdBaseType 4 (‘ie_or;e:cr\;BaseType “t2 Curvel3BaseType <% Nurbs13Type
<2 Spline13Type

‘fz Aggregatel3Type

<2 Polyline13Type

Figure 98 — 3D Curve Types

All 3D geometric curves are represented using a geometric core and a “wrapper” that includes an id
for referencing.

The domain of every 3D curve is given in the domain attribute of the core, which is required.
The turned attribute of 3D curves is optional. If it does not appear, its default value is false.
The 3D curves are normally used as underlying geometry for topological edges.

All 3D curves contain the following fields:
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Field Name Data Type Description
{Curve}/{Curve}Core {Curve}CoreType The curve core.
{Curve}/{Curve}Core/@domain ParameterRangeType The domain of the parameter space of the

curve.

{Curve}/Transform

ElementReferenceType

The identifier of a three-dimensional
transformation matrix.
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7.5.2.3.1 Segment
Segmentl3 describes a linear segment in 3D space as shown in Figure 99.

—e
o EndPoint
StartPoint t=1

t=0

Figure 99 — 3D Segment
A linear [segment is defined and positioned in 3D space with start and end points.

Function:

Jegment13(t): Ry = R;
Jegment13(t) = StartPoint + t(EndPoint — StartPoint), t«eV0,1]

Fields:

Field Name Data Type Description

Segmer|t13Core/StartPoint | PointSimpleType | The beginning point of the linear segment.

Segmer|t13Core/EndPoint | PointSimpleType | The end\point of the linear segment.

Examplé:

<Segmentl3 id="350">
<Sepmentl3Core domain="0 1M>
StartPoint>10.1 -2431..7713.7</StartPoint>
EndPoint>34.1 4542 :4~34.4</EndPoint>
</Segmentl13Core>
</Segmentl13>

7.5.2.3.2 Polyline
PolylinelL3 describes a polyline in 3D space as shown in Figure 100.

o/_.\"—'/

Point,
Point, t=N-1

Figure 100 — 3D Polyline

A polyline is defined as a series of connected linear segments.
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Function:
Polyline13(t): Ry = R3
Polyline13(t) = Point; + (t — i)(Point;,, — Point;)

t €[i,i+1], i €[0,N—2], N — number of points

Fields:
Field Name Data Type Description
PolylindI3Core/Points ArrayPointType
or or The array of 3D polyline points.
Polylind13Core/PointsBinary ArrayBinaryType

Examplg:

<Polylliinel3 id="32">
<Pollylinel3Core domain="0 4">
<Ppints n="5">
1.2 11.5 10.
4.1 13.5 14.
7.3 16.2 17.
3.9 23.5 65.
9.2 29.8 84.
</lPoints>
</Pollylinel3Core>
</Polyllinel3>

DWW

7.5.2.3.3 Circular Arc Curve
ArcCircylarl3 describes a circular arc in 3D_space.

s L8 .
,/t=Domain,
N

’

\ >
N (o
© N __-="""t=Domain,

- \

Normal N 7 '

\ - _ X

Center DirBeg t=0
1

Figure 101 — 3D Circular Arc

A circular arc is defined as a portion of a circle as shown in Figure 101.

Function:

© IS0 2020 - All rights reserved 187


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 239

52:2020(E)

QIF MBD 3.0

ArcCircular13(t): Ry » R3

ANSI/DMSC QIF 3.0 - 2018

ArcCircular13(t) = Center + Radius(cos(t) DirBeg + sin(t) DirY)

DirY = Normal X DirBeg

where tis in radians, t € (—00,+)
Fields:
Field Name Data Type Description
ArcCirc+Iar13Core/Radius xs:double The arc radius.
ArcCirC\IJIar13Core/Center PointSimpleType The center of arc.
The unit vector representing-the beginnihg of
ArcCirctilar13Core/DirBeg UnitVectorSimpleType | the circular arc. The DirBegmust be
perpendicular to the Normal.
. . . Th | of the pl herein the cirqul
ArcCirctlilar13Core/Normal UnitVectorSimpleType | . © nF)rma 0T the Knhe wherein the cirquiar arc
is defined.
Examplé:
<ArcCijrcularl3 id="10">
<ArcfCircularl3Core domain="0 3.1415926">
<Rpdius>10.2</Radius>

<C

<D

<N|
</Ar
</ArcC

enter>1.4 6.7 9.0</Center>
i rBeg>1.0 0.0 0.0</DirBeg>
ormal>0.0 0.0 1.0</Normal>
cCircularl3Core>
ircularl3>
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7.5.2.3.4 Conic Arc Curve

ArcConic13 describes a conic arc in 3D space as shown in Figure 102 through Figure 104.

*t
: t = Domain,
__t=r ]
> | Parabola(t”)
A A
Center
DirBeg
|
© | .
Normal : { = Domain,
[

Figure 103 — 3D Conic Arc (form = ELLIPSE)
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/
/4 .
‘s’ t = Domain,

———

Hyperbola(t®)

Normal

Figure 104 — 3D Conic Arc (form = HYPERBOLA)

A conic prc is defined as a portion of a conic curve. The conic,curve can have one the following
forms: ah ellipse, a parabola, or a hyperbola.

Function:

N

|rcConic13(t): Ry » R;

N

|rcConic13(t) = Center + x(t)DirBeg + y(t)DirY

' ;ttZ , form = PARABOLA
Acos(t
x(t)] _ [Acos@] form = ELLIPSE
y(t) | Bsin(t)
e tZ/BZ], form = HYPERBOLA
] L

DirY = Normal X DirBeg

€ (5%, +0)
Fields:
Field Name Data Type Description
ArcConic13Core/@form ArcConicFormEnumType | The form of the conic arc.
Ellipse: the major radius of the arc.
ArcConic13Core/A «s:double Parabola: the coefficient “A”.

Hyperbola: the semi-axis (the distance from
the center to the extreme point).

Ellipse: the minor radius of the arc.
ArcConic13Core/B xs:double Parabola: the coefficient “B”.

Hyperbola: the implicit parameter.
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ArcConicl3Core/Center PointSimpleType

The center point.

ArcConic13Core/DirBeg UnitVectorSimpleType

The unit vector representing the beginning of
the conic arc. The DirBeg must be
perpendicular to the Normal.

ArcConic13Core/Normal UnitVectorSimpleType

The normal of the plane wherein the conic arc
is defined.

Example:

<ArcConicl3 id="123">

3 .
oI T IT

<ArcfEerret3ter
<Ap4.5</A>
<Bp3.1</B>
<Cknter>13.3 -43.2 34.1</Center>
<plirBeg>1.0 0.0 0.0</DirBeg>
<Nprmal>0.0 1.0 0.0</Normal>

</ArjcConicl3Core>

</ArcCpnicl3>

<ArcCopnicl3 id="123">
<Arcfonicl3Core form="ELLIPSE"
<APp14.2</A>
<Bp33.1</B>
<Center>63.7 -34.0 45.9</Center>
<DirBeg>1.0 0.0 0.0</DirBeg>
<Nprmal>0.0 1.0 0.0</Normal>
</ArfcConicl3Core>
</ArcCpnicl3>

<ArcCopnicl3 id="123">
<Arcfonicl3Core form="HYPERBORA"
<Ap14.5</A>
<Bp30.1</B>
<Center>0.3 3.2 5.8<Y{Center>
<DirBeg>1.0 0.0 0.0</DirBeg>
<Nprmal>0.0 1.0 ONn0</Normal>
</ArfcConicl3Core>
</ArcCpnicl3>

domain="10.3 18-9">

domain="1.2 7.0">
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7.5.2.3.5 Spline Curve
Splinel3 describes a spline curve in 3D space as shown in Figure 105.

Polynomials;

Polynomials,
Polynomials,,

t = Knots, \
m t = Knots,, 4
i ~— e —t- Knots,

t = Knots, t=Knotsy ,

Figure 105 — 3D Spline Curve

A spline[curve is defined as a sequence of parametric polynomial segments.

Function):

Ipline13(t): Ry = R;

Degreey
D€ty
i=0

x(t) Degreep
plinel3(t) = |y(®)| = CPY. (EY
/0 ZO GONGS

Degree,
(CD)2(tp)!
| ZO .

V — number of polynomials

(PN

—~

N = number of-knots — 1
Goefficients—= {C°, ...,CN"1}

1 — index of polynomials

@ D=L (- o ]
(“0 " “Degree, )’
t, — parameter of polynomials p

, [Knotsp, Knotsp+1], normalized = false
P 10,1], normalized = true

t — Knotsy, normalized = false
b= (t — Knotsy)/(Knots,,; — Knots,), mnormalized = true

te [Knotsp,KnotSp+1], p €[0,N —1]
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Field Name

Data Type

Description

Spline13Core/@normalized | xs:boolean

This flag shows if the curve is normalized.

Spline13Core/Knots

ArrayDoubleType

The spline breakpoints.

Spline13Core/Orders

ArrayNaturalType

The orders of the polynomial segments. The order
is 'the degree of the polynomial' + 1. The size of
this array is 'the number of spline breakpoints' - 1.

The coefficients of the polynomial segments are

Spline1BCore/Coefficients | ArrayPointType

triplets. For each segment the number of,

coefficients equal to the order on this segm
The total size of this array is the sumofall o

bnt.
rders.

Examplg:
<Splingl3 id="302">

<Spliinel3Core domain="0 2">

<Khots n="3">

0 1 2

</Knots>

<Oders n="2">

4 4

</Prders>

<Cpefficients n="8">

837.5 237.5 0

14.0625 -7.8125 0

0 0 0

-1.5625 1.5625 0

100 231.25 0

9.375 -3.125 0

-4.6875 4.6875 0

1.5625 -1.5625 0

</[Coefficients>

</Spllinel3Core>

</Splipnel3>
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7.5.2.3.6 NURBS Curve
Nurbs13 describes a NURBS curve in 3D space as shown in Figure 106.

Control polygon

N CPs,,

CPsq t = Knots, . 1
t = Knots,

Figure 106 — 3D NURBS Curve

A NURBS curve is a freeform curve built on the B-spline basis functions and defined by its ofrder (=
degree t 1), a knot vector (an increasing sequence of real numbers which divides the parametric

space in the intervals called knot spans), and an array of control points with an optional set ¢f
associated weights (positive real numbers). If the weights arernot defined or if the weights are
equal, the curve is a polynomial one (otherwise rational).

Function:

—~

Vurbs13(t): Ry = R3

n-1
Z , Ni,Degree (t)WeightSiCPSi
Jurbs13(t) = l=(;l_1

L

Ni,Degree (t) We ightsi

i=0
egree = Order — 1

N; ;(t) — the bsplinie basis functions

N o) = {1, t € [Knots;, Knots;;1)
LA N0, otherwise
t — Knots; Knots; —t
Noolt) = LN, () + et Nipypa(£)
il Knots;, — Knots; KNots; 11 — KNOTS;11 ™
t € [Knotsy, Knots,ke—1l, nKt — number of knots
nKt = n + Order, n — number of control points
Fields:
Field Name Data Type Description
Nurbs13Core/Order NaturalType The order (= degree + 1).
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The knot vector is an increasing sequence of real
Nurbs13Core/Knots ArrayDoubleType numbers. The size of the knot vector is “number of
control points” + “order”.
Nurbs13Core/CPs ArrayPointType
or or The array of 3D control points.

Nurbs13Core/CPsBinary

ArrayBinaryType

Nurbs13Core/Weights

ArrayDoubleType

The array of weights associated with control points
(positive real numbers).

Example:

<Nurbs[l3 id="607">

<Nurjpsl3Core domain="0 1">
<Ofrder>3</0Order>

<Kpnhots n="10">

</Knots>

<ClPs n="7">
-386.601 —-291.
-386.061 —-291.
-377.061 -291.
-368.601 —-291.
-377.061 -291.
-386.61 -291.
-386.61 -291.

</[Ps>

<Weights n="7">
10.510.510.51

</fleights>
</Nufrbsl3Core>
</Nurbls1l3>

0 0 0 0.33333333 0.

50
50
50
50
50
50
50

-44.00
-54.39
-49.19
-44.00
-38.80
-33.60
-44.00

33333333 0.66666667 0.66666667 1.'UH71
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Aggregatel3 describes an aggregate curve in 3D space as shown in Figure 107.

SubCurves;
turned

SubCurves,

t=

SubCurves, 4

begin
tN—l 8

B
*’ d
»)

t= tDbegin =0

Figure 107 — 3D Aggregate Curve

An aggrggate curve is a continuous curve defined as a sequence of oriented parametric subr-curves.

Function:

N

lggregatel13(t): Ry = R3

N

lggregatel13(t) = SubCurves;(t;)
q €[tP9™ eed],  ie[o,N—1],

q omain{ := domain; of SubCurves;,

o

begin __ .1 .0
: = Z(domamj — domain;)

Jj<i

end _ ,begin
gt =t

+ (domain}” — domain?)

4

N <@umber of subcurves

je{01}

| {domain? X (t — t?’e‘gin), SubCurves; is not turned

domaini1 = (t — tf’ €9 in), SubCurves; is turned
Fields:
Field Name Data Type Description
Aggregate13Core/SubCurves ArraySubCurvel3Type .(I:-vazzay of oriented sub-
Aggregate13Core/SubCurves/SubCurve/@turned | xs:boolean The orientation of sub-curve.

Example:

<Aggregatel3 id="419">
<Aggregatel3Core domain="0 4">
<SubCurves n="4">
<SubCurve turned="1">
<Segmentl3Core domain="0 1">
<StartPoint>-367.36 -214.75

196

-36.50</StartPoint>
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<EndPoint>-367.36 -207.50 -36.50</EndPoint>
</Segmentl3Core>
</SubCurve>
<SubCurve>
<Nurbsl3Core domain="0 1">
<Order>3</Order>
<Knots n="6">
000111
</Knots>

<CPs n="3">
-367.36 -214.75 -36.50

-366.61 -214.75 -36.50
-366.61 -214.75 -37.25
</CPs>
<Weights n="3">
1 0.70710678 1
</Weights>
</Nurbsl3Core>
/SubCurve>
SubCurve>
<Segmentl3Core domain="0 1">
<StartPoint>-366.61 -214.75 -37.25</SfartPoint>
<EndPoint>-366.61 -207.50 -37.25</EndPoint>
</Segmentl3Core>
/SubCurve>
SubCurve>
<Nurbsl3Core domain="0 1">
<Order>4</Order>
<Knots n="10">
0 00 0 0.91406368 091406368 1 1 1 1
</Knots>
<CPs n="6">
-366.61 -207.50,-=37.25
-366.61 -207#50" -36.87
-366.88 -207:50 -36.56
-367.29 «207.50 -36.50
-367.33=207.50 -36.50
-367,36)-207.50 -36.50
</CPs>
</Nurbsd3Core>
/SubGuyve>
</PBubCukves>
</Aglgregatel3Core>
</Aggregatel?

75.2.4 Parametric Surfaces
This chapter describes parametric surfaces, S(u, v):R2 > R3, where

e R2 is surface parameter space - the 2D real number space, where each point is defined as a

pair (u, v)

o R3is model space - the three-dimensional Euclidean space, where each point is defined as
a coordinate triplet (x, y, z) specified in a right-handed Cartesian coordinate system
The correspondence between 2D parameter space and 3D Euclidean space is illustrated in Figure

108.
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X A\ e i Y
B/
v
DomainV, ¢----- T
V" _______________ I.. _______
DomainV, ¢-----
. i : >~
DomainU, v~ DomainU,
Figure 108 — Parametric Surface
All typeq of QIF surfaces afe,derived from SurfaceBaseType as shown in Figure 109.
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Qﬁ Nurbs23Type

Qﬁ Spline23Type

Qﬁ Revolution23Type

Q‘j Extrude?3Type

|“42 Ruled23Type

-

Q:ﬁ NodeBaseType <‘E$ NodeWithIdBaseType % GeometryBaseType <‘E$ SurfaceBaseTypa * Qﬁ Offset23Type
v
\C-

Qﬁ Plane23Type
42 Cone23Type
Qx Cylinder23Type
Q;i Sphere23Type
Qﬁ Torus23Type

Figure 109 — Parametric Surface Types
The surfaces are normally used as underlying geometry for topological faces.

All parainetric surfaces eontain the following fields:

Field Name Data Type Description

{Curve}f{Curve}Core {Curve}CoreType The surface core.

This field enumerates values that desfribe
the surface form:

'FREEFORM' - a freeform surface (NURBS,
spline etc.);

{Curve}/{Curve}Core/@form Attr23CoreEnumType 'CYLINDER' - a cylindrical surface;

'CONE' - a conical surface;

'TORUS' - a toroidal surface;

'SPHERE' - a spherical surface;

'PLANE' - a plane surface;

The identifier of a three-dimensional
transformation matrix.

{Curve}/Transform ElementReferenceType
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About the scaling coefficient

The scaling coefficient scaleV normalizes the parameterization in the v-direction, so very large and
very small cylinders, cones and tori have reasonable parameterization. Additionally, the scaling
coefficient preserves approximate angle correspondence in 2D and 3D space as shown in Figure

110.
e copnrrres DR (U
A S LET—
| \
4 |
X y | -
:4— Diameter ——: L= 2nR
Vi
a3p K apyp ScaleU =1 ScaleV =1
Lgngth ¢-----------------~
/ @%2p i
0 in u
v
a3p = dap ScaleU =1 ScaleV =R
Length/R §---------------- o m oo o oo
— (% E
0 2| u
Figure 110 — Scaling coefficient
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7.5.2.4.1 Plane Surface
Plane23 describes a plane parametric surface as shown in Figure 111.

u = DomainU,
v = DomainV,

u = DomainU,
v = DomainV,

Figure 111 <Plane

VA

DomainV, ¢ --F=<5-----------------

DomainV,¢-----

Y

DomainU, DomainU,

Figure 112 — Plane (Parameter Space)

Plane is an infinite flat surface. The parameterization of the plane is defined by two vectors: DirU
and DirV. As seen in Figure 112, domain values (domainU and domainV) 'limit' the plane infinity.

Function:

Plane23(u,v): R, —» Ry
Plane23(u, v) = Origin + uDirU + vDirV
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v € [domainV,, domainV; ]

Normal = DirU x DirV
[|DirU x DirV||
Fields:
Field Name Data Type Description
Plane23Core/@domainU ParameterRangeType | The parameter domain in the U-direction.

ParamatarRanaaTvuna
eH-dHRete g ey

Fheparameterdomain-inthe\-direction

Plane23Ceorelf@domainV

Plane23Core/Origin

PointSimpleType

The origin point on the plane.

Plane23Core/DirU

VectorSimpleType

The direction and scaling of U-parameter
lines. The DirU vector mustinot be parallel or
anti-parallel to the DirV‘vector.

Plane23Core/DirV

VectorSimpleType

The direction and scaling of V-parameter
lines.

Examplg:

<Planep3 id="233">

<Plahe23Core domainU="-1.0 10.0"

<Ofrigin>3.0 0.0 5.5</Origin>
<DirU>2.0 0.0 0.0</DirU>
<Dirv>0.0 3.0 0.0</Dirv>
</Plpne23Core>
</Plang23>

domainv="350%4.0">
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Cylinder23 describes a cylinder parametric surface as shown in Figure 113, Figure 114, and Figure

115.

u = DomainAngle,/ScaleU

. / v = Length/ScaleV

v=.0

N G
|\\ :
[
: A !
: Teel H i N
1 - [ Y o
| v I i L
<! | I o 7}
= | | | - ’
00 | | : T
c | - L P
8 : ! | I /‘,'1:' \\I
| ~--SLl 3= y )
! = i ; u = DomainAngle,/ScaleU
I = R L - '
| -7 2 > “‘“‘\EL% V=0
: - i 5 1 ) : ’\( :
:1" I __-'1’ ‘\I
v Sr b Lo N
—_ - — —— ' Dy ! I
R AxisPoInt~—68 | |
", I % | u=0
s : ' [ v=0

\ u = DomainAngle,/Scal

—<—— Dijaimeter

Figure 113 — Cylinder

=
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u = DomainAngle,/ScaleU

/v=0

u=0
V¥ Length/ScaleV

v = Length/ScaleV,

—— Diameter

Figure 114 — Cylinder (turnedV = true)

VA

Length/ScaleV ¢-----=======---------"""o-———.

,_______________
- -

-

Domai-nAngIeO/ScaIeU DomainAngle,/ScaleU u

Figure 115 — Cylinder (Parametric Space)

The cylinder is a surface generated by rotating a 3D linear segment around a specified axis on a
specified angle. The rotating segment must be parallel to the specified axis.

204 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018
Function:
Cylinder23(u,v): R, = R
Cylinder23(u,v) = AxisPoint + R(cos(u')DirBeg + sin(u')DirY) + v'Direction

Diameter
R = — DirY = Direction X DirBeg

u' = u * scaleU

) I g .
rncrc uw tormicusurcu trt 1 Ktiatuurts

;L {v * scaleV, turnedV = false
Length — v x scaleV, turnedV = true

~

domainAngle, domainAngle
[ el i , v € [0, Length/scaleV]

scaleU ’ scaleU

Where DomainAngle in formula is measured in radians,
gand DomainAngle in file is measured in the units specified in'the element,
qr inradians if no units are specified

Fields:
Field Name Data Type Description
. ) This flag shows if the v direction of the
Cylindef23Core/@turnedV xs:boolean cylinder must be inverted.
Th li ffici f th irecti f
Cylindef23Core/@scaleU DoublePesitiveType € scaling qu icient of the u direttion o
the parametric space.
Th li ffici f th ire¢ti f
Cylindef23Core/@scaleV DoublePositiveType € scaling qu icient of the v diregtion o
the parametric space.
Cylindef23Core/Diameter xs:double The cylinder diameter.
Cylindef23Core/Length «s:double The height of th(.e cylinder — a distance
between the cylinder top and bottgm.
Cylindef23Core/Axis/AxisPoint PointType The axis origin (the bottom center)
Cylindef23Core/Axis{Direction UnitVectorType The axis vector.
The start direction specifies the pogition of
. . . the cylinder seam (u=0). This vector must
2 DirB
Cylinder23Core/Sweep/DirBeg UnitVectorType lie in a plane normal to the axis of the
cvlinder
Cylinder23Core/Sweep/DomainAngle | AngleRangeType The sweep angle from the start direction
y P g g gelyp (the surface domain in the u direction).

Example:

<Cylinder23 id="132">
<Cylinder23Core>
<Diameter>4.4</Diameter>
<Length>7.1</Length>
<Axis>
<AxisPoint>10.0 0.0 0.0</AxisPoint>
<Direction>0.0 0.0 1.0</Direction>
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</Axis>
<Sweep>
<DirBeg>1.0 0.0 0.0</DirBeg>
<DomainAngle>1.3 1.9</DomainAngle>
</Sweep>
</Cylinder23Core>
</Cylinder23>

7.5.2.4.3 Cone Surface
Cone23 describes a cone parametric surface as shown in Figure 116, Figure 117, and Figure 118.

=—— DiameterTop —-'[ u = DomainAngle,/ScaleU

/ v = Length/ScaleV
|

Figure 116 — Cone
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u = DomainAngle,/ScaleU
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v = Length/ScaleV :
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u = DomainAngle/ScaleU

% v = Length/ScaleV

us0

v.= Length/ScaleV

Figure-117 — Cone (turnedV = true)
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The cone is a surface generated by rotating a 3D linear segment around a specified axis on a

u

0 . .
DomainAngle,/Scalel  DomainAngle,/ScaleU

Figure 118 — Cone (Parametric Space)

specified angle. The axis and the rotating segment must be coplanar.

Function:
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Cone23(u,v): R, = R;
Cone23(u,v) = AxisPoint + R(v")(cos(u")DirBeg + sin(u')DirY) + v'Direction

DiameterBottom
2

DiameterTop
2

RadiusTop = , RadiusBottom =

RadiusTop — RadiusBottom
Length

R(v) = RadiusBottom + v

irY = Direction X DirRPg

ANSI/DMSC QIF 3.0 - 2018

U’ = u * scaleU
Where u' is measured in radians

turnedV = false

;L {v * scaleV,
- turnedV = true

Length — v * scaleV,
Yy € [DomainAngley/scaleU, DomainAngle;/scaleU], v € [0B;Length/scaleV]

where DomainAngle in formula is measured in radians;
gnd DomainAngle in file is measured in the units specified in the element,

qr inradians if no units are specified

Fields:

Field Name Data Type

Description

Cone23[Core/@turnedV xs:boolean

This flag shows if the v direction of the cone
must be inverted.

Cone23Core/@scaleU DoublePositiveType

The scaling coefficient of the u direction of
the parametric space.

Cone23Core/@scaleV DoublePositiveType

The scaling coefficient of the v directfion of
the parametric space.

The diameter at the bottom.

Cone23[Core/DiameterBottam xs:double

Cone23Core/DiameterTop xs:double The diameter at the top.

Cone23Core/Length «s:double The cone height — a distance betweeln the
cone top and bottom.

Cone23(Core/Axis/AxisPoint PointType The axis origin (the bottom center).

Cone23[Coré/Axis/Direction UnitVectorType

The axis vector.

Cone23Core/Sweep/DirBeg UnitVectorType

The start direction specifies the position of
the cone seam (u=0). This vector must lie in
a plane normal to the axis of the cone.

Cone23Core/Sweep/DomainAngle AngleRangeType

The sweep angle from the start direction
(the surface domain in the u direction).

Example:

<Cone23 id="132">
<Cone23Core>
<DiameterBottom>4.4</DiameterBottom>
<DiameterTop>2.1</DiameterTop>

208

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

QIF MBD 3.0

<Length>7.1</Length>

<Axis>
<AxisPoint>10.0 0.0 0.0</AxisPoint>
<Direction>0.0 0.0 1.0</Direction>

</Axis>

<Sweep>
<DirBeg>1.0 0.0 0.0</DirBeg>
<DomainAngle>1.3 1.9</DomainAngle>

</Sweep>

</Cone23Core>
</Cone23>

ISO 23952:2020(E)
ANSI/DMSC QIF 3.0 - 2018

7.5.2.4.4 Sphere Surface

Sphered3 describes a sphere parametric surface as shown in Figure 119, Figure 120, 'and Higure

121.

~
~
S

u = DomainLongitudey/Scalel) -~
v = Domainl@tjtude,/ScaleV

r
/Iz\}-i Diameter ———

X y

u = DomainLongitude,/ScaleU
v = DomainLatitude,/ScaleV

Figure 119 — Sphere
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u = DomainLongitude,/ScaleU
S . \“/ v = DomainLatitude,/ScaleV

u = Domainlongitude,/Scalel .-~~~

v = DomainlLatitude,/ScaleV
\

z }-7 Diameter ————

Figure 120 — Sphere (turnedV = true)

VA

DomainLatitude,/ScaleV ¢===----q-------oommmmm

Domaintatitude,/ScaleV ¢-------
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DomainLongitude,/ScaleU DomainLongitude,/ScaleU u

Figure 121 — Sphere (Parametric Space)
The sphere is a surface defined by its center point and radius.

Function:
Sphere23(u,v): R, » R;
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Sphere23(u,v)

ISO 23952:2020(E)
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= Location + R sin(v") DirNorthPole
+ Rcos(v")(cos(u')DirMeridianPrime + sin(u')DirY)

_ Diameter
B 2
DirY = DirNorthPole X DirMeridianPrime

u' = u * scaleU

Where u' is measured in radians

turnedV = false
turnedV = true

Py

. {v * scaleV,
—v * scalevV,

Where v' is measured in radians

qr inradians if no units are specified

qr inradians if no units are specified

Fields:

Y € [DomainLongitude,/scaleU, DomainLongitude,/scaleU]

Wwhere DomainLongitude in formula is measured in radians,
gnd DomainLongitude in file is measured in the units specified in the element,

Y € [DomainLatitudey/scaleV, DomainLatitudey/ScaleV]

Wwhere DomainLatitude in formula is measured in radians,
and DomainLatitude in file is measured in the units specified in the element,

Field Name

Data Type

Description

Sphere23Core/@turnedV

xs:boolean

This flag shqws if
the v directipn of
the sphere must be
inverted.

Sphere23Core/@scaleU

DoublePositiveType

The scaling
coefficient gf the u
direction of the
parametric $pace.

The scaling

Sphere23Core/@scaleV

DoublePositiveType

coefficient of the v
direction of the
parametric space.

Sphere23Core/Diameter xs:double The sphere
diameter.
Sphere23Core/Location PointSimpleType The sphere center.

Sphere23Core/LatitudeLongitudeSweep/DirMeridianPrime

UnitVectorType

The direction of the
prime meridian
vector. The
longitude is 0 on
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the
PrimeMeridianVect
or. This vector
must be
perpendicular to
the north pole
vector.
The latitude
domain (the u
direction). The
Sphere23Core/LatitudeLongitudeSweep/DomainLatitude AngleRangeType latitude end angle
must be grepter
than the latftude
start angle.
The longitude
Sphere23Core/LatitudeLongitudeSweep/DomainLongitude | AngleRangeType domain (thg u
direction).
Sphere23Core/LatitudeLongitudeSweep/DirNorthPole UnitVectorType The direction of the
north pole viector.
Examplé:
<Spherg23 id="132">
<Sphere23Core>
<Djiameter>7.4</Diameter>

<L
<L

</
</Sp
</Sphe

bcation>2.0 3.0 2.3</Location>
btitudelLongitudeSweep>

LatitudelLongitudeSwedp >
here?23Core>
re?23>

DirMeridianPrime>1.0 0.0 0.0%/AxisPoint>
DomainLatitude>-0.1 0.4</DomainLatitude>
DomainLongitude>0.2 1.4</~DomainLongitude>
DirNorthPole>0.0 0.0 1N0</DirNorthPole>
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Torus23 describes a torus parametric surface as shown in Figure 122, Figure 123, and Figure 124.

u = DomainLongitude,/ScaleU
v = DomainLatitude,/ScaleV

DiameterMinor/2
Sameterinar/ <

u = DomainLongitude/Scaley
v = DomainlLatitude,/ScaleV :

DiameterMajor/2

R(v’)

|
|
z |
|
|
L
|

Figure 122 — Torus
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u = DomainLongitude,/ScaleU
v = DomainLatitude,/ScaleV

DiameterMinor/2
=

,’/ u= -~
0T T T T T T T T T N -~ =
wl e U=Uu\%

A(V) / ‘\{\ v=_0 z
Y i e—
—A———— ———

'\ A\ u=u

N
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o &
-ﬂ“rl._ O

’

u=40

u= DomainLongitudeo/ScaIelj

v = DomainLatitude,/ScaleV :

|
DiameterMajor/2

R(v")

Figure 123+ Torus (turnedV = true)
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Dorpainlatitude,/ScaleV ¢-------

Py .

DomainLc;ngitudeU/ScaIeU DomainLongi:cudel/ScaleU u

Figure 124 — Torus (Parametric Space)

The torus is a surface generated by rotating a 3D circular arc around an axis coplanar with the arc
on a specified angle.
Function:

Torus23(u,v): R, = R
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Torus23(u,v) = AxisPoint + A(v) + R(v)(cos(u")DirMeridianPrime + sin(u') DirY)
A(v) = RadiusMinor sin(v")Direction

. . DiameterMinor . . DiameterMajor
RadiusMinor = > , RadiusMajor = >

R(v) = RadiusMajor + RadiusMinor cos(v")

DirY = Direction X DirMeridianPrime

U = u * scaleU

Wwhere u' is measured in radians

Py

. {OffsetV + v *scaleV, turnedV = false
Of fsetV — v = scaleV, turnedV = true

Where v’ is measured in radians
Y € [DomainLongitude,/scaleU, DomainLongitude, /scalelU]

Wwhere DomainLongitude in formula is measured in radians,
and DomainLongitude in file is measured in the units specified in the element,
qr inradians if no units are specified

Y € [DomainLatitude,/scaleV, DomainLatitude, /scaleV ]

Where DomainLatitude in formula is measured in radians,
gnd DomainLatitude in file is measured in the units specified in the element,
qr inradians if no units are specified

Fields:

Field Name Data Type Description

This flag shows if the
v direction ofthe
torus must b
inverted.
The offsetting
distance of the v
direction of the
parametric space.
The scaling
coefficient of the u
direction of the
parametric space.
The scaling
coefficient of the v
direction of the
parametric space.
The torus minor
diameter.

Torus23Core/@turnedV xs:boolean

Torus23Core/@offsetV xs:double

Torus23Core/@scaleU DoublePositiveType

Torus23Core/@scaleV DoublePositiveType

Torus23Core/DiameterMinor xs:double
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. . The torus major
Torus23Core/DiameterMajor xs:double .
diameter.
Torus23Core/Axis/AxisPoint PointType The axis origin (the

bottom cente

r).

Torus23Core/Axis/Direction

UnitVectorType

The axis vector.

The direction

of the

prime meridian

vector. The lo
is 0 on the

ngitude

Torus23

Fal Lot (] . (el LOs . HH Doat
CUTE/LalitUUTLUTIEIIUUTC OWET Y/ UTTIVITTTUTAt e TiTe

A w] " T
UTILvELLUTNTypycT

PI iIIICInV’:CI ILJI
r. This vector
be perpendic

themorth pol¢

vector.

WWecto
must
hlar to

D

Torus23

Core/LatitudeLongitudeSweep/DomainLatitude

AngleRangeType

The latitude d
(the v directig

omain
n).

Torus23

Core/LatitudeLongitudeSweep/DomainLongitude

AngleRangeType

The longitude
domain (the U
direction).

Regardless of
values of the
longitude dor
the longitude
is in the posit
direction.

the

hain,
sweep
ve

Examplg:

<Torus
<Tor
<D

<D

<A|

</
<L

</

3 1d="344">

us23Core>

i ameterMinor>8.0</DidneterMinor>
iameterMajor>24.0<{DtameterMajor>
<1 5>

Axis>
b titudelLogitudeSweep>

LatttudelLongitudeSweep>

AxisPoint>10.0_3.0 0.0</AxisPoint>
Direction>0.0-0.0 1.0</Direction>

DirMeridianPrime>1.0 0.0 0.0</DirMeridianPrime>
Domalaatitude>0.0 1.57</DomainlLatitude>
DomainLongitude>0.0 3.14</DomainLongitude>

</To
</Toru
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7.5.2.4.6 Extrude Surface
Extrude23 describes an extruded parametric surface as shown in Figure 125 and Figure 126.

TerminationPoint

‘@
=
u=Domain_° &
2 in 1
v=0 u = Domain,,
v v=1
»

in_ 0
Curve(Domain,,,

Curve(Domain,,,?)

Figure 125 — Extrude Surface

VA

le-og---------m - —-

b ___{
g ——-----———— -

\

Domain,,° Domain,!

Figure 126 — Extrude Surface (Parametric Space)

The extrude surface is an extrusion of the profile-curve along the extrusion direction for a distance
specified by the termination point.

Function:
Extrude23(u,v): R, = R;

Extrude23(u, v) = Curve(u) + (TerminationPoint — Curve(domain?,.,))v
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u € [domainl,,, domainl,,], v €[0,1]
Fields:
Field Name Data Type Description
The termination point. Together with the curve
Extrude23Core/TerminationPoint | PointSimpleType start point it specifies the extrusion direction
and distance.
Th h file of
Extrude23Core/Curve Curvel3CoreType © cu'rve to be used as the profile o
extrusion.
Examplg:
<Extrude23 id="357">
<Extfrude23Core >
<TkrminationPoint>20.4 11.2 -0.9</TerminationPoint>

<C

</
</Ex
</Extr

urve>

ArcCircularl3Core domain="0 3.14159265358979">
<Radius>0.25</Radius>
<Center>20.0 11.0 0.0</Center>
<DirBeg>1.0 0.0 0.0</DirBeg>
<Normal>0.0 0.0 1.0</Normal>
/ArcCircularl3Core>

Curve>

trude23Core>

ude?23>
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7.5.2.4.7 Ruled Surface

Ruled23 describes a ruled parametric surface as shown in Figure 127, Figure 128, and Figure 129.

t,(0) = Domain,°

Curve,

< C
n
oo
Normal

t,(1) = Domain,!

5

z
ty(1) = Domain,?

Figure 127 — Ruled Surface
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t,(0) = Domain,°

t3(0) = Domain,’

t,(1) = Domain,?

Figure 128 — Ruled Surface(turnedSecondCurve = true)

AN |

0,0 u 1 u

Figure 129 — Ruled Surface (Parametric Space)

The ruled surface is generated by connecting corresponding points on two 3D curves by a set of
linear segments.

Function:

Ruled23(u,v): R, = R;

Ruled23(u,v) = Curvey(ty(w))(1 — v) + Curve, (t;(w))v
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domain, — domain of curve c, c € {0,1}
u€elf01], wve01]

to(u) = domaind + u(domain} — domainQ)

ANSI/DMSC QIF 3.0 - 2018

t () = domain? + u(domain! — domain?), turnedSecondCurve = false
! domaini + u(domain? — domain}), turnedSecondCurve = true
Fields:
Field Name Data Type Description
This flag sh if th i
Ruled23Core/@turnedSecondCurve | xs:boolean Is flag shows if the second cpirve is
turned.
Ruled23Core/Curve[0] Curvel3CoreType The first curve.
Ruled23Core/Curve[1] Curvel3CoreType The second curve,
Examplé:
<Ruledp3 id="361">
<Rulpd23Core>
<Curve>

</Lurve>
<Clurve>

</
</Ru
</Rule

ArcCircularl3Core domain="2.214 4.068">
<Radius>0.625</Radius>
<Center>14.8 11.0 0</Center>
<DirBeg>1.0 0.0 0.0</DirBeg>
<Normal>0.0 0.0 1.0</Normal>
/ArcCircularl3Core>

Segmentl3Core domain="0"1">
<StartPoint>13.5 LIs5 0.1</StartPoint>
<EndPoint>13.5 10.5 0.3</EndPoint>

/Segmentl13Core>

Curve>

led23Core>

423>
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7.5.2.4.8 Surface of Revolution

Revolution23 describes a parametric surface of revolution as shown in Figure 130, Figure 131, and
Figure 132.

u = Domaing,!

B Bl A/\,szngIe1

u = Domain,!

u = Domaing,,°

v=0
/ ‘ Direction ’;‘?(9/
u = Domaing,°
v = Angle, AxisPoint

Figure 130 — Surface Of Revolution
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u = Domain.,°

semmTT TS --~ /V:Ang|e1

u = Domaing,!
v=0

u = Domaing,!
v =Angle,

/ IDirection

| AxisPoink

Figure 131 — Surface.Of Revolution (turned Generatrix)
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ye<

Domain,,’ Domaimng,

Figure 132 — Surface Of Revolution (Parametric Space)

The surface of revolution is generated by rotating a 3D generatrix curve around a specified axis on
a specified angular range.

Function:

Revolution23(u,v): R, - R3
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Revolution23(u,v) = P(u) + R(u) (cos(v) DirX (u) + sin(v) DirY (u))
P(u) = AxisPoint + ((Generatrix(u) — AxisPoint) - Direction)Direction
R(u) = ||Generatrix(u) — P(u)||

Generatrix(u) — P(u)
||Generatrix(u) — P(w)||

DirX(u) =

DirY (u) = Direction X DirX(u)

ANSI/DMSC QIF 3.0 - 2018

Y € [domainl,.,, domainl,.,], v € [angley, angle,]
Fields:

Field Name Data Type Description
Revolutjon23Core/@angle ParameterRangeType ::::;frl]d;p;gjies startand end
Revolutjon23Core/Axis/AxisPoint PointType The axis-origin.
Revolution23Core/Axis/Direction UnitVectorType Thé axis direction.
Revolutjon23Core/Generatrix Curvel3CoreType Z:ies‘3D curve to be rotated around the

Examplg:

<Revoljution23 id="354">
<Revplution23Core angle="0 6.28318">
<Akis>

AxisPoint>18.0 10.5 0</AxisPoint>
Direction>0.0 1.0 0.0<(/Direction>

</RBxis>
<Generatrix>

ArcCircularl3CoreNdomain="1.965 4.317">
<Radius>0.4</Radius>
<Center>18.6-r1.1 0.0</Center>
<DirBeg>1 0y0.0 0.0</DirBeg>
<Normalx»0,)0 0.0 1.0</Normal>
/ArcCingGlarl3Core>

</Beneratnix>
</Refvolutfion23Core>
</Revollutti®bn2 3>
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7.5.2.4.9 Spline Surface
Spline23 describes a parametric spline surface as shown in Figure 133 and Figure 134.

Polynomial patches

u = KnotsU, u zKnotsU,,
v = KnotsV, vs KnotsV,,
u = KnotsU, u = KnotsUyy,
v = KnotsV,, l v = KnotsVy, 1
u = KnotsUy,, u = KnotsUyy
v = KnotsV,, T v = KnatsY,
z
u = KnotsU,,
v = KnotsV,
X y
Figure 133 — Spline Surface
VA
KnotsVy,.q $-----7----------------1 .
KnotsV, ¢----- R |
; : u

KnotsU, Knc:t;UNu,1

Figure 134 — Spline Surface (Parameter Space)
A spline surface is a grid of parametric polynomial patches.

Function:
Spline23(u, v): R, = R3
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DegreeUp DegreeV,

DD @) )
j=0

i=0
x(u v) DegreeUp DegreeV,
Spline23(u,v) = |y(u,v)| = Z Z (Cf}q)y(up)i(vq)j
z(u,v) i—0 =0

DegreeU, DegreeVy

l YD @) ) |

=0 7=0

Goefficients = {€%°...CNu=10 CONv=1  CNu=LNy—1y
Ny Ny

begreeU, = OrdersU, — 1

begreeV, = OrdersV; — 1

NC — number of coef ficients

NCP9 — number of coef ficients of polynomial patch (p,q)

NCPA = OrdersU,OrdersV,

Ny—1N,—1

IC = Z Z NCPA
p=0 q=0

P9 — coef ficients of polynomial patch (p, q)

—

P = {CO,O CDegreeUp,O [ CO,Degrequ CDegreeUp,Degrequ}

OrdersUp OrdersUp

L

V.. N, — number of polynomials in the u and v directions
n € [0,N,], N, ~=number of knots in the u direction — 1
q € [0,N,], N, = number of knots in the v direction — 1

U, — parameter of polynomials p in the u direction

. “KnotsUp,KnotsUpH], normalized = false

ey

= o,1], normalized = true
u — KnotsU,, normalized = false
= (u — KnotsU,)/(KnotsUy,,, — KnotsU,), mnormalized = true

vq — parameter of polynomials p in the v direction

c [Knotqu,KnotquH], normalized = false
a [0,1], normalized = true
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v — KnotsV, normalized = false
YVa = (v — KnotsV,)/(KnotsV,,, — KnotsV,), normalized = true
u € [KnotsU;, KnotsU; ], i €[0,N, —1]
v € [KnotsV;, KnotsV;,1],  j €[0,N, — 1]
Fields:
Field Name Data Type Description
This flag shows If the spline surface 1s normalized.
Spline1BCore/@normalized | xs:boolean A value of 1 (or true) means the surface’is
P ) normalized. A value of O (or false) mean’s the
surface is not normalized.
. The knot vector in the u direction(the u spline
Spline2BCore/KnotsU ArrayDoubleType breakpoints).
. The knot vector in the v direction (the v splihe
Spline2BCore/KnotsV ArrayDoubleType breakpoints).
The orders of the polynomial patches in thelu
direction.
Spline28Core/OrdersV ArrayNaturalType The order is{thé degree of the polynomial' + 1.
The size ofithis array is 'the number of the U spline
breakpoints' - 1.
The'orders of the polynomial patches in thev
direction.
Spline2BCore/OrdersV ArrayNaturalType The order is 'the degree of the polynomial' ¢ 1.
The size of this array is 'the number of the \ spline
breakpoints' - 1.
The coefficients of the polynomial patches. [For
each patch the number of coefficients equals 'the
. - \ u polynomial order of the patch' * 'the v
Spline1BCore/Coefficients ArrayPointType polynomial order of the patch'
The total size of this array is the sum of all gatch
coefficients.
Examplé:
<Spling23 id="Fr01">
<Spline23Core>
<KhotsU~n="3">
012
</ uutoU
<KnotsV n="2">
01
</KnotsV>
<OrdersU n="2">4 4</OrdersU>
<OrdersV n="2">4 4</Ordersv>
<Coefficients n="32">
-29.7 =20 13
47.1 18 33
-21.6 -18 -90
4.45 6.75 49
-15.9 60 -48
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</
</Sp
</spli
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2.7 -54 0

-2.7 54 132.3
7.65 -20.25 -83.7
30.9 -60 12

6.3 54 117

-13.05 -54 -314.1
0.6 20.25 147.9
-20.3 34 -5

-14.1 -60 -129
19.35 60 241.8
-6.2 —-20.75 -100.45

ANSI/DMSC QIF 3.0 - 2018

0.25 -13.25 5
17.25 2.25 0

-8.25 2.25 57
P5.75 -6.25 -49
-8.25 39.75 0.6
P0.25 -6.75 13.5
P0.25 -6.75 -118.8
-53.25 18.75 77.7
p4.75 -39.75 =-37.2
-18 6.75 -67.5
-11.25 6.75 129.6
415.3 -18.75 =-54.9
-21.25 13.25 7.35
6 -2.25 53.25

0.75 -2.25 -59.55
-8.3 16.25 14.95
Coefficients>
line23Core>

ne?2 3>
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7.5.2.4.10 NURBS Surface

Nurbs23 describes a NURBS parametric surface as shown in Figure 135 and Figure 136.

Control points net

u = KnotsU,
v = KnotsV,
CPsgp

Figure 135='NURBS Surface

VA

KﬂOtSVnKW_l | e e

KnotsV, ¢-----

o--+-—--——
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A A

u = KnotsUrkiu1
v = KnotsV, .1
CPs Y m 1

Knotsll Knotsl
v TIRTU=T

Figure 136 — NURBS Surface (Parameter Space)

A NURBS surface is a bivariate vector-valued piecewise rational function built on the B-spline basis
functions and defined by its orders in the u and v directions, two knot vectors (an increasing
sequence of real numbers which divides the parametric space in the intervals called knot spans),
and a bidirectional control net with an optional set of associated weights (positive real numbers). If
the weights are not defined or if the weights are equal, the surface is polynomial (otherwise

rational).
© IS0 2020 - All rights reserved
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Function:

Nurbs23(u,v): R, = R;

ANSI/DMSC QIF 3.0 - 2018

Zln;ol Z;n;ol Ni,DegreeU(u)Nj,DegreeV (U)Waghtsi,jcpsij

Nurbs23(u,v) =

DegreeU = OrderU — 1,

n-1
i=0

N; j(t) — the bspline basis functions

;_n=—01 Ni,DegreeU (u) Nj,DegreeV (U) Weightsi,j

DegreeV = OrderV — 1

nKtU = n + OrderU,

Knots;,, — Knots;
Yy € [KnotsUy, KnotsU,kiy-11,

¥ € [KnotsVy, KnotsVykiy—1l,

_ (1, t € [Knots;, Knots;yq1)
Fio (O = {0, otherwise
t — Knots;
Nip(t) = Nip-1(t) +

nKtV = m+ OrderV

GPs = {CPsgg,...,CPSp_10, -, CPSqm—1, e, CPSy_1 1}

Knots;ypy1 —t

n —number of control points in-the u direction

m — number of control poirits in the v direction

Nitq,-1(t
Knots;ypy1 — Knots;yq i+1p-1(1)

n

Weights = {Weightsgy, ..., Weights,_, o, «.cWeightsym_1, ..., Weights,_; ;m_1}

n

n n
Fields:
Field Name Data.Type Description
Nurbs23Core/OrderU NaturalType The order in the u direction (= degree + 1).

Nurbs2BCore/OrderV

NaturalType

The order in the v direction (= degree + 1).

The knot vector in the u direction. The size of the

Nurbs23Core/CPsBinary

ArrayBinaryType

Nurbs23Core/KnotsU ArrayDoubleType knot vector is 'number of control points in the u
direction' + 'order in the u direction'.
The knot vector in the v direction. The size of the
Nurbs28Core/KnotsV ArrayDoubleType knot vector is 'number of control points in the v
direction' + 'order in the v direction'.
Nurbs23Core/CPs ArrayPointType The array of control points. The size of this arfay is
or or ('number of the u-knots' - 'the u-order') * ('"number

of the v-knots' - 'the v-order').

The array of weights associated with control points

Nurbs23C Weight A DoubleT
urbs23Core/Weights rrayboublelype (positive real numbers).
Example:
<Nurbs23 id="102">
<Nurbs23Core>
<OrderU>4</0OrderU>
<OrderV>4</0OrderV>

<KnotsU n="8">
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00001111
</KnotsU>
<KnotsV n="8">

00001111
</KnotsVv>
<CPs n="16">

-1.165 -0.787 0.511

-0.551 -0.551 0.944

-0.216 -0.551 0.196

0.009 -0.521 0.19¢0

-1.377 0 -0.118
-0.748 0 0.314
-0.413 0 0.145
-0.098 0 0.204
-1.181 0 -0.590
-0.511 0 0.354
-0.206 0 -0.0098
0.118 0 -0.275
-1.377 0.551 -1.102
-0.826 0 -0.826
-0.511 0 -0.944
-0.177 0 -0.954

</[CPs>

</Nujrbs23Core>

</Nurbls23>
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7.5.2.4.11 Offset Surface

ANSI/DMSC QIF 3.0 - 2018

Offset23 describes an offset parametric surface as shown in Figure 137 and Figure 138.

u = DomainUg{°
v = DomainV,°

Surface

D(u,v)

- i 1
u = DomainUg;

- i 1
v = DomainV;

X Y
Figure 137 — Offset Surface
v
DomainVg, ! ¢-----+-----------------
DomainV,° ¢----- . i
| | u
DomainUs{ DomainUg !

Figure 138 — Offset Surface (Parametric Space)
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The offset surface is constructed from an existing surface by moving every surface point in the
normal direction by an offset distance.

Function:

Offset23(u,v): R, = R;
Offset23(u,v) = Surface(u,v) + D(u,v)

D(u,v) = Ngr(u,v)Distance

Surjace, X Surjace,

—~

V. y V) =
srr (U, v) |Surface], X Surface,||

Yy € [domainUSOrf,domainU;Tf], vV E [domainVSOrf,domainVslrf]

Fields:

Field Name Data Type Description

Offset2BCore/Distance xs:double The offset distance.

Offset2BCore/Surface SurfaceCoreType The base surface foroffsetting.

Examplg:

<Offseft23 id="97">

<Offlget23Core>
<Dlistance>0.2</Distance>
<Surface>

Nurbs23Core>

<OrderU>4</0OrderU>

<OrderV>4</0OrderV>

<KnotsU n="8">
0000111 ¢&

</KnotsU>

<KnotsV n="8"G
000011

</KnotsV>

<CPs n=")1é">
-1.1%5 -0.787 0.511
-00351 -0.551 0.944
=0.216 -0.551 0.196
0.009 -0.521 0.196
_1.'2'7'7 0 _(\.’I‘IQ
-0.748 0 0.314
-0.413 0 0.145
-0.098 0 0.204
-1.181 0 -0.590
-0.511 0 0.354
-0.206 0 -0.098
0.118 0 -0.275
-1.377 0.551 -1.102
-0.826 0 -0.826
-0.511 0 -0.944
-0.177 0 -0.954
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</CPs>
</Nurbs23Core>
</Surface>
</Offset23Core>
</0Offset23>

ANSI/DMSC QIF 3.0 - 2018
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7.5.2.5
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Mesh Curves

7.5.2.5.1 Triangulation Path

PathTriangulation describes a path of triangulation edges. The way the identification of triangle

edges relate to the identification of triangle vertices is illustrated in Figure 139.

Figure 139 — The edge ‘W’ of triangle ‘t’

EY —the edge 'w' of the'triangle 't' is opposite to the vertex 'w’

W — Start point'= v, = Vertices,, a= Trianglest(W“) mod 3
End point = v, = Verticesy, b= TTl'anglest(W”) mod 3

Trianglesy = vertex w in triangle t

© IS0 2020 - All rights reserved
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Normal

Figure 140 <« Triangulation Path

EdgeS = {tOJWO 'tl'wl ,tz, Wy ,t3, W3 }
Edgey Edge; Edge, Edges

V = {vo, 01,02, V3, 04}

The triapgulation path is a polyline formed from the mesh edges as shown in Figure 140.

Function):
Edges = {tg,Wg , ) tn—1,Wn_1}, n — number of edges
Edge, Edgen_4
Rairs (t;, w;) specifies edges E:f"

V — sequence of vertices in the path

V ={vg, ..., v}
Triangleséwoﬂ) mod 3 (=0
v; = Vertices;,  j= Trianglesi(wi+1) mod3 _ Trianglesi(fvl"‘“z) mod3 0 <i<n
. (Wp—1+2) mod 3 P
kTrlanglesn_’ll ! , [=n

Fields:
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Field Name Data Type Description

The array of triangle edges that forms a
triangulation path. This is an array of
pairs of positive integers, where the
first value is a triangle index and the
second value is a vertex index opposite
to the edge.

PathTriangulationCore/Edges Arrayl2Type
or or
PathTriangulationCore/EdgesBinary ArrayBinaryType

MeshTriangle ElementReferenceType | The identifier of a triangle mesh.

Example:

<PathTriangulation id="32">
<PathTriangulationCore>
<Edges n="2">
1 0
0 2
</Edges>
</PalthTriangulationCore>
<MeshTriangle>
<Id>98</Id>
</MelshTriangle>
</Path[lriangulation>

<MeshTriangle id="98">
<MeshTriangleCore>
<Tfriangles n="2">
0 1 2
P 3 0
</[friangles>
<Ngighbours n="2">
-1 1 -1
-1 0 -1
</Neighbours>
<Vertices n="4">
0.0 0.0 0.0
10.0 0.0 0.0
10.0 5.0 0.4Q
0.0 5.0 040
</Nerticeg¥
</MejshTriangleCore>
</Mesh[lridngle>

7.5.2.6 MestrSorfaces

7.5.2.6.1 Triangulation Mesh Surface

MeshTriangle23 describes a triangulation mesh surface. Figure 141 illustrates how two triangles
may be sewn together.
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Figure 141 — Two sewn-riangles

. w? , wd
to = Neighbours, ', &1 = Neighbours, °
w} — index of Wertex of triangle t
wi €{0,1,2}, (i€{0,1,2}, t— indexof triangle

wi = (wet 1)mod3,  w?= W+ 2)mod3

2 1
vy = Ventices; = Vertices;, i= Trlanglesto", j= Trlanglestl1

0
v, =< Wertices;, i = Trlanglestl1
, , . w
vy= Vertices;, i = Trlan,glest0

2

1
kvg = Vertices; = Vertices;, i = Trlanglesto",] = T“r'langlestl1
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Border edges

Inner €dges

Figure 142 Triangle Mesh
V3] Vo
Triangles{, = lvo , Triangles,, = [173]
V3] V1
—17 t3
Neighbours,, = [tz , Neighbours; = [—1]
to

t; |
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A meshsurface is a set of triangles connegted by their common edges as shown in Figure 1
allows defining more than one normal-vector per vertex; in this case, the special normals arr
be used|as shown in Figure 143 —Triangle Mesh with special normals.

Function:

240

2018

Figure 143 — Triangle Mesh with special normals
ns.,, = special normal of vertéx w in triangle t
t — index of triangle (first integer in NormalSpecial /@vertex)

w — vertex index in a triangle (seéond integer in NormalSpecial /@vertex)

Trianglesl” = thevertex,, in the triangle,

EY — the edgey, in the triangle; is opposite to the vertex,,

(w+1) mod 3
t

(w+2) mod 3

t

g zStart point = Vertices,, a = Triangles

End point = Verticesy, b = Triangles

12. QIF
Ay shall

neighbour triangle index, EY is a border edge
-1, otherwise

Neighbours} = {
w — vertex index in a triangle, w € {0,1,2}
N; — unit normal of the triangle 't’

(Vertices, — Vertices, ) X (Vertices,, — Vertices,)

£ ||(Vertices,,1 — Vertices,) x (Vertices,, — Verticesvo)”

v; = Triangles}
li e {0,1,2}
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Field Name

Data Type

Description

MeshTriangleCore/Triangles

Arrayl3Type

The array of indices of the
triangle vertices. The
number of array elements
corresponds to the number
of triangles in the mesh.
Each element of this array is
a triplet of integer numbers:

or
MeshTrjangleCore/TrianglesBinary

or
ArrayBinaryType

Index ot the tirst vertpx,

index of the secondvertex
and index of thethird
vertex. Allthree vertex
indices-of @triangle nhust be
differént and must lig in the
range [0, ..., number pf
vertices - 1].

MeshTrjangleCore/Neighbours
or
MeshTrjangleCore/NeighboursBinary

Arrayl3Type
or
ArrayBinaryType

The array of indices df the
triangle neighbors. The
number of array elenjents
corresponds to the number
of triangles in the mesh.
Each element of this array is
a triplet of integer numbers:
index of a neighbor tfiangle
opposite to the first triangle
vertex, index of a neighbor
triangle opposite to the
second triangle vertek, index
of a neighbor trianglg
opposite to the third triangle
vertex. There is a spefial
index value "-1" which
shows that there is np
neighbor. The neighbor
indices must lie in the range
[-1, ..., number of trigngles -
1].

The array of 3D points. The

MeshTriangleCore/Vertices
or
MeshTriangleCore/VerticesBinary

ArrayPointType
or
ArrayBinaryType

romber-of-art ay etements
corresponds to the number
of vertices in the mesh.

Each element of this array is
a triplet of real numbers: the
X-coordinate, the Y-
coordinate and the Z-
coordinate.

MeshTriangleCore/Normals
or
MeshTriangleCore/NormalsBinary

ArrayUnitVectorType
or
ArrayBinaryType

The mesh normals - an array

of unit vectors. The number
of array elements

© IS0 2020 - All rights reserved
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corresponds to the number
of vertices in the mesh.

Each element of this array is
a triplet of real numbers: the
X-component, the Y-
component and the Z-
component.

The special mesh normal -
an array of normal vectors
specified on the triangle
level. This array is an
addition to the eore mesh
normal vectorsiand it allows
for the definition of different
normatwectors in a common
vertex for different tifiangles.
This/situation is typical for
vértices of mesh featpire
lines.

NormalgSpecial ArrayTriangleVertexNormalType
or or
NormalgSpecialBinary ArrayBinaryType

The pair of non-negative
integers, where the first
NormalpSpecial/NormalSpecial/@vertex | 12Type value is a triangle index and
the second value is a vertex
index.

Examplg:

<MeshTfriangle id="98">
<MeshTriangleCore>
<Tfriangles n="2">
0 1 2
P 3 0
</[friangles>
<Npighbours n="2">
-1 1 -1
-1 0 -1
</Neighbours®
<Vertices n<™4">
0.0 0.040.0

O O
O O

</Vertices>
<Normals n="4">
001
001
001
001
</Normals>
</MeshTriangleCore>
<NormalsSpecial n="2">
<NormalSpecial vertex="0 0">
0.5 0 0.8660254037844
</NormalSpecial>
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<NormalSpecial vertex="1 2">
0 0.5 0.8660254037844
</NormalSpecial>

</NormalsSpecial>
</MeshTriangle>

7.5.3 Topology

ISO 23952:2020(E)
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QIF topology elements define boundaries of geometry objects and specify connectivity relations. In
QIF they are separated by type and organized in the following sets:

e VertexSet
e [dgeSet
o loopSet
e HaceSet
e ShellSet
e BodySet
e PRointCloudSet
As seen|in Figure 144, all topology types are derived from TopologyBaseType.
€% FaceMesh 4 Fa-ceM;;h';yp_e
SO\
‘ﬁj FaceSetType L@» FaceBase
€9 Face ‘j-‘ “42 FaceType “#% FaceBaseType
@»_ LEOPM:Sh 4% LoopMeshType
€% FaceSet } v :ﬁi LoopSetType €% LoopBase
<> Loop§e£~ €% Loop “42 LoopType 4 LoopBaseType
L é} V;artexSet 42 VertexSetType &P Vertex “2 VertexType
€2 TopologySet “ TopologySetTy;:a—: £ EdgeSet 4% EdgeSetType &£ Edge “2 EdgeType “ TopologyH
o~
49 shellSet "fz ShellSetType €% Shell “42 ShellType
€ BodySet 4% BodySetType £ Body “€ BodyType
€% pointCloudSet “42 PointCloudSetType £ pointCloud 42 PointCloudType

pseType

Figure 144 — Topology Types

The main topological items are:

Body - a set of oriented shells built on collections of connected face elements

Shell - a set of connected faces

Face - a bounded portion of a surface
Loop - a circuit of edges bounding a face
Edge - a bounded piece of a 3D curve

Vertex - lies at a point and can be used to bound an edge
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Wire
| Vertex [2] I—» 3D Point
3D Point «——| Vertex [0..*] | | Edge [0..*] I—»| 3D Curve
i Body [0..*
Point Cloud l_{ v 0.1 }_ Legend: Topology
PomtCtoud0-% = :
—{  shenmLr | S
Mesh Parametric
SurfaceMesh FaceMesh [1..*] | Face [1..%] ’—— Surface
| LoopMesh [1..*] | | Loop [1..*]
| CurveMesh |<—| CoEdgeMesh [1..%] | | CoEdge [4..*] |—»| 2D Curve ‘
| 3D Curve |<—{ Edge [1..%] | | Edge [1..%] }—»| 3D Curve ‘
3D Point Vertex [2] i Vertex [2] — 3D Point
Figure 145 — Boundary Representation
All topolpgy objects contain thefollowing fields:
Field Name Data Type Description
@id QIFIdType The unique model entity identifier.
. The model entity "nameplate". Normally it can bg¢ seen
label :st Y .
@labe Xs:string at the entity item in the model tree.
@color ColorType The RGB color property of a model entity.
@transpareney Transpareneyfype The-transparency-property-of-a-modelentity-
@hidden «s:boolean The visibility property of a model entity in the graphical
window.
. A recommended size for visualization of an infinite
@size xs:double
drawable element.
Attributes AttributesType User-defined attributes (typified, binary array, or XML
structured).
7.5.3.1 Vertex

Vertex describes a topological vertex as illustrated in Figure 146.
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Vertex
@/
z \
Point
X Y
Figure 146 — Vertex
A verteX lies at a 3D point and is normally used to bound an edge.
Fields:
Field Name Data Type Description
The tolerance value, which is calculated as the
maximum distaneefrom the vertex underlying 3D
] ) point to the ends'of all neighboring edges that are
@tolergnce xs:double terminated in‘the neighborhood of this vertex. This
value can be defined only for the case of the tplerant
body.
Point ElementReferenceType Theiidentifier of a 3D point — the underlying
géometry of the vertex.
Examplé:
<Vertek 1id="401">
<Poipt>
<IE>398</Id>
</Pofint>
</Vertpx>
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Edge describes a topological edge as shown in Figure 147.

Curve(t)

Edge

T

7

VertexBeg

>4

An edgq is a bounded piece of a 3D curve.

Fields:

Figure 147 — Edge

|
VertexEnd

Field Name Data Type

Description

@tolergnce xs:double

The tolerancewvalue calculated as the maximum
distance betweéen the 2D parametric co-edges g
neighboring faces. The edge tolerance for the ¢
tolerantbody.

f the
hse of

Validatipn ValidationEdgeType

Theset of edge validation properties.

Curve ElementReferenceType

iThe identifier of a 3D curve that is the underlyir
geometry of this edge.

g

VertexBeg ElementReferenceType

The identifier of the vertex, which bounds this 6
the beginning of the edge. The 'underlying' para
of VertexBeg must be less than the 'underlying'
parameter of VertexEnd. Or, in other words, thé
always follows the natural parameterization of
underlying 3D curve. If there is a need to pass a
in the opposite (to the natural parameterizatior]
underlying curve) direction then the correspond
flag shall be defined at the loop level.

dge at
meter

e edge
he

h edge
of the

ing

The identifier of the vertex, which bounds this 6
the end of the edge. The 'underlying' paramete
VertexEnd must be bigger than the 'underlying'

dge at
Kl

VertexEnd ElementReferenceType

parameter of VertexBeg. In other words, the e

ge

always follows the natural parameterization of the
underlying 3D curve. If there is a need to pass an edge
in the opposite (to the natural parameterization of the
underlying curve) direction then the corresponding

flag shall be defined at the loop level.

Example:

<Edge id="405">
<Curve>
<Id>390</Id>
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</Curve>
<VertexBeg>
<Id>566</Id>
</VertexBeg>
<VertexEnd>
<Id>401</Id>
</VertexEnd>
</Edge>
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7.5.3.3 Loop
Loop describes a topological loop as shown in Figure 148.

vV A
DomainV1¢-----7-------—--------Qb------------ .
I o et . ittt 7 |
1 === \¢V\ """ =g 1
[ 1 1
[ ‘f ] ,' 1
1. Iy 1
1 I . Iy 1
oy 1y 1
ro 1y 1
: " 1y 1
I 1, 1
: I : 1y 1
I Iy 1
o) 1y 1
R /17~ Loop
p : \ | Iy 1
L 1
T 7, ]
s - !
. 1
DomainVgJg--< - - o m i
| ! u
DomainUq,° DomainUg !

Figure 148 — Loop

A loop ig a-eircuit of edges (in 3D space) with corresponding CoEdges (in surface parametel space)
bounding a face. CoEdges are shown in Figure 149.

Fields:
Field Name Data Type Description

The loop type that can take one of
the following values: 'UNKNOWN',

@form LoopFormEnumType 'OUTER", 'INNER", 'SLIT' or
'VERTEX'.
An array of co-edges that forms

CoEdges CoEdgesType the loop.
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. ) This flag shows if the referenced

CoEdges/CoEdge/EdgeOriented/@turned | xs:boolean edge shall be inverted.

CoEdges/CoEdge/EdgeOriented/Id QIFReferenceType A reference to an edge.

CoEdges/CoEdge/Curvel2

ElementReferenceType

A reference to a 2D curve which is
a projection of the edge underlying
3D Curve onto the face underlying
surface.

Example:

TR IR 1] Pk == 1]

<Loop IRO e e )
<CoEdges n="4">
<CpEdge>
EdgeOriented>
<Id>405</Id>
/EdgeOriented>
Curvel2>
<Id>520</Id>
/Curvel2>
</LoEdge>
<CpEdge>
EdgeOriented>
<Id>469</Id>
/EdgeOriented>
Curvel2>
<Id>532</Id>
/Curvel2>
</[CoEdge>
<CpEdge>

<Id>511</Id>
/EdgeOriented>
Curvel2>
<Id>547</Id>
/Curvel2>
</[CoEdge>
<CpEdge>
EdgeOriented>
<Id>567</Id>
/EdgeQ0niented>
Curved2>
<I8>563</Id>
/Qurvel2>

EdgeOriented turned="1">

</CoEdge>
</CoEdges>
</Loop>

7.5.3.3.1 Co-Edges

A CoEdge defines a parameter space curve (i.e. the projection of an underlying 3D Curve of an
edge onto an underlying surface of a face) that represents a part of the face trimming loop and
additionally includes the corresponding edge orientation flag.
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Figure 149 — Co-Edge

250 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

7.5.3.3.2 Loop forms

The QIF data model allows defining of the four loop forms: 'OUTER' (shown in Figure 150), 'INNER'
(shown in Figure 151), ‘SLIT’ (shown in Figure 152) and ‘VERTEX’ (shown in Figure 153). In
addition, the ‘UNKNOWN’ loop form may be used.

Outer Loop

VA

DomainVgs-----

- -+
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Yc

DomainUg° DomainUg

Figure 150 — Quter Loop
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Inner loop
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Figure 151 — Inner Loop
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Figure 152 — Slit Loop
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Figure 153 — Vertex Loop
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LoopMesh describes a topological mesh loop as shown in Figure 154.

A mesh floop is a circuit of CoEdges bounding a mesh face as shown in Figure 155.

Fields:

Figure 154 — Mesh Loop

LoopMesh

Field Name

Data Type

Descriptign

CoEdgepMesh

CoEdgesMeshType

An array of mesh co-
edges that formp a
mesh loop.

CoEdgesMesh/CoEdgeMesh/EdgeOriented/@turned

xs:boolean

TFhis-flag-shewsf the
referenced edge must
be reversed from the
original edge
orientation.

CoEdgesMesh/CoEdgeMesh/EdgeQriented/Id

QlIFReferenceType

A reference to an edge
with a given
orientation.

CoEdgesMesh/CoEdge/CurveMesh

ElementReferenceType

A reference to a mesh
curve. This is the
projection of the
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underlying 3D Curve of
an oriented Edge onto
an underlying mesh
surface of a mesh face.

Example:

<LoopMesh i1d="113">
<CoEdgesMesh n="4">
<CoEdgeMesh>
<EdgeOriented>

<Id>405</Id>
/EdgeOriented>
CurveMesh>
<Id>520</Id>
/CurveMesh>
</LoEdgeMesh>
<CpEdgeMesh>
EdgeOriented>
<Id>469</Id>
/EdgeOriented>
CurveMesh>
<Id>532</Id>
/CurveMesh>
</LoEdgeMesh>
<CpEdgeMesh>
EdgeOriented turned="1">
<Id>511</Id>
/EdgeOriented>
CurveMesh>
<Id>547</Id>
/CurveMesh>
</LoEdgeMesh>
<CpEdgeMesh>
EdgeOriented>
<Id>567</Id>
/EdgeOriented>
CurveMesh>
<Id>563<A¥d>
/CurveMesh>
</[oEdgeMgsh>
</CoEdgesMesh>
</LoopMesh>

7.5.3.4.1 Mesh Co-Edges
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Figure 155— Mesh Co-Edge
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7.5.3.5 Face

Face describes a topological face as shown in Figure 156.

Inner loop

ANSI/DMSC QIF 3.0 - 2018

T
3
<

A

DomainV
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1
1
i
1
Inner loop ~ e .
\/” Oy r

| ,I \‘ \ ;’ :\:\
\ ') Outer loop
f

1

__+________

Quter loop

Yc

DomainUs,{°

Figure 156 — Face

DomainUg

A face i3 a-bounded portion of a parametric surface.
Fields:
Field Name Data Type Description
@turned «s:boolean This fl'?\g Sh‘OWS‘If the face normal goes in the
opposite direction of the surface normal.
This flag shows if the face has its outer loop
explicitly represented in the loop array. If this
@hasOuter xs:boolean attribute is false, the natural border of the
underlying surface shall be taken as the face
outer loop.
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Validation ValidationFaceType The set of face validation properties.

Surface ElementReferenceType | The identifier of the underlying surface.

The array of identifiers of the face trimming

L | A Ref T
ooplds rrayReferenceType contours.

Example:

<Face id="174" color="191 191 191" turned="1">
<Surface>
<Id>102</Id>
</Sufrface>
<LoopIds n="1">
<IE>113</Id>
</LoppIds>
</Face

7.5.3.6 Mesh Face

FaceMeEkh describes a topological mesh face as shown in Figure 157.

Mesh

z
T Second loop

7
/\~ First loop

X Y

Figure 157 — Mesh Face
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As shown in Figure 158, a mesh face is built on a mesh surface bounded by a set of closed

Orange triangles

Figure 158 — Mesh kace (Triangle Visibility and Color)

ANSI/DMSC QIF 3.0 - 2018

Hidden triangles

Blue trighgles

triangulation paths (polylines formed from the triangle edges). The triangles of a mesh face nay be

colored pnd they may be hidden. By default, all triangles in a mesh face are visible, and theif

appearance is the same-gn-both sides.

Fields:
Field Name Data Type Description
This attribute shows if the face orientation shall be
reversed from the orientation of the underlyjing
surface. If the value is true, the face orientation
@turned xs:boolean . . .
shall be opposite the surface orientation. If the
value is false, the two orientations shall be the
same.
Validation ValidationFaceType The set of face validation properties.
Mesh ElementReferenceType | The identifier of the underlying mesh surface.
Looplds ArrayReferenceType An array of identifiers of the face trimming
contours.
Triangles ArraylntType The array of triangle indices of the underlying mesh
or or surface. All elements of this array must be unique
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TrianglesBinary

ArrayBinaryType

and must lie in the range [0, number of triangles in

the underlying mesh surface - 1].

TrianglesVisible

or

TrianglesVisibleBinary

or

TrianglesHidden

or

TrianglesHiddenBinary

ArrayIntType
or

or
ArrayIntType
or

ArrayBinaryType

ArrayBinaryType

The indexes from the Triangles array of the

triangles that should be visible or hidden. If this
element is not used, all triangles are visible. If
TrianglesVisible[Binary] is used, all other triangles in

the mesh face are hidden. If

TrianglesHidden[Binary] is used, all other triangles

in the mesh face are visible.

An array of unsigned byte values that defines colors

Trianglg
or
Trianglg

sColor ArrayIntType
or
sColorBinary

ArrayBinaryType

of the face interior triangles. Each element.g
array is a triplet of unsigned byte numbeérs
representing the RGB color: the red-compon
the green-component and the blueieompon
The number of array elements,corresponds
number of triangles in the face’interior.

f this

ent,
bnt.
o the

Examplé:

<FaceM
<Mes
<I
</Me
<Loo
<I
</Lo
<Tri
19
</Tr
<Tri
0
</Tr
<Tri
25
25
25
12
25
10
25
12
</Tr

esh 1id="234">

h>

0>34</Td>

sh>

pIds n="1">
0>55</Td>

opIds>

bngles n="8">

20 21 22 23 40 41 42
iangles>
bnglesHidden n="3">
6 7

ianglesHidden>
bnglesColor n="8">
255 255

255 255

255 255

00

10 255

255 255

10 265

3 0 0
iaftiglesColor>

01 O O oo O O On

</Face

Mesh>

©IS

02020 - All rights reserved

261


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

7.5.3.7 Shell

Shell describes a topological shell as shown in Figure 159.

( ) Normal

Figure 159-— Shell
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Figure 160 — Shell Faces

A topolggical shell is a’set of connected faces. Figure 160 shows an exploded view of the fagces of a
shell algng with theirqiormal vectors.

Fields:

Fidld-Name Data Type Description

This flag shows if the shell orientation shall be reversed
from the orientation of the component faces. If the
@turned xs:boolean value is true, the shell orientation shall be opposite the
faces orientation. If the value is false, the two
orientations shall be the same.

This flag shows if the shell is closed (there are no gaps

@closed xs:boolean

or open contours).

The shell type that can take one of the following
@form ShellFormEnumType values: "UNKNOWN', 'OUTER' or 'INNER".
Facelds ArrayReferenceType An array of face IDs.
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Example:

<Shell id="578"
<FacelIds n="6">
<Id>176</Id>
<Id>180</Id>
<Id>178</Id>
<Id>174</Id>
<Id>179</Id>
<Id>177</Id>
</Facelds>

closed="1"

form="OUTER">

ANSI/DMSC QIF 3.0 - 2018

</Shelf>

7.5.3.8 Body

Body déscribes a topological body as shown in Figure 161.

Normal

Figure 161 — Body

Outer shell

Inner shell (void)

A body is-aselidrepresented-as-a-set-efone-outerand-anumberefnnershells
Fields:
Field Name Data Type Description
The body type that can take one of the
following values: 'UNDEFINED',
@form BodyFormEnumType | .0 \IMED_SURFACE', 'WIRE', 'SOLID",
'SHEET' or 'MIXED".
Validation ValidationBodyType The set of body validation properties.
Transform ElementReferenceType | The identifier of the transformation matrix.
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Shelllds ArrayReferenceType

The array of shell identifiers

Facelds ArrayReferenceType

The array of face identifiers.

Looplds ArrayReferenceType

The array of loop identifiers.

Edgelds ArrayReferenceType

The array of edge identifiers.

Vertexlds

ArrayReferenceType

The array of vertex identifiers.

Example:

0N o 1 2

o= et r="6—255
1 1Tds n="1">
>578</Id>
~11Ids>
~Tds n="06">
d>176</Id>
4>179</Id>
1>180</Id>
1>178</Id>
d>174</1Id>
3>177</1d>
celds>

pIds n="6">
d>126</Id>
d>161</Id>
4>171</Id>
4>151</Id>
4>113</Id>
4>139</Id>
bpIds>

cIds n="12">
1>539</Id>
1>555</Id>
d>567</Id>
1>575</Id>
4>511</Id>
1>495</Id>
4>487</Id>
H>456</Ld¥
H>430</ 18>
>405</Td>
<Id>469</Id>
<IP>425</Id>

<Body
<She
<I
</Sh
<Fac
<I
<I
<I
<I
<I
<I
</Fa
<Loo
<I
<I
<I
<TI
<I
<TI
</Lo
<Edg
<T
<T
<T
<T
<T
<TI
<TI
<I
<I
<I

</EdgeIds>

<VertexIds n="8">
<Id>553</Id>
<Id>566</Id>
<Id>494</1d>
<Id>486</Id>
<Id>451</Id>
<Id>401</Id>
<Id>462</Id>
<Id>421</Id>

</VertexIds>

</Body>
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PointCloud describes a cloud of points as shown in Figure 162 and Figure 163.

. L]
Points, ° .

266

=

Figure 162 — Cloud of Paints

NOFmarsm_]

A

~N

Figure 163 — Cloud of Point with Defined Normals

N — number of points
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Hidden points

Figure 164 — Point Cloud (PointVisibility and Color)

Orange points

A point ¢loud is a collection of 3D points with an eptional set of associated normals. The poifts may
be colorpd and they may be hidden. In order te:simplify work with point clouds QIF consider$ this
object ap a topological exception. This means that this type of geometric data does not need any

extra topological wrapper and it can partigcipate in the model scene as it is.

Fields:
Field Name Data Type Description
Points ArrayPointType
or or The array of 3D points.
PointsBjnary ArrayBinaryType
Normalp ArrayUnitVectorType The array of normals. The number of
or or elements in this array must equal the
NormalgBinary ArrayBinaryType number of 3D points in this point cloyd.
PointsVjsible ArraylntType The indexes from the Points array of the
or or points that should be visible or hidden. If

PointsVisibleBinary
or

PointsHidden

or
PointsHiddenBinary

ArrayBinaryType
or

ArrayIntType

or
ArrayBinaryType

this element is not used, all points are
visible. If PointsVisible[Binary] is used, all
other points in the point cloud are hidden. If
PointsHidden[Binary] is used, all other points
in the point cloud are visible.

PointsColor
or
PointsColorBinary

ArrayIntType
or
ArrayBinaryType

An array of unsigned byte values that defines
colors of the points. Each element of this
array is a triplet of unsigned byte numbers
representing the RGB color: the red-
component, the green-component and the
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blue-component. The number of array
elements corresponds to the number of
points.

Example:

<PointCloud id="3">

<Points n="20">
-1.16929133858268 -0.78740157480315 0.511811023622047
-0.883047171186937 -0.687746062992126 0.638852435112278
-0.63918051910178 -0.620078740157481 0.622630504520268
-0[.259113444152814 -0.551181102362205 0.374744823563721
0.100984251968503937 -0.521653543307087 0.196850393700787
-1[.27238261883931 -0.212890055409741 -0.0729075532225137
-0[.980417571260382 -0.19196288735513 0.125172480368966
-0[.731792013652614 -0.177678407483015 0.203090740200685
-0[.334651069850837 -0.162556840888716 0.146355162394824
-0[.0211431904345291 -0.15456401283173 0.05271216097°98776
-1[.28273549139691 0.134149897929426 -0.596383785360)163
-0[.995118906818745 0.0690377148072541 -0.360411738656125
-0[.750102610630461 0.0254231338366655 -0.245109%93374594
-0[.352964367108432 -0.0143654882645842 -0.24891178726116
-0[.0215077282006419 -0.0193205016039662 -02352580927384077
-1[.37795275590551 0.551181102362205 -1.10236220472441
-1[.12086249635462 0.318970545348498 -0.,995051399825022
-0[.896033829104695 0.163312919218431.,0.939413823272091
-0[.514727325750948 0.0204141149023039 -0.927384076990376
-0].177165354330709 0 -0.954724409448819

</Pofints>

<Normals n="20">
-0[.623765689571477 0.380773422526389 0.682589162828535
-0[.310237069934693 0.562301118777707 0.766531416355309
0.1090750754593406 0.625699548958669 0.774767303758777
0.p77779206607798 0.41383801444322832 0.70351940491219
0.100191672240401954+0.0146948717641499 0.99989018743013
-0[.5092323473503780.675520319522933 0.533249204709822
-0[.326094688542491 0.757232035434036 0.56591686546418
-0[.11800194673F/18 0.795610989745604 0.594204252394364
0.p05316690584309 0.75203536789529 0.626328876870692
0./005886914.78872499 0.776036953180493 0.630659965062479

-0/.325919814041952 0.783893402891083 0.528476496846074
-0].05976€24697937558 0.921696358846995 0.383280927378786
0.0741285257671752 0.965747087229765 0.248671520634772
0.0820453652229759 0.988778769243019 0.125491809573915
0.0200710836160788 0.993714825343097 0.110127187813973
0.398014876083999 0.696526033146993 0.597022314125991
0.588385732990174 0.795976710575262 0.142208668636623
0.501600088180723 0.865095712095178 0.00260008685018021
0.16965400244185 0.984848612494367 -0.0359267299288623
010
</Normals>
</PointCloud>
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7.5.3.10 Sewn Faces

Two faces sewn together have at least one common edge between them that corresponds to co-
edges defined on each of the two faces. The bypass of the co-edges shall be oriented so that they
are opposite from each other in order to conform to the normals of each face. If the orientations of
the underlying surfaces are not conformal — the face optional attribute “@turned” shall be used to
specify that the face normal is opposite to its underlying surface normal. Sewn faces are illustrated
in Figure 165 and Figure 166.

Sewn edge

Figure [L65 — Sewn Faces (normals of the underlying surfaces are conformed: Turnedo = Turned; =
FALSE)
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Figure 166 — Sewn Faces (normals of the underlying surfaces are not conformed: Turnedo (FALSE)
# Turned; (TRUE))

Sewn edge

One of implications of the face normals conformance requirement is impossibility of a Mobiug strip
definition.

7.5.3.11) Tolerant Edges and Vertices
It is highly recommended to maintain one global model tolerance for a whole body. It makes|the
body definition more robust for geometric algorithms and less problematic to transfer to othey
environments, systems and formats. There are a number of geometric kernels, which allow the
loosening of tolerances on,seme model entities while maintaining topological connectivity. This
concept|is referred to as‘tolerant modeling.

QIF can|store data.from both types of modelers (exact and tolerant) by use of the optional aftribute
“@tolergnce” that can be specified for edges and vertices.

Toleran{ edges shall contain the actual tolerance value, which is calculated as the maximum
distance between the 2D parameitric co-edges of the neighbor faces

Tolerant vertices shall contain the actual tolerance value, which is calculated as the maximum
distance from the vertex underlying 3D point to the ends of all neighboring edges that are
terminated in the neighborhood of this vertex.

Figure 167 illustrates tolerant edges and vertices.
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Vertex,

S

Face;

Figure 167 — Tolerant Edges and Vertices
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Assembly Graph: Root, Parts, Assemblies and Components

RootAssembly

Legend: | Component

Figure 1
assemb

A partd

instantigted multiple times:in the CAD scene. The use of part instances simplifies the need t
identical mode) elements and reduces the total amount of scene data.

maintair

An asse|

-

Assembly
Part
Chassis Front axle ' Back axlg
id=176 with wheels, id=87 with wheels, id=85
Chassis Axle with
id=88 wheels, id=5

Axle Left wheel Right wheel
id=83 id=45 ] id=42

-

Axle, id=47 Wheel, id=6

Figure 168 =~RProduct directed acyclic graph

68 shows the product directed acyclic graph representing the relationships between|parts,

ies and components that describe the product content.

efines one body or.a.number of bodies (also known as a “multi-body part”), and can pe

O

mMbly defines one or more bodies and may also include other components (instances of

scene.

he use of assemblies simplifies the need to maintain identical model elements and feduces

other st or-sub-assemblies). An assembly itself can be instantiated multiple times in the CAD

the totallafmeurtofseene-data:

Assembly Fields (product graph relationships):
Field Name Data Type Description
The array of component identifiers used in
Componentlds ArrayReferenceType the product definition.

Component defines a single instance of a part or an assembly.

Fields of component (product graph relationships):
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Field Name Data Type Description
Transform ElementRefernceTvpe The identifier of the transformation matrix
P that maps the component into the product.

Part

ar The identifier of a part or assembly to be
or ArrayReferenceType . .

instantiated.

Assembly

Root of the product directed acyclic graph:

Root Description

—

The starting point of the product directed acyclic graph fora pa
Product/RootPart The graph contains only one node because the part cannot contiain
references to any components or assemblies.

The starting point of the product directed acyclicjgraph for an
assembly.

The starting point of the product directed‘acyclic graph for a
component.

Product/RootAssembly

Product/RootComponent
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7.5.4.2 References in Assemblies (AsmPaths)

AsmPath defines information about an assembly path; the path is used to identify entities within an
assembly, as seen in Figure 169. The assembly path is a sequence of identifiers of the scene
components that contain the entity of interest. The sequence defines the path from the root to the
entity parent component. The id of the parent component shall be the last element in this sequence.

RootAssembly :ﬁ
ssembly

)/ —_ ©t=

Chassis Front axle Back axle |
d=176 with wheels, id=87 with wheels, id=85
Chassis Axle with Axle with

id=88 wheels, id=5

<

wheels, id=5

Axle Left wheel Right wheel Axle Left wheel Right wheel
id=83 id=45 id=42 I id=83 id=45 id=42
: : J """ : : .
| Axle, id=47 ‘ ‘ Wheel, id=6 ‘ L\@]eel, id=6 ‘ ‘ Axle, id=47 ‘ ‘ Wheel, id=6 ‘ ‘ Wheel] id=6 ‘

- 00

“Eront right wheel” path = {87, 42} “Back axle with wheels” path = {85

Figure 169 — Unfolded product tree
AsmPath definition:
AsmPathk={Componentlds,, ..., Componentlds,_,}

n —number of elements in Componentlds

Componentlds, — this component does not have a parent component
Componentlds;_, — the nearest parent component for Componentlds;, ie[l,n—1]

AsmPath Fields:

Field Name Data Type Description

@id QIFIdType The QIF identifier.

The array of identifiers of the scene components that

Componentids ArrayReferenceType contain the entity of interest. This array defines the path
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from the root to the parent component. The id of the
parent component must be the last element of this array.

Unfolded Part instances within the Product:

Part Part id Instance AsmPath
Chassis 88 Chassis 176
Axle 47 Front axle 87,83
Axle 47 Back axle 85, 83
Wheel 6 Front left wheel 87,45
Wheel 6 Front right wheel 87,42
Wheel 6 Back left wheel 85, 45
Wheel 6 Back right wheel 85, 42
Unfoldedl Assembly instances within the Product:

Assembly Assembly id Instance AsmPath
Car 3 Car <empty>
Axle with wheels 5 Front axle withcwheels 87
Axle with wheels 5 Back axle'with wheels 85

In QIF &l assembly paths used for referencing are collected in the table AsmPaths only when
Every assembly path has-its own unique QIFId that is included in one or more refer
5 of QIFReferenceFullType. This provides a clear, unambiguous and compact way gf
ing part entities within)an assembly of any complexity. See Figure 170 for an example.

needed.
element
referenc
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<!-- Product/AsmPaths -->
<AsmPaths n="2">
<!-- Front right wheel
\ZAsmPath 1d="10002">  ~
: <ComponentIds n="2">

1 <Id>87</Id

I
I
v

ANSI/DMSC QIF 3.0 - 2018

RootAssembly

l

|

[ <Id>42</Id
I </ComponentIds>
(</AsmPath> |
<! -- Back axle with wheels -->

P - S S - L WaTaTalwdll

Front axle
with wheels, id=87

Y

<ComponentIds n="1">
<Id>85</Id>

</ComponentIds>

/AsmPath>

</AsmPaths>

A

<!4- Reference from object to vertex --»
<PdintFeatureNominals>

4EntityInternalIds n="1">

<Id AsmPath=['10002"
4/EntityInternalIds>

/Id>

</HointFeatureNominal>

Examplg: OQ

<l-= Product/AsmP& -——>

<AsmPalchs n="2"><>
<!--| Front <&Ht wheel -->
<AsmPath iQ? 10002">
<Clmpo Ids n="2">
IQ%V</Id>
Gg>42</1d>

<!-- Reference to Vvertex 21 in “Front right wheel” ——<:§k l

Axle with
wheels, id=5

57 | Right wheel
o Tl id=42

Wheel, id=6

Vertex
Id=21

Figure 170 —C@%}ence of a part entity within an assembly

</ComponentIds>

</AsmPath>

<!-- Back axle with wheels -->

<AsmPath id="10007">
<ComponentIds n="1">

<Id>85</Id>

</ComponentIds>

</AsmPath>

</AsmPaths>

<!-- Reference from an object to a Vertex -->

<PointFeatureNominal>
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<EntityInternallds n="1">
<!-- Reference to the Vertex 21 in “Front right wheel” -->
<Id AsmPath="10002">21</Id>

</EntityInternalIds>

</PointFeatureNominal>

7.5.4.3 Positioning of parts, sub-assemblies and bodies

2018

Parts and subassemblies may be instantiated multiple times via components. Positioning of a

compongnt(parto
Transfom field of the component.

~

(x) — transformation

~

[(x): R3 = R

RA — part or subassembly

N

lsmPath — assembly path to PA

AsmPath = {C,, ..., Ch_1}

TC;(x) — transformation associated with the i — th~component, where x —

d 3D point of PA

1C,0x) = {transformation referenced by Tdansform, if the Transform field is f
2 identity transformation, otherwise

Position|ng of PA geometry inside the paretaf'component C,_; shall be calculated by applying
transfo%:ation TCc,_, to the PA entities’.To calculate position and orientation of PA entities in Global

Model
transfor

pace, it is necessary to follow the entire instantiation chain (AsmPath) sequentially g
ations coming from PA-to’the assembly root.

~

~

'PAmodel(x) € (TC¢, o TC¢, © ..o TCc,_ )(x),  x — the 3D point defined in PA

A body ¢an be included in only one part or assembly (the Definitioninternal/Bodylds field in
definition of Rart/Assembly). Positioning of bodies is defined by the transformation specified

lled

pplying

[PAmodel(x) — total-transformation of a 3D point defined in PA to Global Model §pace

in the

Transfonlm field.

B —a body referenced from a part or a subassembly PA

TB;(x) — transformation associated with the i — th body, where x — a 3D point
TB;(x)

_ {trans formationreferenced by Transform, Transform presented inthei — th
~ lidentity transformation, otherwise

of B

body

To calculate the position and orientation of the B geometry inside PA it is necessary to apply the

TBg transformation to the B geometry.
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To calculate the position and orientation of the B entities in Global Model Space, it is necessary to
apply the TPAmodel transformations as described above.

TBmodel;(x) — transformation of a 3D point defined in the i;;, body Global Model Space

TBmodelg(x) = (TPAmodel o TBg)(x), x —a 3D point defined in B
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7.5.4.4 External Definitions of Parts and Assemblies

Figure 171 shows how a part or assembly can also contain external definitions such as files,
images, drawings, CAD files of native or neutral formats, physical model or prototype, etc.

Product

TopologySet/BodySet |-

Part or Assembly

Bodylds
DefinitionInternal
DefinitionExternal | Name PrintedDrawing
—/\ \\ S,
o
4'2‘@
DigitalModel
(STEP)
DigitalModel
(CATIA)

Figure 171 —-Multiple representations for parts and assemblies

7.5.4.4.1 PrintedDrawing

Printedrawing defines.ifformation about a printed drawing of a product. This may be on paper,
mylar, of some othef physical media.

Fields:
Field Name Data Type Description
Name xs:string The name of the model.
. . The version of the model associated with product

Version xs:string L
being inspected.

Description xs:string A description of the model.

Author/Name xs:string The name of the author.

Author/Organization xs:string The name of author's organization.

DrawingNumber xs:string The d.rawing _number of the. pri!'lted drawing
associated with product being inspected.
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The description or references to descriptions of any

AdditionalChanges xs:string additional changes to the drawing beyond what is
included in the Version.
A ipti f the physical | i f the print

Location xs:string des.crlp ion of the physical location of the printed
drawing.

Example:

<PrintedDrawing id="1">

<Namp>hdget—Drawrmo</Narme

<Verlsion>2</Version>

<Desfription>Widget Drawing rev02</Description>
<DrawingNumber>12345</DrawingNumber>

<Locption>Engineering</Location>

</PrinftedDrawing>

7.5.4.4.2 DigitalDrawing

The DigltalDrawing defines an electronic version of a drawing. It has only 2D drawing informiation.

Any gegmetric dimensioning and tolerancing information is drawn.with annotation symbols.

Fields:
Field Name Data Type Description
Name xs:string The name of the model
, The full lified identifier (URI) of
File/Name xs:token © .u v qualified identifier (PRI) o
the file.
File/Vegsion xs:token The version number of the filg.
File/Fomat DigitalModelFormatType | The file format.
The name of the software
Application/Name xs:string application wherein the modgl was
most recently edited.
The name of the organizatior| that
Application/Organization ws:strin created the software application
PP 8 ’ & wherein the model was most
recently edited.
The name of the software adgl-on
ApplicationfAddonName xs:string application wherein the modgl was
most recently edited.
The name of the organization that
created the software add-on
Application/AddonO izati :stri L .
pplication/AddonOrganization Xs:string application wherein the model was
most recently edited.
Author/Name xs:string The name of the author.
Author/Organization xs:string The name of author's organization.
The name of the software
ApplicationSource/Name xs:string application wherein the model was
created.

280
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ApplicationSource/Organization

xs:string

The name of the organization that
created the software application
wherein the model was created.

ApplicationSource/AddonName

xs:string

The name of the software add-on
application wherein the model was
created.

ApplicationSource/AddonOrganization

xs:string

The name of the organization that
created the software add-on
application wherein the model was
created.

Description

xs:string

A description of the model.

Entities

EntitiesExternalType

A list of instances of the
EntityExternalType @ssdciated with
the model. Onlythose entities from
the model that beed to be
referencedshould be included in
this list.

Examplé:

<DigitplDrawing id="5">
<Namp>Drawing</Name>
<Filpe>

<Npme>c:/models/drawing 133.catdraw®ng</Name>

<Fpprmat>

</Format>
</Fifle>

DigitalModelFormatEnum>CATIA</DigitalModelFormatEnum>

<Deslcription>Sample drawing</Description>

</DigiftalDrawing>

7.5.4.4.3 DigitalModel

The Dig(talModel defines a-digital data model that represents information about an assembly or part.

Fields:
FieldName Data Type Description
Name xs:string The name of the model
File/Nate sstoken The fully qualified identifier (URI) of
the file.
File/Version xs:token The version number of the file.
File/Format DigitalModelFormatType | The file format.

The name of the software

Application/Name xs:string application wherein the model was
most recently edited.
The name of the organization that
o . . created the software application
Application/Organization xs:string

wherein the model was most
recently edited.
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The name of the software add-on
Application/AddonName xs:string application wherein the model was
most recently edited.

The name of the organization that
created the software add-on

Application/AddonOrganization xs:strin . .
PP / g & application wherein the model was

most recently edited.

Author/Name xs:string The name of the author person.

Author/Organization xs:string The name of author's organization.
The name of the software

ApplicationSource/Name xs:string application wherein the-medel was
created.
The name of the grgahizatior| that

ApplicationSource/Organization xs:string created the software application
wherein the model was created.
The name-of the software adfl-on

ApplicationSource/AddonName xs:string application wherein the modgl was

created.

The name of the organizatior| that
created the software add-on

ApplicationSource/AddonOrganization | xs:string application wherein the model was

created.
Description xs:string A description of the model.
Units OtherUnitsType Specifies the units used in the
model.
Specifies the presence of geometric
GDT GDTEnumType dimensioning and tolerancing
information in model.
Topolody TopologyEnumType Specifies the presence of topplogy
information in model.
A list of instances of the
EntityExternalType associated with
. . the model. Only those entities from
Entities EntitiesExternalType the model that need to be
referenced should be included in
this list.
Example:
<DigitalModel id="6">
<Name>Model</Name>
<File>
<Name>c:/models/model 12.sat</Name>
<Format> B
<DigitalModelFormatEnum>ACIS</DigitalModelFormatEnum>
</Format>
</File>
<Description>Sample drawing</Description>
<Units>
<LinearUnit>

282 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

QIF MBD 3.0

<UnitName>mm</UnitName>
</LinearUnit>
</Units>
<GDT>MACHINEREAD</GDT>
<Topology>PRESENT</Topology>
<Entities>
<Entity id="101">
<EntityId>1903</EntityId>
<Name>Wheel body</Name>
</Entity>
<Entity id="102">

ISO 23952:2020(E)

ANSI/DMSC QIF 3.0

- 2018

EntityId>4324</EntityId>
Name>Chassis body</Name>
</Entity>
</Enftities>
</DigiftalModel>

7.5.4.4.4 PhysicalModel

The PhysicalModel is an actual, hands-on, physical, model or prototype of’a part that is used to

commurjicate features, datum reference frames, characteristics, or,other information. Examples of
physicallmodels include actual part instances, part instances made from other materials, and 3D
printing gnd stereolithography models.
Fields:
Field Name Data Type Description
Name xs:string The name of the model.
. . The version of the model associated with product
Version xs:string .
being inspected.
Description xs:string A description of the model.
Author/Name xs:string The name of the author.
Author/Organization xs:string The name of author's organization.
A ipti f the physical | i f the physical
Locatioh xs:string description of the physical location of the physica
model
ModelNumber xs:string The model number of the physical model being
inspected.
Examplg:

<PhysicalModel id="7">
<Name>Wheel</Name>
<Version>2</Version>

<Location>Warehouse 2, position 24A/10</Location>
<ModelNumber>23876-2372-33</ModelNumber>

</PhysicalModel>
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A layer is a “slice” of the model containing a set of model entities independent of the referencing
model hierarchy. The user can specify an arbitrary number of layers for one model. A model entity
can be included in a single layer or multiple layers.

Fields:

Fiel

d Name Data Type Description

@applyColor xs:boolean

Shows if the layer color supersedes colors of the model

entities associated withrthis tayer:

@index|

xs:unsignedint The layer index.

Elemen

Hlds ArrayReferenceFullType An array of entity identifiers presentsn this thi

5 layer.

Examplg:

<Layer
<Ele
<I

<I

<I

<I
</El
</Laye

7.5.4.6

PartNotg
a separd
are visiig
the part

Fields:

h

id="33" applyColor="0" hidden="0" label="Layex 1" index="12"
mentIds n="4">

4>23</Id>

4>24</Id>

4>1324</Id>

4>1323</Id>

cmentIds>

>

Part Notes

p describes a part (standard) note —a-treelike note used for annotating of a whole m
ite model entity. In QIF all part notes are collected in the PartNoteSet. Normally part
le in the model tree, and in some systems are also visualized in the graphical windo|
notes are implemented in-QIF as drawable entities with the corresponding set of attt

pdel or
notes
W SO

ibutes.

Fie

d Name Data Type Description

Text

xs:string A text of the current node of the part note.

PartNofelds ArrayReferenceType An array of identifiers of nested/children part

hotes.

Example:

<PartN
<Par
<I

<I

<I

<I

<I

<I

<I
</Pa

284

ote 1d="1427" label="NIST Test Case 1 CATIA V5R21 RB">
tNotelds n="7">

d>1428</Id>

d>1429</Id>

d>1430</Id>

d>1431</Id>

d>1432</1d>

d>1433</1Id>

d>1434</1d>

rtNoteIds>

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018

</PartNote>
<PartNote 1d="1428" label="Part Number">
<Text>NIST Test Case 1 CATIA V5R21 RB</Text>

</PartNote>

<PartNote id="1429" label="Revision">
<Text>B</Text>

</PartNote>

<PartNote id="1430" label="Nomenclature">
<Text>NIST Complex Test Case 1 V5R21</Text>

</PartNote>

<PartNote id="1431" label="Source">
<Tex|t>Unknown</Text>

</PartNote>

<PartNpte 1d="1432" label="Modeled By">
<Tex[t>Rich Eckenrode, RECON Services.com</Text>

</PartfNote>

<PartNpte id="1433" label="CAGE Code">
<Tex[t>64JW1</Text>

</PartfNote>

<PartNpte id="1434" label="Company">
<Tex[t>RECON Services Incorporated</Text>
</PartfNote>

7.5.4.7 Notes

Note degcribes an annotation note, which may be visualized in the graphical window as a 3
annotatipn or as a flat-to-screen note.

A4

Fields:

Fie|d Name Data Type Description

This attribute specifies the note form:

@form NoteFormEnumType '3D' - note defined on the 3D annotation plane;
'SCREEN' - note defined as flat to screen;

An array of identifiers of CAD entities associated with
this note.
An array of instance identifiers of EntityExterna|Type
associated with this note.

Entitylnternallds ArrayRéeferenceFullType

EntityExternallds ArrayReferenceFullType

Text xs:string A text of the note

Examplg:

<Note 1d="1455" label="Note 10" form="3D">
<EntityInternallds n="1">
<Id>2195</Id>
</EntityInternallds>
<Text>B</Text>
</Note>

Flag notes
NoteFlag describes a flag note, which is visualized by its flag note symbol and can be attached to

model entities. The shape of a flag note (flag style) is defined in an associated display info object.
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Fields:
Field Name Data Type Description
This attribute specifies the note form:
@form NoteFormEnumType '3D' - note defined on the 3D annotation plane;
'SCREEN' - note defined as flat to screen;
A fi ifi f CAD entiti i ith
EntityInternallds ArrayReferenceFullType n array of identifiers o entities associated wit

this flag note.

EntityExternallds ArrayReferenceFullType

An array of identifiers of instances of

l:n+i+\,ll:v+nrna|T\,1pn assaociated with thic 'Flag note.

Text xs:string A text of the flag note (the flag note symbol)
TextHidden xs:string A hidden text of the flag note.
A Uniform Resource Identifier for the.informatipn,
URI xs:anyURI . ) .
which may be, for example, a file or a web site.
Exampl¢:

<NoteFllag id="731" label="Flag Note 1">

<EntfityInternallds n="1">
<IFE>1096</Id>
</EnftityInternalIds>
<Tex|t>1</Text>
</Notefflag>
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7.5.5 Transformations

In order to support all varieties of systems and formats, QIF allows connecting transformations to all
topological and 3D geometric elements. However, it is recommended to limit the use of
transformations to high-level objects such as sub-assemblies, parts and bodies. That will help
eliminate any potential interoperability issues.

Transformation defines positioning of a 3D point specifying rotation and translation.

T (p) — transformation

(p): Rz = R3
Dx Origin, XDirection, XDirection, XDinection,
n= [py], Origin = |Origin, |, R = |YDirection, YDirection, YDirection,
Pz Origin, ZDirection, ZDirection, ~‘ZDirection,
T(p) = pR + Origin
Fields:
Field Name Data Type Description

An orthogonal*basis of the Cartesian coordinate
system. Direction X.
An orthogonal basis of the Cartesian coordinate
system. Direction Y.
An orthogonal basis of the Cartesian coordinate
system. Direction Z.

Rotatiop/XDirection | UnitVectorSimpleType

Rotatiop/YDirection | UnitVectorSimpleType

Rotatiop/ZDirection | UnitVectorSimpleType

Origin PointSimpleType An origin of the coordinate system.
Attributes AttributesType User defined attributes (typified, binary array,|or XML
structured).
Name xs:token The name of the transform.
Examplg:

<Trans|form 1d=%348">
<Rothtionx>
<XPpirection>0.9405 -0.3396 0.0</XDirection>
<Ypifeection>0.3318 0.9191 -0.2123</YDirection>
<zpirection>0.0721 0.1996 0.9772</zZDirection>
</Rotation>
<0rigin>0.0798 -0.2104 -0.0984</Origin>
</Transform>
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PointAuxiliary describes an auxiliary point, a point that does not directly participate in forming a
body, but in a definition of supplemental model entities, e.g. the center of a sphere, as seen in

Figure 172.
Point
X Y
Figure 172 — Point
Fields:
Field Name Data Type Description
XYz PointType The Cartesian three-dimensional coordinates of the 3D point.
Examplg:
<Pointhufitises ig-ng1on

T Ty

<XYZ>1.32 9.23 4.22</XYZ>
</PointAuxiliary>

7.5.6.2

Line

LineAuxiliary describes an auxiliary line, a line that does not directly participate in forming a body,
but in a definition of supplemental model entities, e.g. the axis of a cylinder, as seen in Figure 173.
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Figure 173 — Line
Fields:

Figld Name Data Type Description
StartPo|nt PointSimpleType The beginning point of the line segment.
EndPoint PointSimpleType The ending point of the line segment.
LineStyle LineStyleEnumType | The line style of the line segment.

LineStyle/@thickness

xs:positivelnteger

The thickness of the line In pixels.

Example:

<LineAuxiliary id="21">
<StartPoint>1.32 9.23 4.22</StartPoint>
<EndPoint>3.45 0.33 5.40</EndPoint>

</LineAuxiliary>
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7.5.6.3 Reference Plane

PlaneReference describes an auxiliary plane, a plane that does not directly participate in forming of
a body, but in a definition of supplemental model entities, e.g. the central plane of a feature, as seen
in Figure 174.

Reference Plane

(_ﬁ /
= - -
S el /
= “yer”
Point[>~. -7 el o SR
Z < -~
X Y
Figure 174 — Reference Plane
Fields:
Field Name Data Type Description
Plane/Point PointType The plane origin.
Plane/Normal UnitVectorType | The unit normal vector of the plane.
Examplg:
<PlaneReferenc¢e 1d="23">
<Plaphex
<Pp@rt>10.0 12.0 23.1</Point>

<Nortmali~>I.U 0.0 U.0/Normadt
</Plane>
</PlaneReference>

7.5.6.4 Coordinate System

CoordinateSystem describes the Cartesian 3D coordinate system in the model space, as seen in
Figure 175. The CoordinateSystem is defined as a model entity.
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Figure 175 — Coordinate System
4Direction = XDirection X YDirection

XDirection - YDirection) = 0

XDirection - ZDirection) = 0

YDirection - ZDirection) = 0

Fields:

Field Name Data Type Description

An orthogonal basis of the
CoordinateSystemCore/Rotation/XDirection | UnitVectorSimpleType | Cartesian coordinate system.
Direction X.

An orthogonal basis of the
CoordinateSystemCore/Rotation/YDirection | UnitVectorSimpleType | Cartesian coordinate system.
Direction Y.

An orthogonal basis of the
CoordinateSystemCore/Rotation/ZDirection | UnitVectorSimpleType | Cartesian coordinate system.

>

>

=]

Direction Z.
CoordirjateSystemCore/Origin PointSimpleType The origin of the coordinate
SYSLEITI.
Example:

<CoordinateSystem id="33" label="CS1">
<CoordinateSystemCore>
<Rotation>
<XDirection>0.9405 -0.3396 0.0</XDirection>
<YDirection>0.3318 0.9191 -0.2123</YDirection>
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<ZDirection>0.0721 0.1996 0.9772</zZDirection>
</Rotation>
<O0rigin>0.0798 -0.2104 -0.0984</Origin>
</CoordinateSystemCore>
</CoordinateSystem>

292 © 1SO 2020 - All rights reserved


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

QIF MBD 3.0

7.5.7 Visualization data

ISO 23952:2020(E)

ANSI/DMSC QIF 3.0 - 2018

The VisualizationSet represents a container for storing all visualization data used for displaying PMI

entities in a 3D scene.

7.5.7.1 Line style

The LineStyleType defines a line style used for visualization of cross-sections hatching and auxiliary

lines.

The names from enumeration LineStyleEnumType define sequences of dashes and dots forming a

line pattera-

DOT < $HORT_DASH < DASH < MEDIUM_DASH < MEDIUM_LONG_DASH < LONG_DA{

The QIH line styles:

5H

Style Name

Pattern

SOLID

DASH

DOT

DASH_DOT

DASH_[OT_DOT

DASH_DOT_DOT_DOT

DASH_DDASH_DOT

DASH_DDASH_DOT_DOT

DASH_DASH_DOT_DOT_DOT

SHORT |DASH

LONG_DASH

MEDIUM_LONG_DASH

MEDIUM_DASH_SHORT DASH_SHORT_DASH

LONG_DASH_SHORT_DASH

LONG_IPASH \SHORT_DASH_SHORT_DASH

LONG_DBASH-DOE+DO+

LONG_DASH_DOT

MEDIUM_DASH_DOT_SHORT_DASH_DOT

SPARSE_DOT

Table 6 — Line Styles
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Fields:
Field Name Data Type Description
LineStyleEnumType The line style.
@thickness xs:positivelnteger The thickness of line in pixels.
7.5.7.2 Fonts
All fonts used for visualization of 3D annotations are collected in the Fonts, an element of the
VisualizgtionSet:
Font fielfs:
Field Name Data Type Description
@index xs:unsignedint An index identifying a font within the Fonts table.
@bold xs:boolean This attribute shows if theext shall be bold.
@italic xs:boolean This attribute shows if-the text shall be italicizad.
@undefline xs:boolean This attribute shiows if the text shall be underlined.
Attributes AttributesType User defined.attributes (typified, binary array, [or XML
structured).
Name xs:string The font name.
. The font size defined in points (typography, 1 pt =
Size NaturalType 1/72 inch).
. . The optional alighment element defines the nqgte
Alignmgnt AlignmentEnumType alignment, ALIGNMENT_LEFT is the default value
Examplé:
<Font [index="1" italics"1">
<Name>Microsoft Sans Serif</Name>
<Sizp>8</Size>
<Alignment>ALFGNMENT CENTER</Alignment>
</Font
7.5.7.3 Special symbols
In order

ta-store special symbols in text strings (PMIDisplay/Texts/Text) the following decoralted

symbol names shall be used:
Decorated Symbol Name Image Description
{STRAIGHTNESS} — Straightness
{FLATNESS} [T Flatness
{CIRCULARITY} O Circularity/Roundness
{CYLINDRICITY} £Y | cylindricity
{PROFILE_LINE} M Profile of a Line
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{PROFILE_SURFACE} /A Profile of a Surface
{ANGULARITY} = Angularity
{PERPENDICULARITY} | Perpendicularity
{PARALLELISM} V4 Parallelism
{POSITION} & Position
{CONCENTRICITY} (@) Concentricity
{SYMMETRY} — | Symmetry
{RUNOUT_CIRCULAR} A | Circular Runout
{RUNOUIT TOTAL} 27 | Total Runout
{DIAME[TER} @ Diameter
{DIAME[TER_SPHERICAL} S@ | Spherical Diameter
{RADIU$} R Radius
{RADIU$_ SPHERICAL} SR Spherical Radius

{RADIU$_CONTROLLED}

Contrélled Radius

{BETWHEN}

Between

{CONICAL_TAPER}

Conical Taper

{SLOPE] Slope
{COUNTERBORE} Counterbore
{SPOTFACE} Spotface

{COUNTERSINK}

Countersink

CR
<>
T
=

L

LSF]

N
{DEPTH v Depth
{SQUARE} O Square
{PLUS_IMINUS} + | Plus Minus
(DEGREE} ° | Degree
{sT} &) | Statistical Tolerance
{CF} € | Continuous Feature
{M} ™ At Maximum Material Condition
{L} O At Least Material Condition
{P} ® Projected Tolerance Zone
{} ) Tangent Plane
{F} ® Free State
{u} © Unequally Disposed Profile
{1} @) Independency
{TRANSLATION} > Translation
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{BRACKET_CURLED_LEFT}

Left Curled Bracket

{BRACKET_CURLED_RIGHT}

Right Curled Bracket

{WELD_FLARE_BEVEL_OTHER}

{BR} Line Break
{WELD_FILLET_ARROW} e Fillet Arrow Side
{WELD_FILLET_OTHER} N Fillet Other Side
{WELD_FILLET_BOTH} -E— Fillet Both Sides
{WELD ELLIFT ROTH STAGGERED} 13; Eillet Roth Sides Staggered
{WELD_|SPOT_ARROW} o Spot Arrow Side
{WELD [SPOT_OTHER} QO | spot Other Side
{WELD _|SPOT_NO} - Spot No Side
{WELD _|STUD_ARROW} ® Stud Arrow Side
{WELD_|SEAM_ARROW} = Seam Arrow Side
{WELD_|SEAM_OTHER} 2 | seam Othér Side
{WELD_|SEAM_NO} = Seam‘No'Side
{WELD_|BACK_ARROW} — | Back Arrow Side
{WELD _|BACK_OTHER} - Back Other Side
{WELD_|SURFACING_ARROW} Fz Surfacing Arrow Side
{WELD_|SQUARE_ARROW} - Square Arrow Side
{WELD_SQUARE_OTHER} e Square Other Side
{WELD_[SQUARE_BOTH} -+ Square Both Sides
{WELD_|[V_ARROW} ~ V Arrow Side
{WELD_[V_OTHER} 2|y Other Side
{WELD |V_BOTH} X | VBoth Sides
{WELD _|BEVEL_ARROW? ~ Bevel Arrow Side
{WELD_|BEVEL_OFHER} s Bevel Other Side
{WELD _|BEVEL,.BOTH} -Ié Bevel Both Sides
{WELD_JU-ARROW} = U Arrow Side
{WELD_U_OTHER} | UOtherSide
{WELD_U_BOTH} £ | UBoth Sides
{WELD_J_ARROW} - J Arrow Side
{WELD_J_ OTHER} £ | JOther Side
{WELD_J_BOTH} — | JBoth Sides
{WELD_FLARE_BEVEL_ARROW} - Flare Bevel Arrow Side
dc

Flare Bevel Other Side
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{WELD_FLARE_BEVEL_BOTH} +c Flare Bevel Both Sides
{WELD_SCARF_V_ARROW} -7 Scarf Arrow Side
{WELD_SCARF_V_OTHER} 4~ Scarf Other Side
{WELD_SCARF_V_BOTH} H# Scarf Both Sides
{WELD_CONTOUR_FLAT_ARROW} _ Contour Flat Arrow Side
{WELD_CONTOUR_FLAT_OTHER} - Contour Flat Other Side
{WELD_CONTOUR_FLAT ANGLED ARROW} Contour Angled Flat Arrow Side
{WELD [CONTOUR_FLAT_ANGLED_OTHER} N Contour Angled Flat Other Side
{WELD_|CONTOUR_CONCAVE_ARROW} - Contour Concave Arrow Side
{WELD_|CONTOUR_CONCAVE_OTHER} = Contour Concave Other Side
{WELD_|CONTOUR_CONCAVE_ANGLED_ARROW} - Contour Angled ConcaVe Arrow Side
{WELD_|CONTOUR_CONCAVE_ANGLED_OTHER} - Contour Angled\Cencave Other Side
{WELD_|CONTOUR_CONVEX_ARROW} - Contour Convex Arrow Side
{WELD_|CONTOUR_CONVEX_OTHER} - ContoUr €onvex Other Side
{WELD_|CONTOUR_CONVEX_ANGLED_ARROW} 2 Contour Angled Convex Arrow Side

b

{WELD_|CONTOUR_CONVEX_ANGLED_OTHER}

Contour Angled Convex Other Side

{WELD_|MELT_ARROW}

Melt Arrow Side

Examplg:

& [ofi5[A[B[C|

Table 7 < Special Symbols

<Texts| lineHeight="4.5"~n="5" fontIndex="1">

<Text>
<Dpta>{POSITIQN}/Data>
<X[y>0 0</XY>
</Tet>
<Tex[t>
<Dhta>0%95</Data>
<X >X.64658 0</XY>
</Tee>

<Text>
<Data>A</Data>
<XY>3.80537 0</XY>

</Text>

<Text>
<Data>B</Data>
<XY>4.79375 0</XY>

</Text>

<Text>
<Data>C</Data>
<XY>5.85390 0</XY>

</Text>
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</Texts>

7.5.7.4 Annotation View

The Annotation View defines an annotation view specifying a default text direction and normal
vector of the visualization planes for assigned 3D annotations, as seen in Figure 176. All Annotation
Views are collected in the AnnotationViewSet, which is an element of the ViewSet. Each 3D
annotation intended to be visualized shall be assigned to an annotation view. One 3D annotation
may be assigned to only one annotation view; however, one or many 3D annotations may be
assigned to one annotation view.

3D Annotation

/[2\ — 3D Model
: y /
Figure 176 — Annotation View
Field Name Data Type Description

@id QIFIdType The unique model entity identifier.
@label xs:string The annotation view label.
Normal UnitVectorType The unit normal vector of the visualization plane.
L . The default text direction defined by a unit vector
Direction UnitVectorType .

perpendicular to the normal vector.

Example:
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<AnnotationView id="3404">
<Normal>0 0 1</Normal>
<Direction>1 0 0</Direction>

</AnnotationView>

7.5.7.5 PMI display information

ISO 23952:2020(E)
ANSI/DMSC QIF 3.0 - 2018

The PMIDisplay defines a block of display data used for visualization of a 3D annotation, like those
seen in Figure 177 and Figure 178. All PMI display information entities are collected in the
PMIDisplaySet, which is an element of the VisualizationSet. Visualization plane is defined by

Annotation View.

Visualization plane

Direction
©
Normal

Visualization plane

Leader

N

Figure 177 — Text

Text

|

Annotatian

X¥

Balloons

g

@52.60-52.72 51
4 (@075 |A|B|C
Birection
«
Normal
Flgure 1/8 — Balloons
Fields:
Field Name Data Type Description
The RGB color type is a triplet of
Color ColorType integer numbers: the red-component,
the green-component and the blue-
component.
Plane PlanePMIDisplayType A V|suaI|‘zat|o‘n plane defined by
annotation view.

© IS0 2020 - All rights reserved

299


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0

ANSI/DMSC QIF 3.0 - 2018

Plane/AnnotationViewld

ElementReferenceType

The annotation view identifier.

Plane/Point PointType An origin point of the plane.

. . . The direction of the PMI, different
Plane/Direction UnitVectorType from the default direction.
Texts TextsType A set of 3D annotation text lines.

Texts/@fontIndex

xs:unsignedint

An index identifying a font within the
FontSet table.

A height of the text line defined in the

LeaderoubleHeadExtend

Texts/@lineHeight xs:double Lo
ITTouct Urire.

Texts/Text TextType A string.

Leader LeaderType

or or

LeaderHxtend LeaderExtendType

or or

Leader(ircular LeaderCircularType

or or Information about a leader typé.

LeaderDoubleHead LeaderDoubleHeadType

or or

LeaderDoubleHeadCircular LeaderDoubleHeadCircularType

or or

LeaderDoubleHeadExtendType

WitnesgLines WitnessLinesType Witness lines.
Frames FramesType The visualization frames.
The additional visualization datg. It
allows specifying user-defined FMI
data that have no semantic
Graphids GraphicsType . . .
P P P representation, or if the semantic
representation cannot be writt¢n into
QlF file.
Referer|ce ElementReferenceFullType Reference to an annotation entjity.
Example:
<PMIDipplay>
<PlajpeX

<AhwotationViewId>

<Id>3404</Id>

<AnnotationViewId>

<0Origin>282.215308328645 -154.21715304523 3.53553390593274</0rigin>

</Plane>

<Texts lineHeight="4.5" n="3" fontIndex="1">

<Text>

<Data>{PERPENDICULARITY}</Data>

<XY>0 0</XY>
</Text>
<Text>

<Data>1.5</Data>

<XY>1.64658203125 0</XY>
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</Text>
<Text>
<Data>A</Data>
<XY>3.37275390625 0</XY>
</Text>
</Texts>
<LeaderExtend>
<StartPoint>-94.734069824219 -102.512253206787</StartPoint>
<EndPoint>-10.8 2.7</EndPoint>
<HeadForm>DOT FILLED</HeadForm>
<HeadHeight>3.6</HeadHeight>
<PpintExtension>-1.8 2.7</PointExtension>
</LepderExtend>
<Frames n="3">
<FframeRectangular>
XY>-0.2 -0.2</XY>
Width>1.64658203125</Width>
Height>1</Height>
</FrameRectangular>
<FlrameRectangular>
XY>1.44658203125 -0.2</XY>
Width>1.726171875</Width>
Height>1</Height>
</FrameRectangular>
<FframeRectangular>
XY>3.17275390625 -0.2</XY>
Width>0.98837890625</Width>
Height>1</Height>
</FrameRectangular>
</Frpmes>
<Refprence>
<Id>2320</Id>
</Refference>
</PMIDfisplay>

7.5.7.5.1 Leader
Leader @lescribes a leader of a 3D annotation, as seen in Figure 179.

Visualization plane

EndPoint
! Leader *
\ Annotation
Direction
©
Normal T
StartPoint

Figure 179 — Leader
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Fields:
Field Name Data Type Description
StartPoint Point2dSimpleType The beginning point of the 2D line segment.
EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType A form of the leader head.
HeadHeight xs:double A size of the leader head.
Examplg:
<Leadefr>

<StafrtPoint>2.647 -36.261</StartPoint>
<EndPoint>2.647 -1.800</EndPoint>
<HeadForm>TRIANGLE FILLED</HeadForm>
<HealdHeight>3.600</HeadHeight>

</Leadpr>

7.5.7.5.2 Leader head types

LeaderHeadFormEnumType describes forms of the leader head.

Leader type

Image

NONE

ARROW_OPEN

ARROW_UNFILLED

ARROW_BLANKED

ARROW FILLED

302

TRIANGLE_BLANKED

TRIANGLE _FILLED

YY¢r a1
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DOT_BLANKED

DOT_FILLED

BOX_BLANKED

BOX_FILLED

DIMENSION_ORIGIN

SYMBOL_SLASH

SYMBOL_INTEGRAL

SYMBOL_CROSS

X CHLH e

Table/8 — Leader Head Types

7.5.7.5.3 Double head leader
LeaderQoubleHead describes\adouble head leader, as described in Figure 180.

Visualization plane EndPoint
Annotation
1 Leader
! . \ \ PointConnection
Direction
Normal T
StartPoint

Figure 180 — Double head leader
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Fields:
Field Name Data Type Description
StartPoint Point2dSimpleType The beginning point of the 2D line segment.
EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType The first head form.
HeadHeight xs:double A size of the leader head.
HeadFoymm2 teaderfypeEnumType Thesecondtead-form:
PointCdnnection Point2dSimpleType ThI.S field specifies 2D coordinates of the conngction
point.
Examplg:

<LeadefrDoubleHead>
<StafrtPoint>-73.225 2.066</StartPoint>
<EndPoint>0 2.066</EndPoint>
<HeadForm>ARROW FILLED</HeadForm>
<HeadHeight>4.5</HeadHeight>
<HeadForm2>ARROW FILLED</HeadForm2>
<PoiptConnection>-38.225 2.066</PointConpgction>
</LeaderDoubleHead>

7.5.7.5.4 Extended leader

LeaderH

segmenys, as seen in Figure 181.

xtend describes an extended leader, Which has a break point and consists of two

Visualizafidn plane

PointExtension

Leader l
\ ‘ Annotation
Direction )
® EndPoint
Normal
StartPoint

Figure 181 — Extended leader

Fields:
Field Name Data Type Description
StartPoint Point2dSimpleType The beginning point of the 2D line segment.
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EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType A form of the leader head.
HeadHeight xs:double A size of the leader head.

PointExtension Point2dSimpleType

This field specifies 2D coordinates of the extension
point.

Modifier LeaderModifierEnumType

A type of leader modifier.

Examplg:

<LeadefrExtend>

<StafrtPoint>-94.73 -102.51</StartPoint>

<EndPoint>-10.80 2.70</EndPoint>
<HeadForm>DOT FILLED</HeadForm>
<HeadHeight>3.6</HeadHeight>

<PoiptExtension>-1.80 2.70</PointExtension>

<Modifier>ALL_AROUND</Modifier>
</LeadprExtend>

7.5.7.5.% Double head extended leader

LeaderQoubleHeadExtend describes a double head extended leader, which has a break point and

consists| of two segments, as seen in Figure 182.

Visualization plane

Riréction
!
Mormal

Leader

N

StartPoint

Figure 182 — Double head extended leader

PointExtension

l

EndPoint

S

Annotation

PointConnection

Fields:

Field Name Data Type Description
StartPoint Point2dSimpleType The beginning point of the 2D line segment.
EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType The first head form.

HeadHeight xs:double A size of the leader head.

© IS0 2020 - All rights reserved

305


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)
QIF MBD 3.0

ANSI/DMSC QIF 3.0 - 2018

HeadForm?2 LeaderTypeEnumType

The second head form.

PointConnection Point2dSimpleType

This field specifies 2D coordinates of the connection
point.

PointExtension Point2dSimpleType

This field specifies 2D coordinates of the extension
point.

Example:

<LeaderDoubleHeadExtend>

<StafrtPoint>-73.225 2.066</StartPoint>

<EndPoint>0 2.066</EndPoint>

<Hea
<Hea
<Hea
<Poi
<Poi

dForm>ARROW FILLED</HeadForm>
HHeight>4.5</HeadHeight>

dForm2>ARROW FILLED</HeadForm2>
ntConnection>-38.225 2.066</PointConnection>
ntExtension>15.000 10.000</PointExtension>

</LeaderDoubleHeadExtend>

7.5.7.5.6
Leaderd

Circular leader

Visualization plane

EndPoint
Leader
\ Annotation
Direstidn
© o
Nartmal r Center

Figure 183 — Circular leader

ircular describes a circular leader that is less than a semicircle, as seen in Figure 183.

StartPoint

Fields:
Field Name Data Type Description
StartPoint Point2dSimpleType The beginning point of the 2D line segment.
EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType The first head form.
HeadHeight xs:double A size of the leader head.
Center Point2dSimpleType This field s'peC|f|es 2D coordinates of the leader
central point.
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Example:

<LeaderCircular>
<StartPoint>0.0 0.0</StartPoint>
<EndPoint>10.0 10.0</EndPoint>
<HeadForm>ARROW FILLED</HeadForm>
<HeadHeight>1.0</HeadHeight>
<Center>10.0 0.0</Center>
</LeaderCircular>

7.5.7.5.7 Double head circular leader

LeaderQoubleHeadCircular describes a double head circular leader, as seen in Figure 184,

Visualization plane
EndPoint

Leader Annotation

Direction

© [ 2

Point€ofinection

Normal Center
StartPoint

Figure 184 —Double head circular leader

Fields:
Field Name DataType Description
StartPo|nt Point2dSimpleType The beginning point of the 2D line segment.
EndPoint Point2dSimpleType The ending point of the 2D line segment.
HeadForm LeaderTypeEnumType The first head form.
HeadHdight xs:double A size of the leader head.
HeadForm?2 LeaderTypeEnumType The second head form.
2D i
PointConnection Point2dSimpleType ;)gli;;ﬂeld Specifies 2D coordinates of the connection
— fios 2D .
Center Point2dSimpleType This field s'peC|f|es coordinates of the leader
central point.
Example:

<LeaderDoubleHeadCircular>
<StartPoint>0.0 0.0</StartPoint>
<EndPoint>10.0 10.0</EndPoint>
<HeadForm>ARROW FILLED</HeadForm>
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<HeadHeight>1.0</HeadHeight>
<HeadForm2>ARROW FILLED</HeadForm2>
<PointConnection>2.93 7.07</PointConnection>
<Center>10.0 0.0</Center>
</LeaderDoubleHeadCircular>

7.5.7.5.8 Witness Lines
WitnessLines describes witness lines, as seen in Figure 185 and Figure 186.

ANSI/DMSC QIF 3.0 - 2018

7.5.758.1 Linear Witness Lines
Visualization plane
Annotation
Leader \ Segment,
.A Witness Lines
Direction
©
Normal
Segmet¥)
Figure 185 Witness Lines
Fields:
Figld Name Data.Type Description

@width xs:doublé The width of the witness lines in points.
Segmer|tl/StartPoint | Point2dSimpleType The beginning point of the first 2D line segment.
Segmer|tl/EndPoint [ Point2dSimpleType The ending point of the first 2D line segment.

The optional ZextensionPointl element is an
ZextendionPointi PointSimpleType extensiqn point of the first witnes§ line; it lies pn the

feature in cases when the annotation plane ddes not

intersect the feature.
Segment2/StartPoimt—Poimt2dSimpteType TFhebegmmmg poimtof theseconmd-2btimesegment.

Segment2/EndPoint

Point2dSimpleType

The ending point of the second 2D line segment.

Zextens

ionPoint2

PointSimpleType

The optional ZextensionPoint2 element is an
extension point of the second witness line; it li

eson

the feature in cases when the annotation plane does

not intersect the feature.

Example:

<WitnessLines width="1">
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<Segmentl>
<StartPoint>-73.225 87.343</StartPoint>
<EndPoint>-73.225 -0.358</EndPoint>

</Segmentl>

<ZextensionPointl>-73.225 0 22.344</ZextensionPointl>

<Segment2>
<StartPoint>-38.225 87.343</StartPoint>
<EndPoint>-38.225 -0.358</EndPoint>
</Segment2>
</WitnessLines>

7.5.7.5.8]2 Circular Witness Line

A Circular Witness Line must have an angle of less than or equal to 180 degrees, as-seen irl Figure
186.

Visualization plane

Lead .
eader \ Annotation

BeginPoint —

o.——— Witnhess Line

Direction .
O .
Normal CircleCeter  /«— Epdpoint
Figure 186 — Circular Witness Line
Fields:
Figld Name Data Type Description
@width Xs:double The width of the witness lines in points.
BeginPdint LineSegment2dType The Begm?omt e!ement is the begin point of the
circular witness line.
EndPoint LineSegment2dType The EndP‘omt element is the end point of the cjrcular
witness line.
CircleCenter LineSegment2dType The C|rclfeCenter element is the center of the circular
witness line.
CircleRadius DoublePositiveType Thech@Radmsekﬁnentmtheradmsofthecwcubr
witness line.
Example:

<WitnessLines width="1">
<BeginPoint>0.0 0.0</BeginPoint>
<EndPoint>10.0 10.0</EndPoint>
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<CircleCenter>10.0 0.0</CircleCenter>

<CircleRadius>2.5</CircleRadius>

</WitnessLines>

7.5.7.5.9

Rectangular frame

FrameRectangular describes a rectangular frame, as seen in Figure 187.

Visualization plane

Rectangular Frame

& | #6075 [A|B|C }Height

018

Direction XY Width
©
Normal
Figure 187 — Rectangular frame
Fields:
Field Name Data Type Description
XY Point2dSimpleType 2D coordlnates. of the frame left bottom corner point
(the anchor point of the rectangular frame).
Width xs:double The frame width.
Height xs:double The frame height.
Examplg:

<FrameRectangular
<XY>F0.2 -0.2<4XY>
<Widith>1.6</Width>
<Height>1.0</Height>

</FrameRectangular>

7.5.7.5.]

Q-Circular frame

FrameCircularType describes a circular frame, which is normally used for visualization of datum
targets, as seen in Figure 188.
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Visualization plane
XY
Radius
Al
Direction
o Circular Erame
Normal
Figure 188 — Circular frame
Fields:
Field Name Data Type Description
The optional crossed attribute shows if the frame
@crossed xs:boolean shall be crossed with the middle line that separates
the circular frame into halves (top and bottomE.
XY Point2dSimpleType 2D coor_dmates of the frame center (the anchgr point
of the cireular frame).
Radius xs:double The frame radius.
Examplg:
<FramefCircular>
<XY>F0.2 -0.2</XY>
<Radfius>7.3</Radius>
</FrameCircular>
7.5.7.5.11 Flag frame
FrameF|ag describes a-flag frame, which is normally used for visualization of flag notes, as $een in
Figure 189.
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Visualization plane Flag Frame

Height{ -------- ? >S£,150
~~

Width

Direction
1o XY

Normal

Figure 189 — Flag frame

Fields:
Field Name Data Type Description
. ) This attribute shows if the flag frame has the tfiangle
@right xs:boolean element at the'right side.
. . 2D coordinates of the frame left bottom cornefr point
XY P 2 leT
oint2dSimpleType (the ancher point of the flag frame).
Width xs:double The frame width.
Height xs:double The frame height.
Examplé:

<Framef'lag right="1">
<XY>F0.2 -0.2</XY>
<Widith>19.2</Width>
<Height>4.1</Height>

</FrameFlag>

7.5.7.5.12 Triangular form frame
FrameTfiangle defines a triangular form frame as seen in Figure 190.
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Visualization plane
Triangular Form Frame

Direction
©
Normal
Figure 190 — Triangular form frame
Fields:
Field Name Data Type Description
A 2D polyline th i he f hape. Th
Points ArrayPoint2dType poy ine that siescnbest e frame shape. The
array includes 3 points:
Examplg:
<Frame[lriangle>

<Poijnt>0.294677734375 1.33232421874998%/Point>

<P0oijnt>1.03935546875 -0.199999999999977</Point>

<P0oint>-0.449999999999998 -0.199999999999977</Point>
</FrameTriangle>

7.5.7.5.13 Pentagonal form frame

FramePgntagonal defines a pentaganal form frame, as seen in Figure 191.

Mistralization plane
Pentagonal Form Frame

Ditection
O]
Normal

Figure 191 — Pentagonal form frame

Fields:

Field Name Data Type Description
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. . A 2D polyline that describes the frame shape. The
Points ArrayPoint2dType arrayFi)nc\I/udes 5 points. P
Example:

<FramePentagonal>
<Point>0.5 0</Point>
<Point>1.5 0</Point>
<Point>2 1</Point>
<Poinpt>1 2 Point
<Poipt>0 1</Point>

</FramePentagonal>

7.5.7.5.14 Hexagonal form frame
FrameHgexagonal defines a hegaxonal form frame, as seen in Figure 192.

Visualization plane
Hexagonal Form Efame

1

Direction
O]
Normal

Figure 192 — Hegaxonal form frame

Fields:
Fie|d Name Data Type Description
2D i i L]
Points ArrayPoint2dType A Polylme that c#escrlbes the frame shape. The
array includes 6 points.

Example
<FrameHexagonal>

<Point>0.5 0</Point>

<Point>1.0 0</Point>

<Point>1.5 0.75</Point>

<Point>1.0 1.5</Point>

<Point>0.5 1.5</Point>

<Point>0 0.75</Point>
</FrameHexagonal>

7.5.7.5.15 Octagonal form frame
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FrameOctagonal defines a hegaxonal form frame, as seen in Figure 193.

Visualization plane

Octagonal Form Frame

Fields:

—
Direction
®©

Normal

Figure 193 — Octagonal form frame

<

Field Name

Data Type

Description

Points

ArrayPoint2dType

A 2D polylinerthat describes the frame shape. ]
array includes 8 points.

lhe

Examplé:

<Framefpctagonal>

<Poipt>0.5
<Poipt>1.
<Poipt>2
<Poipt>2
<Poipt>1.
<Poipnt>0.
<Poipnt>0

= OO0 O O

<Poinht>0 O.

0</Point>
0</Point>

.5</Point>
.5</Point>

2</Point>
2</Pointd>

.5</Poiit>

5</Peant>

</FrameOctagonal:

7.5.7.5.16 Weld:Symbol form frame

FrameWeldSymbol defines a weld symbol frame, as seen in Figure 194.
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Weld Symbol Form Frame

. L Other Side
Visualization plane Cont cymbol
/" Contour Symbo
A i_ _____ i -— Tail
— / Main Symbol
Direction
© Reference Line
Normal

Leader Line

Figure 194 — Weld Symbol frame

Fields:

Field Name Data Type Description

A 2D point that defines the begin point of

Referer|ceLineBeginPoint Point2dSimpleType the reference line.

A 2D point that defines the end pqint of

ReferencelLlneEndPoint Point2dSimpleType the reference line.

2D points that define the tail of the

Tail FrameWeldSymbolTailType reference line.

MainSyfnbol MaifWaldSymbolType The main symbol that is placed on|the
reference line.

SupplementarySymbol WeldSupplementarySymbolType The supplementary symbol that is|placed

on the reference line.

The contour symbol that is placed|on the

ArrowS|deContourSymbol | WeldContourSymbolType .
arrow side.

The contour symbol that is placed|on the

OtherSideContourSymbol | WeldContourSymbolType other side.

Example:

<FrameWeldSymbol>
<ReferencelineBeginPoint>1.0 1.0</ReferencelLineBeginPoint>
<ReferencelineEndPoint>4.0 1.0</ReferencelLineEndPoint>
<Tail>
<UpperPoint>4.5 1.5</UpperPoint>
<LowerPoint>4.5 0.5</LowerPoint>
</Tail>
<MainSymbol>
<Origin>2.0 1</Origin>
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<Symbol>WELD FILLET OTHER SIDE</Symbol>
</MainSymbol>
<OtherSideContourSymbol>
<Origin>2.0 1.75</Origin>
<Symbol>WELD CONTOUR FLAT</Symbol>
</OtherSideContourSymbol>
</FrameWeldSymbol>

7.5.7.5.17 Irregular form frame
Framelrregular defines an irregular form frame, as seen in Figure 195. A Framelrregular is a closed
shape optyifthe firstandtast points i Points are the same.

Irregular Form Frame
Visualization plane

Direction
®
Normal
Figure 195 — Irregular form frame
Field Name Data Type Description
Points ArrayPoint2dType A 2D polyline that describes the frame shape.

Examplé:

<Frame[lrregulaxrEorm>
<Poipts n=4">
101 1
10|. 540
11] 2
14 2
</Points>
</FramelrregularForm>

7.5.7.5.18 Graphic presentation

Graphics defines additional graphical presentation data, as seen in Figure 196. It allows specifying
user-defined PMI data that have no semantic representation, or if the semantic representation

cannot be written into QIF file.
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Graphic presentation

|

W

— >
Direction

®©
Normal

Fields:

ATTENTION
ESD SENSITIVE
DEVICE

HANDLING
PRECAUTIONS REQUIRED

Figure 196 — Graphic presentation

Field Name

Data Type

Description

Polylinds

Polylines2dType

The set of 2D polylines.

Polylings/Polyline/Points
or
Polylinds/Polyline/PointsBinary

ArrayRoint2dType
or
ArrayBinaryType

The array of 2D polyline pointg.

Areas Areas2dType The set of 2D areas.
The set of loops defining the afea.
Areas/Area/Loops Loops2dType The first loop is outer, the restlare

inner loops.

Areas/Area/Loops/Loop/Paints
or
Areas/Area/Loops/LoOp/PointsBinary

ArrayPoint2dType
or
ArrayBinaryType

The array of 2D points of a closed
polyline.

Areas/Area/Triangllation

Triangulation2dType

The area defined in the triangulilation
form.

Areas/Area/Triangulation/Vertices
or

ArrayPoint2dType

or

The array of 2D vertices of a

Areas/Area/Triangulation/VerticesBinary

ArrayBinaryType

triangulation.

Areas/Area/Triangulation/Triangles
or
Areas/Area/Triangulation/TrianglesBinary

Arrayl3Type
or
ArrayBinaryType

The array of indices of the triangle
vertices. The number of the array
elements corresponds to the number
of triangles in the mesh. Each
element of this array is a triplet of
integer numbers: index of the first
vertex, index of the second vertex
and index of the third vertex. All
three vertex indices of a triangle must
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be different and shall lie in the range
[0, ..., number of vertices - 1].

Example:

<Graphics>
<Polylines n="1">
<Polyline>
<Points n="2">
25 0

25 10
/Points>
</lPolyline>
</Pollylines>
<Areps n="2">
<Afrea>
Loops n="2">
<Loop>
<Points n="5">
30 0
40 0
40 10
30 10
30 0
</Points>
</Loop>
<Loop>
<Points n="5">
31 1
31 9
39 9
39 1
31 1
</Points>
</Loop>
/Loops>
</Rrea>
<Afrea>
Triangu¥ation>
<Venrtdces n="4">
»0 0
20 0

20 1.0
\vJ

Emavy

10 10
</Vertices>
<Triangles n="2">

012

023
</Triangles>

</Triangulation>
</Area>
</Areas>
</Graphics>
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SavedView describes a saved view to facilitate presentation of the model and its 3D annotations, as

seen in Figure 197.

("4
W 0
e

Height[ e

ViewPlaneQOrigin
and Qrientation

2D view plane —— |~

z
X y
Figure 197 — Saved view
Fields:
Field Name Data Type Description

@id QIFIdType Unique model entity identifier.
@label xs:string Label of the Saved View.
ActiveVjew xs:boolean Defines an active view.

AnnotationVisiblelds

ArrayReferenceFullType

An array of identifiers of model annotations

thatstattbevisibte i this saved-view.

AnnotationHiddenlds

ArrayReferenceFullType

An array of identifiers of model annotations
that shall be hidden in this saved view.

Bodylds

ArrayReferenceFullType

An array of identifiers of model bodies that
shall be visible in this saved view. If the Bodylds
element is absent, then all model bodies are
visible in this saved view.

Componentlds

ArrayReferenceFullType

An array of identifiers of model components
that shall be visible in this saved view. If the
Componentlds element is absent, then all

320
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model components are visible in this saved
view.

SimplifiedRepresentationld

QIDReferenceActiveType

An identifier of the simplified representation.

ExplodedViewld

QIDReferenceActiveType

An identifier of the exploded view.

DisplayStyleld

QIDReferenceActiveType

An identifier of the display style, defining color,
transparency and display form.

ZoneSectionld

QIDReferenceActiveType

An identifier of the zone section, which defines
zone section planes, separating the model into
parts, and logical operations between them.

Camerallds

ArrayReferenceActiveType

An array of identifiers of orthograghif cameras.

Examplg:

<SavedView 1d="2371" label="MBD_O">
<ActfiveView>true</ActiveView>
<AnnptationVisibleIds n="5">

<Id>2325</Id>
<Id>2328</Id>
<Id>2331</Id>
<Id>2334</Id>
<Id>2337</Id>

</AnhotationVisibleIds>

<SimplifiedRepresentationId>2377</SimpldfiedRepresentationId>

<ExpllodedViewId>2380</ExplodedViewlds
<DisplayStylelId>2394</DisplayStyledd>
<ZonkSectionId>2395</ZoneSectionid>

<CampraIds n="1">
<Id>2372</Id>
</Cameralds>
</SavefdView>

7.5.7.6.1 Simplified Representation

The SimplifiedRepresentation defines a simplified model representation, as seen in Figure 198. All
simplified representations are collected in one set SimplifiedRepresentationSet, which is an element

of the ViewSet.
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HIDDEN

QO

Figure 198 — Simplified Representation

Fields:
g

Field Name D@Type Description

@id QIFIdType ,_\C\)b The unique model entity identifier.
U . s
@label xs:stri&’ ) The label of'the simplified
representation.

Form The default representatjon form.

N
Sil(r@ed RepresentationFormEnumType

Groups

simplifiedRepresentation \c.)SimpIified RepresentationGroupsType

o%

Groups of components
with defined simplified
forms.

hnd bodies
representation

Groups/Simplifi
tationGfoup/Ft @

Simplifi adRepreser%@'o

presen

A4
n

SimplifiedRepresentationFormEnumType

the group of componen

The representation form defined for

s and bodies.

Groups

Simplified Rﬁp\@sentation
plifiedRepresen

S

tationGroup/Componentid

An array of identifiers o

f model

ArrayReferencefuttType

components.

tationGroup/Bodylds

SimplifiedRepresentation
Groups/SimplifiedRepresen

ArrayReferenceFullType

bodies.

The array of identifiers of model

Example:

<SimplifiedRepresentationSet n="1">

<SimplifiedRepresentation id="10000">
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orm>MASTER</Form>
plifiedRepresentationGroups n="2">
implifiedRepresentationGroup>
<Form>BOUNDING BOX</Form>
<BodyIds n="2">

<Id>114</1d>

<Id>127</1d>
</BodyIds>
SimplifiedRepresentationGroup>
implifiedRepresentationGroup>
<Form>HIDE</Form>
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ComponentIds n="1">
<Id>1242</Id>

/ComponentIds>

BodyIds n="1">

<Id>128</Id>

/BodyIds>
SimplifiedRepresentationGroup>
hplifiedRepresentationGroups>
hplifiedRepresentation>
lifiedRepresentationSet>

Exploded View

o the groups of components and bodies showi

ewSet. .
A\Q)

©IS

N
QO
L

Legend:

Figure 199 — Exploded View

02020 - All rights reserved

N
lodedViewType defines an exploded view - a sequ‘QQte of translate and rotate oper
ach object separated from others
Figure 199. All exploded views are coIIectedi§ e ExplodedViewSet, which is an el

htions
, as
bment

Move 1

Move 2
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Fields:
Field Name Data Type Description
@id QIFIdType The unique model entity identifier.
@label xs:string The label of the exploded view.
The sequence of translate and rotate
MoveGroups ExplodedViewMoveGroupsType operations applied to the groups of
components and bodies.
MoveGrod |pc,/|\/|n\lnﬂrn| P _ The translation r\pnr:fnr defined by a unit
/Transl3dte ExplodedViewTranslateType vector and a translation distanace.
MoveG oups/MoyeGroup UnitVectorType The translation direction.
/Transl3te/Direction
MoveGfoups/MoveGroup . . .
[Translate/Value LinearValueType The translation distance.
MoveGfoups/MoveGroup ExplodedViewRotateType The r.otatlo.n Operator f:lefmed by a
/Rotate rotation axis’and rotation angle
MoveG ouPs/MoveGroup UnitVectorType The rotation axis.
/Rotate}/Axis
MoveGfoups/MoveGroup .
/Rotate}/Angle AngularValueType The rotation angle.
MoveGfoups/MoveGroup . e
/Compdnentids ArrayReferenceFullType The array of component identifiers.
MoveGroups/MoveGroup ArrayReferenceFullType The array of body identifiers.
/Bodylds
Examplé:

<ExplodedViewSet n="1">
<ExpllodedView id="100011>
<MpveGroups n="2">

MoveGroup>

<Translate>
<Directios>1 0 0</Direction>
<Valug>20</Value>
</Translate>
<ComRaonentIds n="2">
<LAd>123</Id>
<Id>124</Id>
</ComponentIds>
</MoveGroup>
<MoveGroup>
<Rotate>
<Axis>0 1 0</Axis>
<Angle>45</Angle>
</Rotate>
<ComponentIds n="1">
<Id>125</Id>
</ComponentIds>
</MoveGroup>
</MoveGroups>
</ExplodedView>
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</ExplodedViewSet>

7.5.7.6.3 Display Style

The DisplayStyleType defines a display style of saved view elements, such as color, transparency
and visualization form, as seen in Figure 200. All display styles are collected in the DisplayStyleSet,
which is an element of the ViewSet.

Default Form = SHADING_WITH_EDGES

Cuctom Caolar
———— ——

\Q Custom Transparency
z 25
Custom Form = ISOLINES_WITH_EDGES
X y N y
xO
O
C)\
QE’igure 200 - Display Style
Fields: QO
Field Name O;O Data Type Description
@id QS) QIFIdType The unique model entity identifier.
@label \Q\F xs:string The label of the display style.
Mode/Forg(?5 DisplayStyleFormEnumType The default visualization modeg.
Mode/( n(]g* ColorType The default drawing color
Mode/Transparency TransparencyType The default transparency value.

. . The array of the groups of elements
DisplayStyleGroups DisplayStyleGroupsType with a defined display style.
DisplayStyleGroups/DisplaySt | _. The display style for the group of
ypeGroup/Mode DisplayStyleModeType elements.
DisplayStyleGroups/DisplaySt | _. S
ypeGroup/Mode/Form DisplayStyleFormEnumType The visualization mode.
DisplayStyleGroups/DisplaySt .
ypeGroup/Mode/Color ColorType The drawing color.
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DisplayStyleGroups/DisplaySt
ypeGroup/Mode/Transparen | TransparencyType The transparency value.
cy
DisplayStyleGroups/DisplaySt The array of identifiers of model

ArrayReferenceFullType
ypeGroup/Componentlds y uittyp components.

DisplayStyleGroups/DisplaySt

ypeGroup/Bodylds ArrayReferenceFullType The array of identifiers of model bodies.

Example:

<DisplpyStyleSet n="1">
<DisplayStyle id="10002">
<Mpde>
Form>SHADING_WITH_EDGES</Form>
</Mode>
<DiisplayStyleGroups n="2">
DisplayStyleGroup>
<Mode>
<Form>WIREFRAME</Form>
<Color>255 0 0</Color>
</Mode>
<BodyIds n="2">
<Id>128</Id>
<Id>129</Id>
</BodyIds>
/DisplayStyleGroup>
DisplayStyleGroup>
<Mode>
<Form>SHADING WITH EDGES</Form>
<Transparency>0.5</Transparency>
</Mode>
<ComponentIds n="J'%
<Id>12834</Id>
</ComponentIdse>
/DisplayStyle&Group>
</PDisplayStyleGroups>
</DipplayStylex
</DispllayStylesé&t>

7.5.7.6.4 Zone Section
The ZorleSectionType defines a zone section — a set of section planes that separates the mpdel

nto arl- And the lnaiceal anaratinne hahvwnan tham Ac cnan 1n Eira e 201 theraninh D e 9 7
| p (STt CTogICar O Pt oS PC e e Tt TS SCe T T igorC ot ougr—1gutrc—=— .

Figure 206 show an XML code snippet of a Zone Section with a logical operations tree.
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Section Plane

3D Model

Figure 201 — Zone Section with.one section plane

Section Plane 1

Section Plane 2

TZ ~ S
K 20 Madal
/\\ / ~4 - ees
Section Plane 3

X Y

Figure 202 — Zone Section with three section planes

© IS0 2020 - All rights reserved 327


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

ISO 23952:2020(E)

QIF MBD 3.0 ANSI/DMSC QIF 3.0 - 2018
Section.PIane 3 Section.PIane 1
Normal, Normal,
NormalzI

Section Plane 2

™ 30 Model

-—— R T e e — — —

Figure 203 — Positions of the section planes

SectioanIane 3 SectionPlane 1
“<— <—I+
Normalgi Normall:
: ;
! 1
Normal, i I
______________________ [P [ I I I

Section Plane 2

™~ 3D Model

| ~

Figure 204 — The result of Section Plane 1 AND Section Plane 2
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Section Plane 3 Section Plane 1
-—d:v --—If
Normal3 ! Normal1 :
: T
i I
NormalzI : I
! I

Section Plane 2

™\ 3pModel

______________ e e i i _I'.________________

T

igure 205 — The result of (Section Plane 1 AND Section Plane 2) OR Section Plane |3

Legend: Section Plaqe

<Zonesection id="23245"> Logical Operation

<SectionPlanes n="3">
{<Sect‘i onPlane index="1"»

oy
-

</SectionPlane>
{<Sect'i onPlane index="2">

-
-

</SectionPlane> Final clipping volume
<SectionPlane index=\3">
_—

</SectionPlane>
</SectionPlaness
<Logicaloperatijons n="2">
<Logicaloperation index="0"> OR
<ACT}QnyLOGICAL_AND</Action>
<SectionPlaneils/sectionPlane> » ~—
<sSectionPlanes2«/SectionPlane>
</bogicaloperation>
slogicaloperation index="1"> AND Plane(3
<ACtion>LOGICAL_OR</Action>
<LogicaloperationResulti}0«/LogicaloperationResult>

<SectionPlanei3{/SectionPlane> / \
</Logicaloperation>
</Logicaloperations> Plane 1 Plane 2
</ZoneSection>

Figure 206 — Logical operations tree
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Path 1 Area 2

Areal Section Plane

"

Normal *
Vertex 1
z Solid
Vertex 2
# Wire
X Y
Figure 207 — Sections of wire; sheet and solid bodies
Fields:
Field Name Data Type Description
@id QIFIdType Unique model entity identifier.
@label xs:string The zone section label.
@hatcHing xs:boolean Hatching On/Off.
SectionPlanes ZoneSectionPlanesType An array of the section plangs.
SectionPlanes/SectionPlane ZoneSectionPlaneType The section plane.
. . . . An index identifying a zone dection
D .
SectionPlanes/SectionPlane/@index xs:unsignedint plane within the SectionPlarles set.
SectionPlanes/SectionPlane/Plane PlaneXType The plane.
zi;tslonPIanes/SchonPlane/Sect|onGr SectionGroupsType The groups of cross-sections.
SectionPlanes/SectionPlane/SectionGr . .
oups/SectionGroup SectionGroupType The cross-section group.
SectionPlanes/SectionPlane/SectionGr QIFReferenceFullType The body identifier.

oups/SectionGroup/Bodyld

SectionPlanes/SectionPlane/SectionGr SectionAreasTvoe An array of the section areas, defined
oups/SectionGroup/Areas P by loops and hatching style.

SectionPlanes/SectionPlane/SectionGr

oups/SectionGroup/Areas/Area SectionAreaType The section area.
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SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Areas/Area/Hatch
Styleld

QlFReferenceType

The identifier of the hatching style for
the section area.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Areas/Area/Loops

SectionLoopsType

A set of section closed loops -
boundary of the area.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Areas/Area/Loops
/Loop

SectionPathType

The section closed loop.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Areas/Area/Loops

SectionEdgesType

An array of oriented edges.

/Loop/Hdges

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Areas/Area/Loops
/Loop/Hdges/Edge

EdgeOrientedType

The oriented edge.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Paths

SectionPathsType

The section paths.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Paths/Path

SectionPathType

The section path.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Paths/Path/Edges

SectionEdgesType

An array of oriented edges.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Paths/Path/Edges
/Edge

EdgeOrientedType

The oriented edge.

SectionPlanes/SectionPlane/SectionGr
oups/SectionGroup/Vertices

ArrayReferenceType

The section vertices.

LogicalQperations

LogicalOpérationsType

A logical operations tree.

LogicalDperations/LogicalOperation

LogicalOperationType

The logical operation.

LogicalPDperations/LogicalOperation/
@index|

xs:unsignedint

An index identifying a logica
operation within the
LogicalOperations set.

LogicalDperations/LogicalOperation/
Action

LogicalOperationEnumTyp
e

The logical operation type:
LOGICAL_AND or LOGICAL_OR.

LogicalDperations/LogicalOperation/
SectionPlane

xs:unsignedint

The index of section plane.

LogicalDperations/logicalOperation/
LogicalQperationResult

xs:unsignedint

The index of logical operatign.

=]

Examplé:

<ZoneSection 1d="23244">
<SectionPlanes n="1">

<SectionPlane index="0">

<Plane>

<Point>0 0 0</Point>

<Normal>0 0 1</Normal>
<Direction>1 0 0</Direction>

</Plane>
<SectionGroups n="2">
<SectionGroup>
<BodyId>128</BodyId>
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<Areas n="1">
<Area>
<HatchStyleId>1</HatchStyleId>
<Loops n="2">
<Loop>
<Edges n="4">
<Edge turned="1">
<Id>3467</Id>
</Edge>
<Edge turned="1">
<Id>3468</Id>
</Edge>
<Edge>
<Id>2783</Id>
</Edge>
<Edge>
<Id>2344</Id>
</Edge>
</Edges>
</Loop>
<Loop>
<Edges n="1">
<Edge>
<Id>2923</Id>
</Edge>
</Edges>
</Loop>
</Loops>
</Area>
</Areas>
</SectionGroup>
<SectionGroup>
<BodyId>129</Bodwld>
<Paths n="1">
<Path>
<Edges (x"3">
<Edge’>
<Id>3460</Id>
<YEdge>
<Edge turned="1">
<Id>3568</Id>
</Edge>
<Edge>
T2 83</F4
</Edge>
</Edges>
</Path>
</Paths>
</SectionGroup>
</SectionGroups>
</SectionPlane>
</SectionPlanes>
</ZoneSection>

7.5.7.6.5 Hatching style
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The HatchStyleType defines a hatching style used for visualization of cross-section areas, as seen
in Figure 208 and Figure 209. All hatching styles are collected in the HatchStyleSet that is an
element of the ViewSet.

©

Section plane
Normal

/

/ / 2 /
/ / # LineStyle

VA
NAVAVAY-S

\ Direction

FirstLineOrigin

SecondLineOrigin

Figure’ 208 — Hatching Pattern
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Section plane ©
Normal
A
/
Point \ =
\ / \ Direction
Pattern 1 Pattern 2 Pattern3
Figure 209 — Combinatien of patterns
Fields:
Field Name Data Type Description

@id QIFIdType The unique model entityidentifier.
@label xs:string The label of the hatching|style.
Form HatchStyleFormEnumType The form of the hatching
Color ColorType The color of the hatching.
Patternp HatchPatternsType The array of hatching patterns.
Patterng/Pattern/LineStyle HatchPatternLineStyleEnumType | The line style of the hatching.
Patterni/Patterh/LineStyle/@thic xs:positivelnteger The line thickness in pixe]s.
kness
Patterng/Pattern/FirstLineOrigin Point2dSimpleType The origin of the first hatching line.

T — — -
Patterns/Pattern/SecondLineOrigi Point2dSimpleType The origin of the second hatching
n line.
Pattern/Angle AngularValueType The angle of the hatching lines.
Pattern/Color ColorType The color of the hatching lines.

Example:

<HatchStyleSet n="1">
<HatchStyle id="1" label="hatch style 1">
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<Form>PATTERN</Form>
<Color>0 0 0</Color>
<Patterns n="3">
<Pattern>
<LineStyle>SOLID</LineStyle>
<FirstLineOrigin>0 0</FirstLineOrigin>
<SecondLineOrigin>4 0</SecondLineOrigin>
<Angle>45</Angle>
</Pattern>
<Pattern>
<LineStyle>DASH</LineStyle>
<FirstLineOrigin>0 0</FirstLineOrigin>
<SecondLineOrigin>4 0</SecondLineOrigin>
<Angle>135</Angle>
/Pattern>
Pattern>
<LineStyle>DOT</LineStyle>
<FirstLineOrigin>2 0</FirstLineOrigin>
<SecondLineOrigin>6 0</SecondLineOrigin>
<Angle>45</Angle>
/Pattern>
</lPatterns>
</HajtchStyle>
</HatchStyleSet>

7.5.7.6.6 Camera

Cameraldescribes a camera — projection of the 3D #nodel space to 2D window, as seen in Fjgure
210 and| Figure 211.
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Height

~

2D view plane —— | ]

ViewPlaneOrigin
and Qrientation S~

~N

Figure 210 — Orthegraphic Camera
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. ~
S ~t-

2D view plane —<— | "

ViewPlaneOrigin
and Qrientation

Figure 211 —Perspective Camera

Width = Height * Ratio

Fields:
Field Name Data Type Description
This attribute specifies the camera type:
@form CameraFormEnumType | o115 GRAPHIC' or 'PERSPECTIVE'.
ViewPIlgneOrigin PointSimpleType The view plane origin.
. . . The rotation of the view plane around the view plane
Orientation QuaternionType ..
origin.
Ratio wc:double The aspect ratio of the view plane (normally it
corresponds to the viewport).
Near LinearValueType The distance from the view plane to the near clipping
plane.
Far LinearValueType The distance from the view plane to the far clipping
plane.
Height xs:double Half of the top to bottom extent of the 2D view plane.
Example:

<Camera 1d="348">
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<ViewPlaneOrigin>0.467 0.587 0.020</ViewPlaneOrigin>

<Orientation>

<Value>0.285 0.267 -0.185 -0.901</Value>

</Orientation>

<Ratio>1.465</Ratio>

<Near>-2.449</Near>

<Far>2.449</Far>

<Height>1.079</Height>
</Camera>

7.5.8 VYalidation properties

7.5.8.1 Edge validation properties

Edge vdlidation properties include total length, centroid, bounding box and points,with tangent

vectors.

Edge/V4lidation fields:

Fleld Name Data Type Description
Length xs:double The edge/length.
Centroifl PointSimpleType Thevedge centroid.
Box BoundingBoxAxisAlignedType KkThe edge bounding box.

Points/Points ArrayPointType
or or
Points/PointsBinary ArrayBinaryType

The set of points that lie on the edge.

Points/Directions ArrayUnitVectorType
or or
Points/DirectionsBinary | ArrayBinaryType

The set of tangent vectors defined at the
points. The number of array elements
corresponds to the number of points.

Examplg:

<Edge [id="403">
<Valfidation>
<Length>100%/Length>
<Ckntroi@>50 0 0</Centroid>
<Bpx>
POLNtMin>0 0 0</PointMin>
RPeintMax>100 0 0</PointMax>

</Box>
<Points>
<Points n="3">
00O
50 0 0
100 0 O
</Points>
<Directions n="3">
100
100
100
</Directions>
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Points>
lidation>
ve>
d>390</Id>
rve>
texBeg>
d>396</I1d>
rtexBeg>
texEnd>
d>400</1d>
rtexkEnd>

- 2018

</Edge

7.5.8.2
Face va

Face validation properties
idation properties include total area, centroid, bounding box and points with ‘normal

Face/V4glidation, FaceMesh/Validation fields:

vectors.

-

eld Name Data Type Description

Area

xs:double The face area.

Centroi

i PointSimpleType The faceCentroid.

Box

BoundingBoxAxisAlignedType | The*face bounding box.

Points/
or
Points/

Points ArrayPointType
or The set of points that lie on the face.
PointsBinary ArrayBinaryType

Points/
or
Points/

Directions ArrayUnitVectorType The set of normal vectors defined at the
or points. The number of array elements
DirectionsBinary | ArrayBinaryType corresponds to the number of points.

Examplé:

<Face
<Val
<A|
<C
<B

</

i d="174">

i dation>

rea>10000</Arca>

entroid>50~50 0</Centroid>

DX >

PointMin>0 0 0</PointMin>
PoivitMax>100 100 0</PointMax>
ROx>

<P

©IS

oints
<Points n="5">

000Q0

100 0 O

100 100 O

0 100 O

50 50 O
</Points>
<Directions n="5">

001

001

001

02020 - All rights reserved
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001
001
</Directions>
</Points>
</Validation>
<Surface>
<Id>102</Id>
</Surface>
<LoopIds n="1">
<Id>113</Id>
</Looplds>
</Face

7.5.8.3 Body validation properties

Body validation properties include total area, centroid, volume, bounding box, poifts‘with nofmal
vectors that lie on faces and points with tangent vectors that lie on edges.

Body/Vdlidation fields:

Field Name Data Type Description
Area xs:double Thelbody area.
Centroifl PointSimpleType The body centroid.
Volume) xs:double The body volume
Box BoundingBoxAxisAlignedType | The body bounding box.
FacePoints/Points ArrayPointType
or or The set of points that lie on the facps.
FacePoints/PointsBinary ArrayBinaryType
FacePoints/Directions ArrayUnitVectorType The set of normal vectors defined 3t the
or or face points. The number of array elements
FacePoints/DirectionsBinary | ArrayBinaryType corresponds to the number of face|points.
EdgePo|nts/Points ArrayPointType
or or The set of points that lie on the edges.
EdgePo|nts/PointsBinary ArrayBinaryType
Th f fi h

EdgePo|nts/Directions ArrayUnitVectorType esetg tangent vectors defined pt the
or or edge points. The number of array

-\, . . elements corresponds to the numbler of
EdgePo|nts/DirectionsB ArrayB T .

gePo|nts/DirectionsBinary | ArrayBinaryType edge points.

Example:

<Body id="127">
<Validation>

<Area>60000.0</Area>

<Centroid>50 50 50</Centroid>

<Volume>1000000.0</Volume>

<Box>
<PointMin>0 0 0</PointMin>
<PointMax>100 100 100</PointMax>

</Box>

<FacePoints>
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<Points n="2">
50 50 O
50 50 100
</Points>
<Directions n="2">
00 -1
001
</Directions>
</FacePoints>
<EdgePoints>
<Points n="2">
50 0 0O
50 100 O
/Points>
Directions n="2">
100
100
/Directions>
</EdgePoints>
</Vallidation>
<FacpIds n="1">
<IFE>175</Id>
</FajceIlds>
<LoopIds n="1">
<Id>126</Id>
</LoppIds>
<EdgeIds n="4">
<IE>487</Id>
<IE>495</Id>
<IE>503</Id>
<Id>511</Id>
</EdgeIds>
<VerftexIds n="8">
<IP>484</Id>
<IP>486</Id>
<IPE>492</Id>
<IPE>494</1d>
<IE>500</Id>
<Id>502</Id>
<IKE>508</Ig>
<IE>510<APd>
</Velrtexids>
</Body|

7.5.8.4 Part/Assembly validation properties

Part/Assembly validation properties include total area, centroid, volume, bounding box, points with
normal vectors that lie on faces, points with tangent vectors that lie on edges, and centroid and
bounding box defined for each part/assembly instance.

Validation fields:

Field Name Data Type Description

Area xs:double The part/assembly area.
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Centroid PointSimpleType The part/assembly centroid.
Volume xs:double The part/assembly volume.
Box BoundingBoxAxisAlignedType The part/assembly bounding

box.

FacePoints/Points
or
FacePoints/PointsBinary

ArrayPointType
or
ArrayBinaryType

The set of points that lie on the
faces.

FacePoints/Directions

ArrayUnitVectorType

The set of normal vectors
defined at the face points. The

or
FacePoints/DirectionsBinary

or
ArrayBinaryType

number of array element$
corresponds to the numbler of
face points.

EdgePo|nts/Points
or
EdgePo|nts/PointsBinary

ArrayPointType
or
ArrayBinaryType

The set of paints that lie pn the
edges.

EdgePo|nts/Directions
or
EdgePo|nts/DirectionsBinary

ArrayUnitVectorType
or
ArrayBinaryType

The set-of tangent vectorp
défined at the edge points. The
ndmber of array element$
corresponds to the number of

edge points.

The array of instance valiflation

Instances .
properties.

ValidationPartAssemblylnstancesType

The identifier of the assembly

| ps/| AsmPathl IFRef T .
nstances/Instance/AsmPathld | QIFReferenceType path of this part/assembly.

Instancgs/Instance/Centroid PointSimpleType The instance centroid.

Instances/Instance/Box BoundingBoxAxisAlignedType The instance bounding bax.

Examplé:

<Part [id="1930" label="crank-arm">
<Valfidation>
<Alrea>60000.0</ATeca>
<Ckntroid>50¢50 50</Centroid>
<Vplume>1000000.0</Volume>
<Bpx>
PoifftMin>0 0 0</PointMin>
PéintMax>100 100 100</PointMax>
</Baz>
<FacePoints>
<Points n="2">
50 50 O
50 50 100
</Points>
<Directions n="2">
00 -1
001
</Directions>
</FacePoints>
<EdgePoints>
<Points n="2">
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50 0 0O

50 100 O
</Points>
<Directions n="2">

100

100
</Directions>
EdgePoints>
nstances n="2">
<Instance>

<AsmPathId>1123</AsmPathId>

- 2018

</
</Va
<Bod
<T

<T

<T

<T
</Bo
</Part

759 H
The QIR
the sche
chain of
element

<Centroid>150 50 50</Centroid>
<Box>
<PointMin>100 0 0</PointMin>
<PointMax>200 100 100</PointMax>
</Box>
/Instance>
Instance>
<AsmPathId>1124</AsmPathId>
<Centroid>50 50 150</Centroid>
<Box>
<PointMin>0 0 100</PointMin>
<PointMax>100 100 200</PointMax>
</Box>
/Instance>
[nstances>
lidation>
yIds n="4">
1>1929</1d>
1>1921</Id>
4>1913</Id>
1>1899</Id>
dyIds>

ligh level description of the product data

MBD model includes the information items from the Product.xsd schema file and m
ma files in the QIF Library. The QIF Library files are incorporated into the schema b
"include” diréctives starting in the Product.xsd schema file. A diagram of the highes
5 of the-QIF MBD model are seen in Figure 212.

any of
y a
-level
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Figure 212 — High level view of QIF MBD highest level elements
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8 QIF Plans information model

8.1

Foreword

The Quality Information Framework (QIF) information model was developed by domain experts from
the manufacturing quality (that is metrology) community representing a wide variety of industries
and quality measurement needs. Specifically for the QIF Plans work, past and current contributors
include:

Main:

Support

oneywell Federal Manufacturing & Technology
ockheed Martin Missiles and Fire Systems
itutoyo America

ational Institute of Standards and Technology
rigin International Inc.

IF Solutions

enishaw plc

apvidia
eere & Co.
ISCUS Software
exagon Metrology
orst Engineering
IPI Solutions
IIll transenData
letrosage LLC
RPAS Technology
Rolls-Royce
$iemens
Wniversity of North Carolina at‘Charlotte
alidation Technologies

This clause was written bydhe QIF Plans Working Group and given final approval for ANSI rpview

by the OMSC’s Quality_ Measurement Standards (QMS) Committee.

This vergion of thetQIF Plans information model contains significant additions to the previou

\"Z}

, whichhvas published as ANSI/QIF Part 4 — 2015. These include:

umerical-valued variables may be declared, set, and evaluated. The value of a variable

The “If” action group has been added. It includes zero to many Elselfs and an ElseDo. It
behaves the way “If’ behaves in some widely-used programming languages.

A “While” action group has been added. It behaves the way “while” behaves in some widely-
used programming languages.

Expressions were defined for use in rules in version 2.1, but they were not used in plans. In
QIF version 3.0, expressions are used in plans in the tests made in “If” and “While”.

The ability to reference a measurement taken while executing a plan has been added. This
was done by defining the VirtualMeasurementType with an id and putting an optional
VirtualMeasurement element in the CharacteristicitemBaseType and the
FeatureltemBaseType. Measured values can be obtained during plan execution by
referencing the id in the VirtualMeasurement element.
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e String (actually xs:token) expressions were added with very limited use. A test can be made
whether two strings are identical.

¢ A “Halt” action was added so that execution of a plan can be stopped before completion.

e The LaserRadar measure feature method was added.

All additions were designed to be translatable into the DMIS programming language. Plans are not
intended to be directly executable. As used above, “plan execution” really means execution of a
program created from a plan.

8.2 Introduction
In brief, RQIF Plans is an information model representing the unique QIF Application of measlirement
plans. QIF Plans defines the information necessary to support multiple levels of measurement
planning, including:

A simple Bill of Characteristics (BoC),
measurement scope,

nspection planning,

CMM measurement planning,

nuality routing plans,

irst article inspection,

manufacturing verification,
bn-machine gaging,

inal product acceptance.

Quality measurement plans are required by all quality departments to efficiently and effectively

validate [conformance of manufactured products aceording to design specifications. QIF proyides
the only[standard format for defining measurement plans at any level above measurement
programs. Without QIF, small, medium and eriterprise manufacturers suffer from the need tq
transpose measurement information fromyr.@he system to another. Older methodologies waste
valuablg time, allow for human mistakes, and cost money. QIF provides a common, standarflized

informatjon definition for measuremeént planning to carry quality requirements information frgm one
system {o another.

The obje¢ctive of the QIF Plans information model is to communicate all the necessary feature
definition, product charaeteristics and related quality information required to measure and verify
product requirements,fAlthough the scope of QIF Plans places an emphasis on feature-basgd
dimensipnal metrolegy and the dimensional measurement programs to be executed on dimgnsional
measurgément equipment, much attention was devoted toward addressing significant elemerjts that

also support attribute and other types of validations.

A QIF Plansfitetsanm XMEinstance fileconformingto the-QtF Bocoment schemaancdtaving a Plan
element in the QIFDocument root element. The Plan element itself does not contain all information
necessary and sufficient to perform inspection or generate a CMM program for performing
inspection. Information regarding features, characteristics, product shape and structure (i.e., CAD
data), measurement rules, and measurement resources is associated with the plan by being in
other elements of the same QIFDocument or by being in one or more external QIF files. The plan
references that information using QIF ids and QPIlds. Non-QIF data in external files or on drawings
may also be referenced.

Directly or by reference, a QIF Plan will consist of many categories of information. It will contain a
list of features and an associated bill of characteristics (BoC) such as tolerances associated with
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features. The plan can reference additional product information such as datums, datum reference
frames, and measurement resources, as well as traceability information. At a minimum, a QIF Plan
will define one or more actions that specify “what” to measure or validate. These actions can be
further organized in a hierarchical group of actions. Also within QIF Plans, each action may
reference one or many action methods on “how” to perform a measure or validation. In addition, an
action may specify measurement resources (measurement devices, fixtures, and sensors).

8.3 Scope

8.3.1 ontents of this clause

This clatise defines a QIF application information model called QIF Plans. The information.nmodel is
describgd in a data dictionary and consists of definitions for data types, elements, the-logica
relationghips between them, and the semantics of the quality information for the application pf
Quiality Planning.

The XML schema definition language also allows for the definition of rules ‘and checks that gnforce
constraifts on the computer-to-computer writing and reading of instanees of QIF Plans. Thelfile that
defines the top levels of the QIF Plans information model and contains’'some of the rules is
QIFPlan.xsd. The bulk of the model is defined in the files of the QIF ‘Library, many of which are used
by the QIFPlan.xsd file. All QIF XML schema files are normative-to the QIF standard and can be
downlogded at www.gifstandards.org.

8.3.2 Workflow of QIF Plans data for manufacturirig quality

Figure 2 shows a Model Based Product Verification?Workflow activity diagram flowing from &
product definition as the primary input to the reporting and analysis of measurement results.|The

work floy activities for a Quality Metrology Enterprise are contained in the blue boxes and consist of
four majpr Quality Metrology Enterprise activities:

Determine Measurement Reguirements
Define Measurement Process

Execute Measurement Rrocess
Analyze & Report Quality Data

Between any two connected work activities there exists an interface in which digital informatjon
must be|exchanged:

Assuming thatthe activity of “Define Product” has already been performed, the planning work
activity of “Betermine Measurement Requirements” receives product definition with Product pnd
Manufagturing Information (PMI) as input which includes product characteristics and their
criticalities. Then based upon known quality requirements and/or manufacturing process knowledge,
measurement requirements are determined as a set of measurement criteria also known as a bill of
characteristics (BOC). A product characteristic is typically a tolerance or specification applied to a
feature or product that needs verification. This BOC may constitute a high level quality plan — a list
of “what” needs to be inspected or verified. Next, given metrology resources and metrology
knowledge, the “Define Measurement Process” activity augments the set of measurement
requirements by defining an inspection plan on “how” to inspect or verify the items in the bill of
characteristics. The “hows” may reference one or many measurement resources. The generation of
the "hows" may be guided by a measurement rule set. This inspection plan will then drive the
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activity of “Execute Measurement Process” via various measurement resources, which produces
measurement results.

The QIF Plan conveys information output of the “Determine Measurement Requirements” activity by
describing a measurement scope that lists all of the product characteristics and their features and
the actions required to measure/validate them. Furthermore the QIF Plans conveys the output of
“Define Measurement Process” by describing the methods on how to measure/validate the actions
contained in the measurement scope.

8.3.3

IF Plans information model

The QIH Plans information model focuses on actions, the "what" of inspection, and includesjaction

methodg, the "how" to measure. The "what" defines the product characteristics needing.io be

verified/gvaluated and the corresponding features that need to be measured. The *how” augments
the “wh3gt” with additional information such as the verification or measurement méthods. "What" can

also dedignate generic or specific measurement resources according to quality engineering

business$ practices or by specified measurement rules. Information about.inspection equipment, and

detailed|methods of inspection, (the "how"), can be generated at the time.of initial QIF Plan

generatipn or can be gradually augmented during further maturation ofthe QIF Plan. As a rgsult, a

QIF PIaT has the advantage of specifying either only the actions ©fjinspection, or it can be further
augme

nted with details on the action methods to be used. This Separation of "what" from "how

permits flexibility in configuring manufacturing computer aided quality systems. The work floy to the
“‘what” sjage is illustrated in Figure 213. The work flow thfough the “how” stage is shown in Figure
214.

8.3.4

The QIH Plans information model was designed with the following scope and out-of-scope
requirenments.

In scops:

348

QIF Plans scope

Feature-Based
Dimensional Metrology
Non-Dimensional Metrology
Product (that is, Part and/or Assembly)
Rroduct Chargeteristics
o Dimensional Tolerances
Geometric Tolerances
User Defined Characteristic (attribute or variable)
Surface Textures
Thread Specifications
Flagged Notes
o General Notes
Characteristics Designator (that is, a human-readable product unique identifier (for example
<PC007>) similar to the known practice of “ballooning”)
Characteristics Criticality Class Levels (for example MINOR, MAJOR, CRITICAL)
Characteristic QPId (that is, a persistent digital-readable universally unique identifier similar
to the UUID)
Datum Features, Datums, Datum Targets, and Datum Reference Frames
Traceability Information
Work Instructions (reference to a document, image, text, or video)
Determine Measurement Scope (that is a list of actions of “what” to measure)
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Define Measurement Plan (a hierarchical list of actions of “what” to measure with associated
methods on “how” to measure)

Associations to Measurement Resources

Consideration of Measurement Definitions that include accuracy statements and calibration
statements

e Utilization of Measurement Rules
¢ Product Model-Based Definition and Model Entity Relationships
e Planning from a Model Based Product Definition Environment
e Planning from a Document/Drawing based Product Definition Environment
Out of seope:
e Reaction planning defining corrective action
e S$ampling plans
¢ low level execution plans or “DME Programming”
8.3.5 OQIF Plans use cases
The QIH Plans 3.0 model was designed to support the following use cases(
8.35.1 Bill of Characteristics
A measlirement requirement is often identified as a product characteristic. A product characteristic
is typically a tolerance or specification applied to a feature or preduct that needs verification.| A

group ofl product characteristics for a product is called a Bill.of Characteristics (BoC). A BoClis a

listing of the product characteristic items required for verifying that a product meet$

requirements. A BoC can be considered as a simple measurement plan. From a QIF Charagteristic

charactgristic item, the human readable name of the characteristic item and the machine readable

In the measurement scope use case,shown in Figure 213, the BoC defines “what” to measyre. A

Ol

ingle Action: definition of a set of features and characteristics, and definition of one [action
tating Measure @nd Evaluate ALL defined Characteristics
pecified ActionPlan: definition of a set of features and characteristics, and definition of one
ction to medsure and evaluate specified characteristics
et of Actions Plan: definition of a set of features and characteristics, plus definition ¢f an

ction-Group that contains Actions to measure and/or evaluate a specified characterjstic or
easure a feature.
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Product
Model Based QIF Plans
Definition
Source 0
Tolerance /ﬁ
Standards Quality dfe QI F
¢ Requirements O Lb
Manufacturing I rary
Product Model Process
(CAD, — QIF MBD
STHP)

Produg¢t Definition

w/ PMI & Determine
F Plans
Criticalities Measurement ((1' o
Requirements LLLLELE
Measurement
Scope(whats) Bill of Characteristics

(list of what needs to be validated)
Input for a First Article Inspection

Figure 213 — Measurement Scope (e.g., Bill of Characteristics) with QIF Plans

8.3.5.3 Inspection Plan

The inspection plan use case, shown in Figure 214defines “what” to measure with “how” to
measurg. An inspection plan can include the following:

e Unordered Plan of Actions with Methods
o [birected Plan of Actions with Metheds which specifies a hierarchical order of actions

Product
Model Based QIF Plans
Definition
Tolerance
Standards .
¢ Rechilll':::ints O QIF

Library

Manufacturing Metrology
Produgt Model Process | Resources
F%% — QIF MBD
PTER) | QIF Resources

Product Definition

o Metrology
w/ PMI & : QIF Plans Knowledge
Criticalities ea
whats
QIF Rules
Measurement
Scope(whats) b QlIF Plans
=asEIEIis (hows)
Inspection Plan Inspection Plans on what to measure
(whats & hows) and any how(s) (i.e., resources, processes)

— to perform the measurement
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Figure 214 — Inspection Process Planning with QIF Plans

8.3.5.4 Routing Plan

The routing plan use case, includes the “what” to measure with “how” to measure, but also adds the
“‘where” to measure such as the work cell for performing the measurement.

8.3.5.5 Application Use-Cases

A QIF Plan can be used for the following activities:
Plan for First Article Inspection (FAI)

D

[ ] :Clll fUI Sal||p=c (Paltla:) :I ID'JCL,tiUII

. lan for 100% Inspection

° lan within a Technical Data Package (MIL-STD-31000A)

° lan using supplied Measurement Rules Definition

o lan from a Model Based Product Definition

o lan from a Document/Drawing-Based Product Definition

o lan for complete Plant-wide Product Inspection

° lan for Enterprise-wide Product Inspection

e Plan for QIF Plans items Persistence with QIF Results items
8.3.6 IF Plans product definition support
The QIH information models support a digital engineering environment. The QIF is designed|to
support p workflow of quality data within a product definitionsenvironment that is either:

o odel-Centric (that is product shape only)

o odel-Based Definition (that is product shape with PMI)

. rawing-based
8.4 ata types and elements of the QIF Plans information model
The QIH Plans information model employs the following high level data types and elements.|Data
elementp are shown in Figure 216.
8.4.1 [Plan
A QIF instance file that is @Rlan has a unigue persistent identifier. The file may make an
association with a produeb definition (that is the model-centric, model-based definition, or drawing
based), may have traceability information that describes the circumstances of the plan, has pne
PlanElement, anpd\may reference one or many rules to be used or that were used.
8.4.2 |PlanElement
A PlanHlement can be an action or an action group.

8.4.3 Action
An action defines “what” needs to be measured/validated. An action may:
- include instructions defining what to do,
- specify measurement resources,
- have a preferred action method,
- have a list of alternative action methods,
- have preferred measurement resources,
- have a list of work instructions.

Descriptions of the specific types of action defined in QIF follow.
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8.4.3.1 MeasureEvaluateAllActionType

The MeasureEvaluateAllActionType defines an action that means: measure whatever is
necessary in order to find CharacteristicMeasurements for all Characteristicltems, and find those
measurements. For any Featureltems that are measured, also populate the corresponding
FeatureMeasurements with values.

8.4.3.2 MeasureEvaluateSpecifiedActionType
The MeasureEvaluateSpecifiedActionType defines an action that means: measure whatever is
necessary in order to find CharacteristicMeasurements for the Characteristicltems whose QIF

ids are clrﬁnr‘ifipd, and find those measurements. Ear any Featureltems that are measured_also

populatg the corresponding FeatureMeasurements with values.

8.4.3.3 EvaluateSpecifiedCharacteristicsActionType

The EvgluateSpecifiedCharacteristicsActionType defines an action that meansofind
CharacfteristicMeasurements for the Characteristicltems whose QIF ids arg specified. Dg not
measurg anything while performing this action. All features that need to beimeasured in order to
evaluatg the CharacteristicMeasurements must already be measured:

8.4.3.4 MeasureSpecifiedFeaturesActionType

The MeasureSpecifiedFeaturesActionType defines an actionthat means: measure the
FeatureJtems whose QIF ids are specified, and populate the:corresponding FeatureMeasufements
with valjes.

8.4.3.5 MeasureSpecifiedMeasurandsActionType
The MegsureSpecifiedMeasurandsActionType:déefines an action that means: measure th¢
Measurgnds whose QIF ids are given, and populate the corresponding FeatureMeasurements
with valjes.

8.4.3.6 HaltActionType
The HalfActionType defines an action that means stop executing the plan. A plan is not required to
include an instance of HaltAction Type.

8.4.3.7 VariableSetType
The VarjableSetType represents the setting of a variable.

8.4.4 |Action Groups

Actions may be‘combined together into the following types of action group: ordered group,
unordered group, one of group, partially ordered group, pick some group, “if’ group, or “while

group.

8.44.1 OrderedActionGroup

The OrderedActionGroup defines an action group for which all of the steps it contains must be
executed in order of increasing sequence number. The SequenceNumbers of the Steps in an
instance of OrderedActionGroup must be present, must be assigned 1, 2, 3, ..., and must be
executed in that order.

8.4.4.2 UnorderedActionGroup

The UnorderedActionGroup defines an action group for which all of the Steps it contains should
be executed, however the Steps may be executed in any order and no particular order of execution
is implied.
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8.4.4.3 PartiallyOrderedActionGroup

The PartiallyOrderedActionGroup defines an action group for which all of the Steps it contains
should be executed, but each Step may be executed only after all of the Predecessors of that Step
have been executed. If more than one Step meets that condition, any order of executing those
Steps will work, and no particular order is required by the plan. The SequenceNumbers of the
Steps in the StepsWithPredecessors in an instance of PartiallyOrderedActionGroup must be
assigned 1, 2, 3, ... but usually will not be executed in that order.

8.4.4.4 OneOfActionGroup
The OneOfActionGroup defines an action group for which exactly one of the Steps it contains

must be|executed. Any Step in the list will do. The SequenceNumbers of the Steps in ariifstance
of OneQfActionGroup are not required to be distinct. The SequenceNumbers indicate\a
preference for which Step is executed, with 1 the most preferred, 2 the second most preferre¢d, and
so on. Steps with the same SequenceNumber are equally preferred.

8.4.4.5 IfActionGroup
The IfAgtionGroup is a conditional action group that represents an If-Elself-Else construct with zero
to many|Else-Ifs and an optional Else for the purpose of conditionally executing one or more| specific
actions. |Details of the IfActionGroup are given in subclause 8.9.452.

8.4.4.6 WhileActionGroup
The WhileActionGroup is a conditional action group that represents a while loop that contrpls a
flow of gne or more actions to be executed repeatedly based on a given Boolean expressior.
Details ¢f the WhileActionGroup are given in subclause 8.9.4.3.

8.4.5 |Nesting of Action Groups
Inside apy action group (starting with the PlanRoot, which is an action group), the plan elements to
be execlited may be either actions or actioh’groups. In this way, a nest of action groups, pogsibly
interspefsed with actions, may be formed. For most practical purposes of dimensional metrglogy,
howevel, a single root action group.with no nested action groups will suffice as a plan.

8.4.6 |Action Group Functions
The MegsureActionGroupFunhctionType defines the function of an action group. The data|element
may corjtain one of the eniimerated functions in the following subclauses or it may contain & string

describing some otherfunction.

8.4.6.1 RoutingPlan
A RoutipgPlanis a group of actions that may route the product from one measurement work cell to
another/ It's enumeration value is ROUTING_PLAN.

8.4.6.2 OperationSequenceGroup
An OperationSequenceGroup is a group of actions that are performed at one work cell, typically
referencing a measurement device resource. It's enumeration value is OPERATION_SEQUENCE.

8.4.6.3 SetupUsageGroup
A SetupUsageGroup is a group of actions that are performed at one part setup, typically
referencing a fixture resource. It's enumeration value is SETUP_USAGE_GROUP.

© IS0 2020 - All rights reserved 353


https://standardsiso.com/api/?name=af1e712764a1418fa8986b61b80157e8

IS0 23952:2020(E)
QIF Plans 3.0 ANSI/DMSC QIF 3.0 - 2018

8.4.6.4 SensorUsageGroup
A SensorUsageGroup is a group of actions that are performed at one sensor tool change, typically
referencing a sensor resource. It's enumeration value is SENSOR_USAGE_GROUP.

8.4.6.5 CarriageUsageGroup

A CarriageUsageGroup is a group of actions that are performed at one carriage, typically
referencing a carriage of a measurement device resource. It's enumeration value is
CARRIAGE_USAGE_GROUP.

8.4.6.6 PartCoordinateSystemUsageGroup
A PartCpordinateSystemUsageGroup is a group of actions that are performed at one actiye part
coordinate system which usually corresponds with a datum reference frame. It's enumeration value
is PCS_JUSAGE_GROUP, where "PCS_" means "part coordinate system".

8.4.6.7 EvaluateCharacteristicActions
An EvalpiateCharacteristicActions is a group of actions that are performed to’evaluate a pfoduct
charactaristic. It's enumeration value is EVALUATE_CHAR_ACTIONS, where "CHAR_" means

"characteristic".

8.4.6.8 EstablishDatumActions
An EstablishDatumActions is a group of actions that are performed to establish a datum wjith a
datum re¢ference frame. It's enumeration value is ESTABLISH DATUM_ACTIONS.

8.4.7 [Measurand

A measlirand is the object, quantity, property or cofdition to be measured for a specific purpgose. It
can be Used to evaluate a product characteristie, item of a feature, can be used to establish & datum
instancg within a datum reference frame, and can be used to determine a particle/grain size (within
granulan materials.

8.4.8 [Action Method

An action method describes “hgw*an action is to be performed. It can be used by multiple aftions,
may haye chosen measurenient resources, may have work instructions, and may be a measgure
feature method derived type!

849 lLMeasure Feature Method

A measlire featufeymethod will be subtyped as one of the following:

°
fan)

oordinate measure feature method (e.g., measure a feature with a CMM)

* gage measure feature method (e.g., measure a feature with a gage)

* manual measure feature method (e.g., measure a feature by hand using a caliper,
micrometer, or open set-up)

* microscope measure feature method (e.g., measure a feature by microscope)

» autocollimator measure feature method (e.g., measure a feature by an optical instrument for
non-contact measurement of angles)

+ profile projector measure feature method

* universal length measuring machine measure feature method

» laser radar measure feature method

» laser tracker measure feature method

» computed tomography measure feature method

» theodolite measure feature method

» calibrated comparator measure feature method
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+ external reference measure feature method
« other measure feature method

8.4.10 Work Instruction
A work instruction can be textual, a document file, an image file, or a video file.

8.5 Tracking information through the product lifecycle

QIF is constructed to enable a seamless flow of information from upstream applications such as a
QIF Plan to downstream applications such as a QIF Results and to enable tracking information

through g-preductstifecyele—This-can-be-enabled-through-separate-eracommon-QH—deecuments
and withl QPIds. The QIFDocument is used as a unique container that holds applications,sich as
the measurement plan and measurement results as well as other key elements.

8.6 QIF Plans data flow to results

QIF is cpnstructed to enable a seamless flow of information from upstream, applications such as QIF
Product$ and/or QIF Plans to downstream applications such as QIF Results“and to enable tifacking
informatjon through a product’s lifecycle. QIF Results is downstream frem QIF Plans. A QIF
Documgnt can contain a QIF Plan with multiple QIF Results. QIF Results data files can be
generatg¢d in the absence of a previously built QIF Plans file. HoweVver, if a QIF Plans file exists prior
to the measurement execution, then a significant portion of the.contents of the corresponding QIF
Results file can be obtained from the shared QIF Documents-or from the QIF Plans’ QIF Do¢ument
file.

The follgwing items may normally be transcribed ditectly from a QIF Plan’s QIF Document file to a
corresponding QIF Results file:

flle units

datum feature definitions

datum definitions

datum target definitions

datum reference frames

reasurement resources

product’s part and assembly definitions
feature definitions; nominals, and items
gharacteristicdefinitions, nominals, and items

8.7 QIFResults reference to QIF Plans

Within a-Resultsfiletherearetwowaystoexpress anassociationwiththe Ptansfitethatwas used
in producing the Results file. They both use the choice-type InspectionTraceability element within
the MeasurementResults element. The first choice records the QPId of the QIF Plans file through a
ReferencedQIFPlaninstance element. The second choice indicates that the QIF Plans file is
contained in the QIF Document file by setting the ReferencedQIFPlan element to “ThisFile”.

8.8 Item tracking and persistence between QIF Plans and QIF Results

An application can associate multiple results items from Results files with plan items from a Plans
file by using QIF persistent identifiers (QPId)s, as described in Clause 5.
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8.9 High level description of QIF Plans.xsd

8.9.1 High level structure of the QIF Plans schema

This subclause describes the highest level elements of the QIF Plans information model. The QIF
Plans schema model includes the information items from the QIFPlan.xsd schema file and several
of the schema files in the QIF Library. The QIF Library files are incorporated into the schema by a
chain of "include" directives starting in the QIFPlan.xsd schema file. Elements in the figure with +
signs at the right have substructure that is not shown in the figure. All substructures are defined in
the QIF Library files. A complete description of all QIF Plans data definitions and elements is
availablé in text in the XML schema files and graphically in the QIF HTML files. QIFPIlan.xsd|also
includeg several key, and keyref constraints on elements and relationships between elements.

The Plap element is of type PlanType and is the highest level element of the QIF /Plans modgel. An
XML instance file written in conformance with the QIFPlan.xsd schema file may,eontain one |Plan
element| A PlanType’s top level components are described in Figure 215. They include:

. ersion — this optional element gives version information about'the measurement plan. The
ersionType includes the VersionQPId element which unigquely identifies this measurement
plan.

o RulesUsedQPId - this optional element gives the QPId.of the rules that were used in|creating
the plan. The rules may be in the same QIFDocument as the plan, or in a $eparate
@IFDocument, or both (in which case the two sets<f rules must be identical).

RulesToUseQPId — this optional element.gives the QPId of the rules to be used in making a
more detailed plan from the plan or in generating a program from the plan (a DMIS grogram,
fpr example). The rules may be in the-same QIFDocument as the plan, or in a $eparate
QIFDocument, or both (in which case the two sets of rules must be identical).

o \NorklInstructions — this optional element captures any instructions necessary for edecuting
the Plan.

e ActionMethods - this-optional element captures any action methods necessary for
xecuting the Plan¢

fan)

o Measurands.\this optional element captures any measurands used in the Plan.
e localVarigbles — this optional element captures any local variables used in the Plar].

e PRlanRoot - this element gives information about the activities to be carried out in ekecuting
the-measurement plan and how execution of the measurement plan is to be cdntrolled.
Structurally, the PlanRoot is at the top of a plan tree of PlanElements. All PlanElement
instances occur within this plan tree.
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E Version :
o H
1 1type | VersionType
:L-,: RulesUsedQPId E]
! itype | QPIdFullReferenceType |
\ ! RulesToUseQPId -

PlanType BH{(o- T -eiiasssssssaisssssioss
_ 1 ActionMethods E';'l
{ type | ActionMethodsType ;
_ i Measurands :
i type | MeasurandsType
: LocalVariables :
2t =
i type | LocalVariablésType |
-------------- NN
_'PlanRoot FE'
type [ ActionGroupBaseType
4 O
|| @neOfPlanRoot E]
type | OneOfActionGroupType

| OrderedPlanRoot s
type | OrderedActionGroupType |

|| PartiallyOrderedPlanRoot A
tvpe | PartiallyOrderedActionGroupType 1

| PickSomePlanRoot s

type | PickSomeActionGroupType |

UnorderedPlanRoot
3]

tvpe l UnorderedActionGroupType |

Figure 215 — Sub-elements of the Plan data type

The global PlanRoot element, introduced in Figure 215, is of ActionGroupBaseType that may be
replaced (as provided by substitution group declarations) by any of the following elements
representing action groups:

e OneOfPlanRoot — A PlanRoot which is an OneOfActionGroup that defines an action
group for which exactly one action must be executed.

e OrderedPlanRoot — A PlanRoot which is an OrderedActionGroup that defines an action
group for which all of the actions it contains must be executed in order.
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e PartiallyOrderedPlanRoot — A PlanRoot which is a PartiallyOrderedActionGroup that
defines an action group for which all of the actions it contains should be executed only after
all of the predecessors of that action have been executed.

o PickSomePlanRoot - A PlanRoot which is a PickSomeActionGroup that defines an action
group for which a specified number of actions it contains must be executed in any order.

e UnorderedPlanRoot - A PlanRoot which is an UnorderedActionGroup that defines an
action group for which all of the actions it contains must be executed in any order of

execution.

Figure 216 shows the major data elements introduced in the QIF Plan.xsd schema file with

| EvalSpecfdChar ? \l\
\

Resour

simplifiegrrefationsbetween QtF Plansetementsaswettaswithetementsfrom-the QtFtibrayy.
e
.//\ﬁ/
Plan .\ Produgts
v N
PlanElement 'T;Method cp . —
ActjonGroup ACtia? ./ ./ i ‘0‘ CoordMeasureFeature | >
QM "
Thacealji
’ Ordered ‘ | Unordered‘ | MeasEvalAllChar ¢ ‘ ‘ GageMeasureFeature | ceaity
T I AN )
’ OreOf ‘ | PickSome ‘ | MeasEvaISpecdeharN ‘ ManualMeasureFeature |
Y ANY — W
| PartiallyOrdered ‘ ﬁ OtherMeasureFeature | Measu

e
S %therMeasure

‘| otherMeasurand

N ‘ Videolnstruction

L if ||While | | | | MeasSpecfdFeat <\
Y L}
Functions | MeasSpecfdMeasurandq\ N A
* RoutingPlan | )
* QperationSequence ’ Halt ‘ _\lW T ®
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* HcsUsageGroup
« HvaluateCharActions | EvalCharMeasurand Q ‘ Documentinstruction |
» HstablishDatumActions AN ]
+ Undefined ¢EstDatumMeasurand '\| ‘ Imagelnstruction |
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8.9.2 rr)ajor elements

The majprdata elements of the QIF Plans information model are listed below and explained

Figure 216 — QIF Plans Major Elements with Simplified Relations

Primitive|

NEAVAN AVANIVAUIVAT

in both

subclause 3.0 (Terms and Definitions) and subclause 8.4

¢ Plan

o PlanElement
= Action

= ActionGroup

¢ Measurand
¢ Method
e Workinstruction
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8.9.3 Simplified relationships elements

The lines from a small dot to a larger dot signify a one-to-many relationship whereas the line
small dot to a small dot signify a one-to-one relationship. High level relationships include:

* A measurement plan may have product information

* A measurement plan has traceability Information

* A measurement plan has a top level Plan element

* A PlanElement is an action or an action group

* An action group references zero to many work instructions
* An action group contains one to many actions

s from a

T action references zero or one actiom method

n action references zero to many preferred measurement resources

n action references zero to many work instructions

ome actions reference features

ome actions reference characteristics

ome actions reference measurands

n action method references zero to many chosen measurement resources
n action method references zero to many work instructions

ome measurands evaluate a characteristic

ome measurands establish a datum within a datum reference-frame

8.9.4

Most of the action groups can be used as a plan root. Théway they work is described follow
Figure 215. The IfActionGroupType and the WhileActionGroupType cannot be used as §
root but jare conditional action groups that can be used anywhere else a PlanElement may

onditional Action Groups

8.9.4.1

The IfAgtionGroup and WhileActionGroeup plan elements test Boolean expressions as a

conditional action group. The Boolean.expressions include comparing arithmetic expression
well as Boolean constants true and-false and the Boolean operations and, or, and not. The

arithmetic expressions include the-Usual arithmetic operations (plus, minus, etc.), constants,
several fypes of arithmetic valyes extracted from features, characteristics, and other types o
They algo include using the“values of plan variables. Plan variables are described in subclau
8.9.5.

Expressions

The formal models'\of Boolean expressions and arithmetic expressions other than plan varia
given injthe Expressions.xsd and GenericExpressions.xsd schema files and are described i
6.

ng
plan
De used.

and
f object.
se

bles are
Clause

8.9.4.2 HActionGrotupType

The IfActionGroupType is derived from ActionGroupBaseType and represents an If-Elself-Else

construct with zero to many Else-Ifs and an optional Else.

The If element is a test to evaluate and the PlanElement to execute if the test evaluates to true.

Each optional Elself is a test to evaluate and the PlanElement to execute if the test evaluates to

true.

The optional ElseDo is a PlanElement to execute if none of the If or Elself tests evaluates to true.
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Otherwise, evaluate the test in the next Elself if there is one. If it evaluates to true, execute
the PlanElement in the Elself and return. Repeat until either return occurs or there are no

more Elselfs.
Otherwise, if there is an ElseDo, execute the PlanElement in the ElseDo and return
Otherwise, return.

It is possible that no PlanElement will be executed when an IfActionGroupType is executed.

8.9.4.3

The WhileActionGroup plan element (of WhileActionGroupType) represents a loop! It co
a BoolepnExpression and a PlanElement.

To execlte a WhileActionGroup:

If the BqoleanExpression evaluates to false the first time it is;evaluated, the PlanElement
executeq.

In order[that a While will eventually stop looping, it isinecessary that executing the PlanEler
eventually change something, and that the change will eventually cause the BooleanExpre
evaluatq to false.

The WhileActionGroup has limited usefulnéss. Additional methods of referencing variables
modifying strings will be needed in future‘versions of QIF to make it more useful.

8.9.5

As shown in Figure 215, a plan-may include a LocalVariables element that is a set of variak
declaratjons. Each declaration gives the name of the variable and its initial value.

The valye of a variable.may be changed by using a VariableSet element (which is of type
Variablg¢SetType).

The valye of @variable may be used in an expression by using a VariableValue element (w

of type

360

WhileActionGroupType

gvaluate the BooleanExpression. If the BooleanExpression evaluates to true, exe
RlanElement.

Repeat evaluating and executing as long as the BooleanExpression evaluates to tr
The first time the BooleanExpression evaluates to falsesreturn.

Plan Variables

nsists of

cute the

Lie.

S never

nent will
5sion to

and

e

nich is

ariableValueType).
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9 QIF Resources information model

9.1 Foreword

The Quality Information Framework (QIF) was developed by computer scientists and domain
experts from the manufacturing quality community representing a wide variety of industries and
guality measurement needs. Specifically for the QIF Resources work, past and current contributors
include:

oneywell Federal Manufacturing & Technology
ockheed Martin

anufacturing Technology Centre

etrosage LLC

itutoyo America Corporation

ational Institute of Standards and Technology
ikon Metrology

rigin International, Inc.

olls-Royce plc

niversity of North Carolina, Charlotte

This clayse was written by the QIF Resources Working Group;'and given final approval for ANSI
review hy the DMSC’s Quality Measurement Standards (QMS) Committee.

Version [3.0 of QIFResources has minor changes from version 2.1. The most notable changgs are
the addifion of the LaserRadarType of instrument,the additional derived types CaliperDialType and
CaliperDigitalType from the CaliperType, and:the additional derived types MicrometerAnalogType
and MicfometerDigitalType from the MicrometerType. These derived types are added to sugport
QIFRulgs for DME selection.

9.2 Introduction
The Quality Information Framework (QIF) consists of a suite of information models that fit info one of
two fungtional categories, QIF)Library or QIF Applications. The QIF achieves system wide
interoperability by desigpating a set of information models as part of a QIF Library. The QIF|Library
informatjon models are common, reusable components. A QIF application area information [model
represeits a unique-application area, one of QIF model based definition (i.e., QIF Product),
measurgment resources (i.e., QIF Resources), measurement plans (i.e., QIF Plans), measufement
rules (i.¢., QIFE-Rules), measurement results (i.e., QIF Results), and measurement statistics (i.e.,
QIF Statistics). Because the QIF library components are referenced throughout the comprehensive
QIF information model, It ensures interoperability and extensibilily between any data producer and
consumer that implements the QIF formats within their software.

An essential part of any dimensional measurement planning process is an adequate description of
the measurement devices, tools, and auxiliary equipment available for possible application to the
measurement task at hand. The measurement planner will then have the information necessary to
make appropriate selections of measurement facilities for the inspection task at hand.

The QIF Resources clause is intended to supply a uniformly detailed set of this information. In
addition to obviously required information, such as dimensional measuring equipment (DME)
nomenclature, the clause describes everything sufficient to support high-level decisions about DME
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capabilities and applicability, including description, location, and characterization of the DME
capabilities. Examples of pertinent information are: achievable accuracy, measurement speed,
workpiece size and mass capacity, etc. Additionally, historical information, such as calibration
history and maintenance records, may be useful to downstream processes to establish
measurement traceability and validity. Finally, information about associated auxiliary equipment
(e.g. sensors, fixtures, etc.) may be required to determine fitness of the DME system for a particular
measurement task.

9.3 Scope

This clagse-spec ffies-the-dese tpt i i HAERS fofatHm i
sufficient for use in generating a high level measurement plan for product certification, aecceptance,
or any other common application of dimensional measurement data.

9.3.1 Contents of this clause

This clatise defines an information model for a portion of the QIF manufacturing-gquality information
model designated QIF Resources. As described in Clause 5, an XML datafile conforming tolan
XML schema model is called an instance file. The root of every QIF instange file is a QIFDo¢ument,
but diffefent QIF instance files may focus on different QIF applications.*A QIFDocument containing a
Resourdes element may be regarded as a QIF Resources instance’file.

As applicable, this clause covers the following topics:
e peneral descriptive information,

sensors and sensor hardware,

5ystem calibration,

system performance tests,

vorkpiece capacity,

jeometric characteristics, and

mechanical characteristics.

The information model consists of definitions for data types, elements, the logical relationships

between them, and the semantics of the quality information. The information model, defined|using
the XML Schema definition language (XSDL), is scoped to be a digital data exchange mechanism
that can|be easily incorporated in application software developed by commercial solution vendors
that implement manufacturing quality systems.

XSDL also supports'the definition of rules and checks for validation of QIF instance files.

The QIHMeasurementResources.xsd schema file defines the top level information model for|
resources,‘QIF Resources also draws from elements in the QIFLibrary. The types and relatipnships
it i in a insta ile a ) way in
which data is formatted for QIF Resources instance files is prescribed by the rules of XML and the
rules for how instance files conform to schema files. All QIF XML schema files are a normative part
of the QIF standard and can be downloaded at www.qgifstandards.org.

9.4 QIF Resources Requirements
The specific technical requirements of QIF Resources are twofold:

® Describe various measurement resource entities and systems

e Provide the necessary data structures sufficient to support measurement planning and
measurement results (particularly QIF Plans and QIF Results)
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9.5 The QIF Resources data model

9.5.1 QIF Resources Instance Data

QIF Resources instance data is contained in a MeasurementResources element. This data will be

found within a QIFDocument node, and may be the only contents of the QIF Document (making the
QIF instance file a purely QIF Resources instance file), or it may sibling to QIF MBD, QIF Plans, QIF
Results, etc. elements.

MeasurementResources is of type MeasurementResourcesType as shown in Figure 217.

 type |EXturesType !
6.4 D S o) £ it
ThaxMionzl Fotures

vzt is 2 list of foqures,

MeasurementResources

type | MeasurementResourcesType

DetachableSensors :

'
'
'
win |
"5
'

Figure 217 — QIF Resources instance data high level view

This type contains Version information (identification and traceability information specific to QIF
Resources QIF instance file data) and Fixture information.

MeasurementRooms is an optional list of rooms in which measurements may be made.
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MeasurementDevices will contain all elements that are derived from MeasurementDevicesType.
These include manual devices, CMMs, CT, laser trackers, etc. and is discussed in subclause 9.5.3:
Measurement Devices.

The next 2 elements, DetachableSensors and Tools, provide the mechanisms by which all
SensorType derived items will be ultimately be attached to a Measurement Device. SensorType

types are measurement resources which are mounted on MeasurementDeviceType types in order
to carry out a measurement. So for example, a tactile probe mounted on a CMM is an example of a
SensorType mounted on a MeasurementDeviceType.

DetachableSensors are where one can place DetachableSensorBaseType derived items
are Sensors that are physically independent units that can be added and removed fromralgi
measurgment device.

Tools afe where one can place ToolBaseType derived items, all of which fall either into the
category ToolWithDetachableSensorsType or ToolWithintegratedSensorType.
ToolWithDetachableSensors has an element where one can specify the-detachable sensg

are mo
that has

For an €
items al

9.5.2 MeasurementResourceBaseType

This is t

represemt measurement equipment of any type-will be derived from this.

The MeasurementResourceBaseType iswhere many of the standard characteristics of an

measuré
Mass, S

There ig
data wit
these usg
may inc
unigquen
by the in

Below, i

nted onto the tool. An instance of ToolWithIintegratedSensorType is a special typg
a SensorType-derived item physically integrated into it.

interact, see subclause 9.5.4;: CMM.

ne base class for many of the types in QIFMeasurementResources.xsd. All types wh

ement device can be found, including a Name, Description, Manufacturer, Model Nu
ze, and Location.

also an Attributes element which allows the user to specify various types of user d
nin this type, while stillvalidating to the schema. (It is important to note, however, tha
er-defined Attributes presents serious issues in terms of interoperability). The Attrib
ude a persistént ID, which can either be in the form of a QIF-recommended QPId (e

nplementer).

which
en

r(s) that
of tool

xample of how MeasurementDeviceType items, TogelBaseType items, and SensorType
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mber,

efined
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Pss), or in the form of a non-standard ID string (the uniqueness of which must be enforced

from Mée
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n Figure 218, Figure 219, and Figure 220 is an inheritance diagram for the types deTved
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Figure 218 — MeasurementResourceBaseType

derived type inheritance diagram
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Vi
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Figure 219 — MeasurementResourceBaseType

derived type inheritance diagram: sensor

close-up
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Figyre 220 — MeasurementResourceBaseType derived type inheritance diagram: tool|with
integrated sensor close-up
9.5.3 easuremment Devices
A Measlirement Device in QIF Resources is defined as a piece of measurement equipment that is
directly ' ' ice] since it

is directly manipulated by an end user, but the sensor which is attached to it is not considered a
Measurement Device, since that is an instrument used by the CMM, and only indirectly used by the
end user.

Measurement Devices are described by using MeasurementDeviceType.
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Figure 221 — MeasurementDeviceTlype overview

DN to the elements inherited from MeasurementResourceBaseType, the

ementDeviceType provides a Calibration element and an EnvironmentalRange ¢

y speaking, while this type is not declared as abstract, it is preferred that derived tyy

e the remainder of this subclause),

Manual Devices

lement.

es be

nualMeasurementDeviceType is used mainly for the purposes of derivation of the following

CaliperType

Althouglh the ManualMeasurementDeviceType is not declared abstract, it is recommended
this typq be)used only if none of its derived types adequately describe the intended device.

icrometerType
ageDeviceType
ineBarType

9.5.3.1.1 CaliperType

To describe a caliper, this type should be used. Aside from the inherited elements from its base
classes, all elements of this type are optional.

9.5.3.1.2 MicrometerType

that

To describe a micrometer, this type should be used. Aside from the inherited elements from its base
classes, all elements of this type are optional.

9.5.3.1.3 GageDeviceType

368
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To describe a gage, this type should be used. Although this type provides no additional elements
beyond the elements of its base classes, it does convey the fact that a gage is being described, as
opposed to a generic “measurement device”.

9.5.3.1.4 SineBarType

To describe a sine bar, this type should be used. Aside from the inherited elements from its base
classes, all elements of this type are optional.

9.5.3.2 Universal Devices

H LD H H PR H TR Y H Il P &l Yt H (H'H .
A Unlve >dl JEVILT IS5 Ad TTITSASUTTITITTIL UTVILE WIHILTT Typitally Satlslics UIT TUNUWITTY CUTTUTLIVUTID.

not a manual device

has a working volume

has an effective working volume
has a resolution.

AIthougT the UniversalDeviceType is not declared abstract, it is recommended that this type be
used only if none of its derived types adequately describe the intended:device.

The Regolution element is optional and can be one of many different resolution types. See
subclausge 9.5.7 for more information about the available resalution types.

The WofkingVolume element is optional and can be onezef many different working volume fypes.
See subclause 9.5.8 for more information about the available working volume types.

The EffectiveWorkingVolume element is optional'and can be one of many different effectiyje
working [volume types. See subclause 9.5.8 for:more information about the available effectiv
working [volume types.

42

The TemperatureCompensation element is an optional element that is used to specify the ftype of
tempergture compensation that the universal device uses. This can be a
TemperptureCompensationEnumType, or a custom string by using
OtherTemperatureCompensation. The OtherTemperatureCompensation element should only
be used|if none of the enunrvalues in TemperatureCompensationEnumType adequately express
the temperature compensation of the device.

9.5.3.2.1 CMMType
This type is addressed in subclause 9.5.4.

9.5.3.2.7 Thcudu”tcTypc
The TheodoliteType is derived from UniversalDeviceType and represents a theodolite. In addition

to the elements from its base classes, it provides a number of optional elements for describing the
theodolite.

9.5.3.2.3 UniversalLengthMeasuringType

The UniversalLengthMeasuringMachineType is derived from UniversalDeviceType and
represents a universal length measuring machine. In addition to the elements from its base classes,
it provides a number of optional elements for describing the universal length measuring machine.

9.5.3.2.4 ComputedTomographyType
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The ComputedTomographyType is derived from UniversalDeviceType and represents a

computed tomography measuring machine. In addition to the elements from its base classes, it

provides a number of optional elements for describing the computed tomography measuring
machine.

9.5.3.2.5 OpticalComparatorType

The OpticalComparatorType is derived from UniversalDeviceType and represents a profile

projector. In addition to the elements from its base classes, it provides a number of optional
elements for describing the profile projector.

9.5.3.2.6 MicroscopeType

The MicroscopeType is derived from UniversalDeviceType and represents a microscope.
addition|to the elements from its base classes, it provides a number of optional elements for
describing the microscope.

9.5.3.2.7 AutocollimatorType

The AutocollimatorType is derived from UniversalDeviceType and represents an autocoll
In additipn to the elements from its base classes, it provides a number of optional elements
describing the autocollimator.

9.5.3.2.8 LaserTrackerType

The LagerTrackerType is derived from UniversalDeviceType and represents a laser track
addition|to the elements from its base classes, it provides a number of optional elements for
describing the laser tracker.

9.5.3.2.9 LaserRadarType

The LaderRadarType is derived from WUnjversalDeviceType and represents a laser radar. |n

addition|to the elements from its base ‘classes, it provides a number of optional elements for
describing the laser radar.

9.5.4 Coordinate Measuring‘Machine (CMM)

There afe various typesf*CMM designs that are supported by QIF Resources. These are all

derived from CMMType! An inheritance diagram for the CMMType types can be seen in Fig

mator.
or

Br. In

ure 222.
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CMMType
Cartesian LightPen ParallelLink AA
CMMType CMMType CMMType CMMType
Multiple
Carriage
Cartesian
CMMType
Figure 222 — CMM type inheritance diagram
Althouglh CMMType is not abstract, it not recommended that it be used unless none of its d¢rived
types dgscribe the particular CMM in question.
For single carriage Cartesian CMMs, the CartesianCmmType sheuld be used. The
MultiplgCarriageCartesianCMMType is meant for more complex’ CMMs with multiple carriages.
Cartesign CMM types make use of the MeasurementDeviceScaleType to describe the scales of
the CMII.
9541 CMM Accuracy Tests
Each CMM accuracy test, addressed in the two._subclauses below, is accompanied by an
EnvironmentalRangeType which indicates;the range of conditions under which the accuragy test is
valid.
There is|also an AccuracySourcetelement which is represented by an AccuracySourceTyjpe type.
This element is meant to indicate,whether the accuracy test values originated from the equipment
manufagturer, or from a customrtest of some type.
9.5.4.1.1 Cartesian CNMIM Accuracy Tests
There afe various methods for specifying Cartesian CMM accuracy tests. These types are applied
via the dqubstitution group CartesianCMMAccuracyTest. The available types are:
o (CartesianCMMFPSTest
o (CartesianCMMB89Test
e CartesianCMMISO10360Test
e CartesianCMMPointAccuracyTest

9.5.4.1.2 Articulating Arm CMM Accuracy Tests

There are various methods for specifying AA CMM accuracy tests. These types are applied via the
substitution group AACMMAccuracyTest. The available types are:

©IS

AACMMB89Test
AACMMISO10360Test
AACMMPointAccuracyTest
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9.5.4.2 CMM Speeds

The CMMSpeedsType substitution group is used to specify CMM speeds for Cartesian CMMs and
Parallel Link CMMs. There are two types of CMM speed types:

e CartesianCMMSpeedsType
e ParallelLinkCMMSpeedsType

9.5.4.3 CMM Geometry Types

There are various types of CMM geometries that can be described using QIF Resources. Images of
these C

Column

Fixed Table Moving Table Fixed Table Moving Table
Cantilever Arm Cantilever Arm Horizontal Arm Horizontal Arm

G
A

Moving Ram Gantry
Horizontal Arm

Figure 223 — Cartesian CMM geometry types

The CMM geametries depicted in Figure 223 correspond to the following enumeration valueg
defined |n-the type CartesianCMMGeometryEnumType:

FIXED_BRIDGE

MOVING_BRIDGE
L_SHAPED_BRIDGE

COLUMN
FIXED_TABLE_CANTILEVER_ARM
MOVING_TABLE_CANTILEVER_ARM
FIXED_TABLE_HORIZONTAL_ARM
MOVING_TABLE_HORIZONTAL_ARM
MOVING_RAM_HORIZONTAL_ARM
GANTRY
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If none of the values listed above correctly describe the CMM in question, then the
OtherCartesianCMMGeometry string value element can be used.

955 Sensors and Tools

Sensors and tools are MeasurementResourceBaseType-derived types which exist in order to be
mounted on a UniversalDeviceType-derived resource. For example, a tactile probe (a sensor) can
be mounted on a CMM (a universal device).

9.55.1 Detachable vs Integrated Sensors

There aretwowaysinmwhich-sensorsand-tootscaninteractwithrariversatbeviceType-derived
resource.

Universal Device
(e.g., CMM)

Tool

Sensor

Figure 224 — Method 1 for mounting a sensor on a universal device

The firsttmethod is depicted in Figure 224. AcToolBaseType, specifically, a type derived from
ToolWithDetachableSensorsType, isimounted onto a UniversalDeviceType-derived resoprce.

Then, a|SensorType-derived resource.is mounted onto the Tool. This method should be usged when
the tool |s a separate physical entity~-from the sensor device.

In caseq when the sensor ishysically integrated with the tool, then the second method should be
used. This can be used, asdepicted in Figure 225, below.

Universal Device
(e.g., CMM)

'—'\: Integrated Sensor

Figure 225 — Method 2 for mounting a sensor on a universal device

For this situation, QIF Resources provides a special set of tools with integrated resources. These
are the types that are derived from the abstract type ToolWithintegratedSensorType. The sensor
elements which are found on the ToolWithintegratedSensorType-derived types are the
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SensorType-derived measurement resources, which means that this method and the first method
described above are both capable of carrying the same sensor data.

9.5.5.2 Sensor Types

This subclause will address the types of sensors that are available in QIF Resources. Each sensor
and its corresponding tool-integrated sensor will be addressed simultaneously, since they are so
similar. (See subclause 9.5.5.1 for more information on tools and sensors).

There are various types of sensors which are supported by QIF Resources.

Below if a listing of the sensors:

inear Variable Differential Transformer Sensor:
inearVariableDifferential TransformerSensorType and ToolWithLVDTSensorType
apacitive Sensor: CapacitiveSensorType and ToolWithCapacitiveSensorType
ddy Current Sensor: EddyCurrentSensorType and ToolWithEddyCurrentSensof[Type
onfocal Chromatic Sensor: ConfocalChromaticSensorType and
oolWithConfocalChromaticSensorType

raw Wire Sensor: DrawWireSensorType and ToolWithDrawWireSensorType
agneto Inductive Sensor: MagnetolnductiveSensorType‘and
oolWithMagnetolnductiveSensorType

ifferential Variable Reluctance Transducer Sensor:
ifferentialVariableReluctanceTransducerSensorType and ToolWithDVRTSensprType
aser Triangulation Sensor: LaserTriangulationSensorType and
oolWithLaserTriangulationSensorType

tructured Light Sensor: StructuredLightSensorType and
oolWithStructuredLightSensorType

Itrasonic Sensor: UltrasonicSensorType and ToolWithUItrasonicSensorType
imple Tactile Probe Sensor: SimpleTactileProbeSensorType and
oolWithSimpleTactileProbeSensorType

omplex Tactile Probe Senser:*ComplexTactileProbeSensorType and
oolWithComplexTactileProbeSensorType

harge Coupled Device. Camera Sensor: ChargeCoupledDeviceCameraSensorTylpe and
oolWithCCDCametaSensorType

9.5.5.2.

There afe 2 touch trigger sensor types available in QIF Resources: the Simple Tactile Probe Sensor
and the Complex Tactile Probe Sensor.

Touch Trigger-sensors

The Simple“Tactile Probe Sensor is meant to represent a single tip with no articulation. The types
for this dimple probe are SimpleTactileProbeSensorType and
ToolWithSimpleTactileProbeSensorType.

The Complex Tactile Probe Sensor is meant to represent a tactile probing system that does not fall
into the category of Simple Tactile Probe Sensor. This could include a sensor tip that is capable of
articulation in some way, or a multiple stylus tipped probing system.

When a Complex Tactile Probe System is used, a measurement point item or actual can reference
a specific tip on that probe. This is done by using referencing the ProbeTipType. This type is found
under the LocatedTips element of the complex probe.
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9.5.6 Rotary Table

The RotaryTableType represents a rotary table. It can be attached to a CartesianCMMType or to
a ComputedTomographyType via their RotaryTable element.

9.5.7 Resolution Types

There are various methods for characterizing the resolution of a measurement device. These types
are used for UniversalDeviceType, and are applied via a substitution group. The available types
are:

inear Resolution: LinearResolutionType
pherical Resolution: SphericalResolutionType
ser Defined Resolution: UserDefinedResolutionType

9.5.8 orking Volumes

There afe various methods for characterizing the working volume and effectiye working volume of a
measurgment device.

For any [given machine geometry, there is the WorkingVolumeBaseType and the
EffectiveWorkingVolumeBaseType, each of which is characterized by different XML typed,.

WorkingVolumeBaseType and EffectiveWorkingVolumeBaseType are used for all
UniversfalDeviceType-derived types, and are applied viad@ substitution group. The working polume
types arg used for some sensors as well.

e Cartesian Working Volume: CartesianWorkingVolumeType and
FffectiveCartesianWorkingVolumeType

e (losed Shell Set Working Volume: ClosedShellSetWorkingVolumeType and
FffectiveClosedShellSetWorkingVolumeType

e Cylindrical Working Volume:«CylindricalWorkingVolumeType and
fFffectiveCylindricalWorkingVolumeType

e $pherical Working Volume: SphericalWorkingVolumeType and
FffectiveSphericalWorkingVolumeType

. ser Defined Working Volume: UserDefinedWorkingVolumeType and
fFffectiveUserbefinedWorkingVolumeType

9.5.9 Axis Types

The axig types-are used for characterizing the type of axis that is referenced by the
UserDefinedResolutionType and UserDefinedWorkingVolumeType. It is applied via a
substitution’group.

There are two types of axis types:

e Linear Axis: LinearAxisType
o Rotary Axis: RotaryAxisType

9.5.10 Environmental Data

The EnvironmentalRangeType is used by MeasurementDeviceType, SensorType, and
MeasurementDeviceAccuracyBaseType to describe a range of environmental parameters
(temperature, air pressure, humidity, vibration, etc.).
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In the case of the MeasurementDeviceType and SensorType, the EnvironmentalRangeType is
used to describe the acceptable range of environmental conditions for measurement.

In the case of the MeasurementDeviceAccuracyBaseType, the EnvironmentalRangeType is
used to describe the acceptable range of environmental conditions for the given accuracy
statement.

9.5.11 Calibrations
The CalibrationType is used by MeasurementDeviceType to characterize calibrations that have

taken p|:r~n on-the given measurement device

9.5.12 LMeasurementRoomType
The MeasurementRoomType describes an environmentally controlled room in which
measurgments may be done. It provides for controls on temperature and humidity:
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10 QIF Rules information model
10.1 Introduction

10.1.1 Why

In an attempt to encourage uniformity in measurement strategies across a large corporation or
supply chain, a common approach is to distribute a set of measurement rules (sometimes called
measurement templates). This will give the Coordinate Measuring Machine (CMM) (or any other

Dimensiprmat Measurerment Equipment {DIVE)) inspection progranT Creator a guigetine for

implemgnting programs that conform to best organizational practices.

Using the QIF Rules model, any organization can build a file conforming to the model and
containing a set of rules meant to give a dimensional measurement process planner, CMM
programmer, or CMM software package a set of standard practices regardind:

¢ how individual features of a product should be measured based on.selected criteria [such
s applicable characteristics, tolerances, feature geometry type,\feature size, datumj etc.)
And/or measurement requirements (such as uncertainty, setupy'and environment)
e how measurement resources should be selected, based endsimilar criteria plus part pnd
DME parameters.

Benefits| of using rules are reduced uncertainty, consistent planning, and planning automatign. The
QIF Rulés model does not propose any specific set of rulés. It only provides a format for rulgs files
in order fthat sets of rules may be exchanged easily and unambiguously.

10.1.2 What
Rules mlay be made for the following items on a per feature basis:
e the number or density of CMM.hit’points to use

he pattern in which the CMM hit points should be distributed (point sampling strateg
¢ the feature fitting algorithm_to use.

—t
~—

Rules mlay be made for DME-selection on a per feature basis or more broadly.

A QIF Ryles instance {ile-will consist of a set of rules, each of which normally contains an “if| part
that is a|“Boolean €ondition” and a corresponding “then” part that specifies what action is allowed or
required if the “if* part is true. A Boolean Condition is a statement which can be unambiguously
evaluatdd asrue or false. For example: “Joe’s car is red” would evaluate to “true” if and only if the
color of Jee’s car is red. Any given Boolean Condition may have one or more corresponding|actions
that shouldbetakermdepending o the vatue of the Booteam ConditiomForexampte;if“Joe’s car is
red” evaluates to true, the corresponding action may be requested: “Borrow Joe’s car.” QIF Rules
simply consists of a set of Boolean Conditions pertaining to the feature, characteristic, or part in
guestion, and a set of measurement-related actions that should be carried out depending on these
conditions.

The QIFRules.xsd schema file defines the top level information model for rules. QIF Rules also
draws from elements in the QIF Library, particularly those in the GenericExpressions.xsd and
Expressions.xsd schema files. For DME selection, QIF Rules references types defined in
QIFMeasurementResources.xsd.
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A QIFDocument containing a Rules element may be regarded as a QIF Rules instance file. It is
anticipated that typically, a QIF Rules file will contain no other application and will not contain items

such as

features, characteristics, and traceability that are not required for stating rules.

Using a QIF Rules file during planning, however, will require using other information items such as

features

and characteristics.

The measurement rules described in this clause are not an attempt to give DME programmers a
precise set of instructions regarding how to carry out any given measurement on a given part. Such
a detailed set of instructions would be transmitted using QIF Plans.

10.1.3 |

QIF rule
rules filg
a well-d
develop
model d
isupto

parties i

The par
intended
applicat
cover al

The modglel does not attempt to ensure that a set of rules conforming to the model will even K

consiste
(possibly
expecte
anything
desired
adding fi

The part

How

s files are intended to be used during measurement planning. QIF specifies-the’mog
. The rules files themselves are written by any QIF user who wants to put'a Set of ru
bfined, formal, standard format. Although examples of rules files have-been built dur
ment, QIF does not require or recommend any particular set of rulesy Using the QIF
pes not guarantee or even imply that a given set of rules is usable_or even makes se
he organization writing the rules to see to that. It is intended that there be three mai
nvolved in the use of rules:

h person or group that writes the rules

A person or group that decides how the rules are to'be applied

A person or software system that uses the rulescuring process planning or DME
brogramming.

y writing the QIF Rules instance file should decide at the outset in what way the rulg

to be used. If a QIF Rules instance file'is to be used in an automatic process plann
on or an automatic DME programming system, it will be necessary to write enough f
the decisions that the software-may be required to make. This is expected to be dif

nt, let alone complete. Jf the intent of writing the QIF Rules instance file is to encode

existing) set of naturaltanguage rules in a formal way, the job of the rules writers ig
1 to be more straightforward. However, since natural language may be used to say ¢
, it is possible that the QIF Rules model will not be sufficiently expressive to state sd
Fules. It is thexintent of the DMSC that future versions of the rules model be improve
Linctionalitycthat is found by users to be needed.

y deciding how the rules will be used may be the same one that wrote the rules or it

a manag

el of a
les into
ng QIF
rules
nse; it
H

s are
ng
ules to
icult.

e

a

nImost

me
1 by

may be

eryprocess planner, or DME programmer. The most lax decision would be to use th

e rules

merely as suggestions. Another possibility is to require that the rules be followed, but where there
are alternatives that are all allowed by the rules, use the desirability values in the rules only as
suggestions, and let the person or software using the rules decide among the alternatives. A third
possibility is to require that the rule user use the given desirability values to find and select the most
desirable alternative.

The party using the rules during process planning or DME programming will presumably follow the
organization’s rules for how a set of rules modeled using QIF will be applied. Applying the rules will
be a non-trivial undertaking. If this party is a software application, a great deal of functionality will
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need to be programmed into it. If this party is a person, some form of translation from the QIF rules
instance file into an easily understandable form will be needed.

10.1.4 Changes from QIF 2.1

As compared with version 2.1 of QIFRules published as ANSI/QIF Part 6—2015, this version of QIF
Rules contains a major addition. That is a model of rules for selecting dimensional metrology
equipment (DME). There was no such model in previous versions of QIF. Most of the formal DME
selection rules model is contained in the QIFRules.xsd schema file. Minor additions and
improvements needed by the DME selection rules model were made in other schema files

E H a0 el H A Y=l Wi +D PAAY
( XpreS TUTTS. ASU, TUTTICTICLAPYTITOOIUTIS, AllU WIT'IVITASUTTITITTINTOUUTUT 5. A0U ).

10.2

Design principles of QIF Rules

This suljclause gives an overview of the QIF Rules information model.

10.2.1 $tructure of a Rule

A QIF rles file consists of a set of rules, each of which (usually) has a “Beelean Condition”
statement which can be unambiguously evaluated as true or false) and always has a corres
action, gs in the following pseudocode model:

1f (“"Boolean Condition”) then

{

Corresponding “action”

}

For example, if “the feature is a cylinder” evaluates o true, the corresponding action may be
requestgd: “measure 13 points”.

If the Bdolean Condition is omitted, the actjon-always applies.

The follgwing Boolean Conditions are supported by QIF Rules:

haracteristic Type (is equal to a given characteristic type)
eature Type (is equal to‘a given feature type)
hape class (part shape class is equal to one of prismatic, thin walled, etc.)
Ip feature a datum?
Is feature internal?
ser defined-Sampling Category (compared to a given value)
oolean-expressions using the Boolean constants True and False and the Boolear
peratets BooleanEqual, And, Or, and Not.
rithmetic comparisons that yield a Boolean result: ArithmeticEqual, GreaterT]

a
ponding

nan,

Less1hnan, Greatervrrgual, and LesSsUrndual.

The arithmetic comparisons act on arithmetic expressions, which include:

arithmetic constants

arithmetic operations Negate, Plus, Minus, Times, DividedBy, Max, Min
parameters (numerical elements or attributes) of characteristics, features, parts, and
characteristic tolerances

feature size, area, or length

DMEs

The actions available for rules differ between feature rules and DME selection rules. Also, the two
types of rule have differing structure, as described in the following subclauses.
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The rules are to be evaluated in an environment in which the SamplingCategory has been set to
some positive integer so that the SamplingCategorylsType Boolean expression can be evaluated.
For example, the values 1 and 2 might represent first article inspection and process
control, or the values 1 through 4 might represent Low, MEDIUM, HIGH, and SUPER, respectively.

10.2.2 Feature Rules
For features, the following actions can be triggered by the above Boolean Condition:

Number of measurement points

ant nol

Here is

For feat
“else” st
“ifflelse i

Here is

greater than 10 units of area. If it is, then a minimum of 25 points is required. Otherwise (“els

minimur

FPoint sampling strategy (taken from 1SO-14406:2010)
Feature fitting algorithm to use

dloaciiroam amnt-dancibvy
e ST et PO T atriony

hn example in pseudocode:

f (FeatureType is Cylinder) then
{

Number of Points = 64

ires, this if/then clause could optionally be followed by a series of “else if” and finally
htement. These “else if” and “else” statements are medeled after the commonly see
/else” statements found in applications of computer science.

h simple example in XML. In this example, we test whether the surface area of the fe

h of 10 points is required.

MaxFeatureRules n="2">
<IfThenSurfaceRule>
<GreaterThan>
<FeatureAred/>
<ArithmegicConstant val="10"/>
</GreaterThan>
<ThenBoints>
<MitnPoints>25</MinPoints>
</ThénPoints>
</TfThenSurfaceRule>
<Flse>

an

—

bature is
eu)1 a

ThenPoints
<MinPoints>10</MinPoints>
</ThenPoints>
</Else>

</MaxFeatureRules>

When a rule is applied to a feature, if more than one characteristic applies to the feature, and a
condition uses a characteristic type test, the condition should be tested for each characteristic
applied to the feature.
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Since measurement points are taken on Features (not Characteristics), there may often arise a
situation where two or more conflicting Rules may apply to a given Feature. When this is the case,
the Rule with the higher number of points should be used. If this happens when two sampling
strategies are specified, then it is up to the evaluating system to make the appropriate decision.
(Exception: the IfThenElseFeatureRulesType; see subclause 10.4.2.1.)

10.2.3 DME Selection Rules
The DME selection rules model is designed to allow the rule writer to write a wide range of types of

rule. A DME selection rule m

greater

maching whose QIF ID is 1234 must be used”.

DME se

e require using a particular DME or any of a set of DMEs

DME se
conform
planner

set of agceptable alternatives from which the planner may.choose. Where a rule set leaves

alternati
can be 1

Specifyi
respons
might be

d
o (
d

In a QIF

é
e prohibit using a particular DME or any of a set of DMEs.

“

han 3.2, and the characteristic is diameter, then the cartesian coordinate measuring

ection rules can be used to:

juthorize (but not require) using a particular DME or any of a set off DMEs

ection rules are intended to be used during measurementfplanning. A set of rules
ng to the model may be written so as to leave the plannerwith no choice (useful if t
s an automated system). A rule set may also be written so as to provide the planne

pes, the desirability of each alternative may be.spéecified as a number, so that the ch
nade algorithmically if that is what the planner:(or the planner’s organization) wishes

ng the set of DMESs to which the rules_apply during a measurement planning session
bility of the organization in which measurement planning is taking place. For examp
any of (but is not limited to):

 list of DMEs on hand

ommercially available meastrement equipment, e.g., equipment found in a catalog
| QIF measurement resources file.

<DMEDecisigonRule>

<DMEThRen n="1">
<BPMEDecisionClass>

<MustNot />

ay be very general, such as, “A caliper must not be used”, or it may be
very spgetfie;stichras; refeatureisinternat—and-the-featureisa—cylinder—and-thediame

eris

with a

oice
to do.

is the
e, it

instance file, the rale-above that has no “If” part and prohibits the use of a caliper wpuld be:

<DMEClassName>CALIPER</DMEClassName>

</DMEDecisionClass>
</DMEThen>
</DMEDecisionRule>

And the complex rule requiring the coordinate measuring machine with QIF id 1234 would be:

<DMEDecisionRule>

<And n="4">
<FeatureTypels val="CYLINDER"/>
<FeatureIsInternal/>
<CharacteristicIs val="DIAMETER"/>
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<GreaterThan>
<ArithmeticFeatureParameter>
<Parameter>Diameter</Parameter>
</ArithmeticFeatureParameter>
<ArithmeticConstant val="3.2"/>
</GreaterThan>
</And>
<DMEThen n="1">
<DMEDecisionId>

Ve
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10.4.1 ¢

4
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<DMEId>1234</DMEId>
</DMEDecisionId>
</DMEThen>
/DMEDecisionRule>

DIF Rules schema files

Rules schema model includes the information items from the QIFRules.xsd schemg
bral of the schema files from the QIF Library. As with other QIE components, the QIF
files are incorporated into the model by a chain of “include’ directives starting in the
s.xsd schema file. The following QIF Library schema files are required:
EXpressions.xsd

ntermediatesPMI.xsd

PrimitivesPMI.xsd

Jnits.xsd

benericExpressions.xsd

Primitives.xsd.

DIF Rules elements and data types
clause describes the majarelements and types in the QIF Rules model.

DIF Rules top level

L file
F Library

' 1
= Rufestinits 5

'
-4 FeatureRules

------------- "
o o !

-+ DMESelectionRules

re==mey==d-

Figure 226 — Rules element and QIFRulesType

The top-level data object under QIFDocument in a QIF Rules instance file is a Rules element of
type QIFRulesType, as shown in Figure 226. The Rules element contains an optional set of rules
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for features in its FeatureRules element and an optional set of rules for selecting dimensional
measurement equipment (DMES) in the DMESelectionRules element.

10.4.2 Feature Rules

The FeatureRules element shown in Figure 226 is of type FeatureRulesType, as shown in Figure
227.

-E.

.........................

Figure 227 — FeatureRules element and FeatureRulesType

The FegtureRulesType models a collection of sets of rules for selécting quality measurement
items. Gurrently it contains a complete model of rules for selecting-any or all of the following|for a
given feature:

he quantity (number or density) of hit points
e the strategy for selecting hit points

g feature fitting algorithm.

—t

As shown in Figure 227, the FeatureRulesType provides two methods of making selectiong,
IfThenE|seFeatureRules and MaxFeatureRules. Either method or both methods may be uged. If
the IfThenElseFeatureRules and MaxEeatUreRules are both used for quantity of points, bgth sets
of rules ghould be applied and the greatest value should be used. Also, if both are used and|they
give different point sampling strategies or feature fitting algorithms, the evaluating system may use
any of those strategies or algorithms.

Since a pgiven feature F may-be associated with zero to many characteristics C1 ... Cn, if theye is
any chafacteristic assaciated with F, the rules should be evaluated for each FCi pair, and th¢
number or density of hit/points to use for F should be set to the maximum value.

If a numper of hit\points must be compared with a density of hit points, the evaluating system should
find and|use the area of the feature to convert density values to numbers of points.

Numerlcal Auantitiac that ara canctante faatiira naramatarc Ar charantaricts
g oartte Sttt ar c—CorS re P et ToT o Tharatteh ot

[4p]

narametarc md4 be
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used in conditions.

The numerical quantities, FeatureSize, FeatureLength and FeatureArea, may also be used in
conditions. The evaluating system must set the value of FeatureLength for the feature being
processed if FeatureLength is used in any condition. The evaluating system must set the value of
FeatureArea for the feature being processed if FeatureArea is used in any condition.

The rules are not intended for picking the quantity of points or the point sampling strategy to use for
measuring a characteristic that is not associated with any feature.
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10.4.2.1 IfThenElseFeatureRulesType

The IfThenElseFeatureRulesType is a set of rules for selecting (1) the number or density of hit
points for a single feature, possibly with an associated characteristic and/or (2) a strategy for
selecting the points. To evaluate an IfThenElseFeatureRulesType, each IfThenFeatureRule
should be considered in order until the 'if part of one of them evaluates to true, at which point the
'then' part of the rule should be evaluated and the value of the point quantity and/or point sampling
strategy returned. In this case, the remainder of the IfThenFeatureRules should be ignored. If the
'if' part of no IfThenFeatureRule evaluates to true, then the 'then' part of the Else should be
evaluated and returned.

Below i an example of an IfThenElseFeatureRulesType rule.

<IfTHenElseFeatureRules n="3">
<IffThenCylinderRule>
ThenPoints>
<NumberOfPoints>23</NumberOfPoints>
/ThenPoints>
</1fThenCylinderRule>
<IffThenCircularArcRule>
ThenPoints>
<PointDensity>0.8</PointDensity>
/ThenPoints>
</1fThenCircularArcRule>
<Else>
ThenPoints>
<MinPoints>13</MinPoints>
/ThenPoints>
</Hlse>
</IfThenElseFeatureRules>

In this exkample, we first test if the E€ature is a cylinder. If so, then we request 23 points and|have
completed the IfThenElseFeatureRulesType rule. Otherwise, we test if the Feature is an afc. If it
is, then e request a point density of 0.8 (with the exact placement of points to be calculated by the
evaluating system). If the Feature was a circular arc, then we are finished evaluating. Otherwise, we
fall into the “Else” staterment: a minimum of 13 points.

10.4.2.2 MaxFeatureRulesType

The MaxFeatureRulesType is a set of rules for selecting (1) the number or density of hit pojnts for
a single(feature, possibly with an associated characteristic and/or (2) a point sampling strategy for
the points:-To evaluate a MaxFeatureRulesType, keep track of a current answer for point guantity,
which is initially set to zero. Each IfThenFeatureRule should be considered in order. If the 'if' part of
a rule evaluates to true, the 'then’' part of the rule should be evaluated and if that value is greater
than the current answer, the current answer should be set to that value. If the 'if' part of no
IfThenFeatureRule evaluates to true, so that the current answer is still zero after all
IfThenFeatureRules have been processed, then the 'then' part of the Else should be evaluated and
the current answer set to that value. The returned value for point quantity is the final value of the
current answer. In addition to keeping track of the current answer for point quantity, the evaluating
system should collect all the strategies and feature fitting algorithms from the 'then’ parts that were
evaluated.
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Below is an example of the MaxFeatureRulesType rule.

<MaxFeatureRules n="3">
<IfThenSurfaceRule name="FirstRule”>
<GreaterThan>
<FeatureArea/>
<ArithmeticConstant val="2"/>
</GreaterThan>
<ThenPoints>
<MinPoints>4</MinPoints>
ThenPoints
</JfThenSurfaceRule>

<IffThenSurfaceRule name="SecondRule”>
And n="2">
<CharacteristicIs val="SURFACEPROFILE"/>
<LessThan>
<ArithmeticCharacteristicParameter>
<CharacteristicTypeEnum>SURFACEPROFILE</CharacteristicTypeEnum
<Parameter>ToleranceValue</Parameter>
</ArithmeticCharacteristicParameter>
<ArithmeticConstant val="0.010"/>
</LessThan>
/And>
ThenPoints>
<MinPointDensity>0.2</MinPointDensity>
/ThenPoints>
</JfThenSurfaceRule>
<Else>
ThenPoints>
<MinPoints>3</MinPoints>
/ThenPoints>
</Hlse>
</MajFeatureRules>

In this ekample, we must.evaluate all rules to see which evaluate to true. There are 2 rules in this
examplg: the IfThenSurfaceRule named “FirstrRule” and the IfThenSurfaceRule named
“secondRrule”. Ther&lis also an “Else” statement, to be executed only in the event that no rules
apply to|the Feature/Characteristic being evaluated.

In many|cases, only the “FirstrRule” or “secondrule” will evaluate to true. In this case, the
correspd nrling ThenPoints-statement should be executed

However, if the Feature/Characteristic happens to be on a surface of greater than 2 units of area
AND is a surface profile tolerance with a tolerance value of less than 0.010 units, then both of the
rules evaluate true. If this is the case, then the evaluating system must determine which of the rules
would apply more points to the surface, and choose that rule.

Additional examples of feature rules are provided in the Rules section of the informative
samplelnstanceFiles distributed with the QIF XML schema files.
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10.4.3 DME Selection Rules

The DMESelectionRules element shown in Figure 228 is of type DMESelectionRulesType. That
type has a set of DMEDecisionRule elements, a required attribute, n, giving the number of rules,
and an optional attribute defaultDesirability. The defaultDesirability is used as the value of
desirability if no explicit value is provided in a rule.
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Figure 228 — DMESelectionRules element and DMESelectionRulesType

n in Figure 228, each DMEDecisionRule element is of type If ThenDMERuleType,
of:

In optional attribute that is athame for the rule

In optional UUID elementthat is a universally unique identifier for the rule

In optional BooleanExpression element and

| required DMEThen.element.

les are being€valuated, the DMEThen part of the rule applies if either the
Expression{evaluates to true or is omitted.The types of Boolean expression suppo
el are described in subclause 10.2.1.

which

rted by
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10.4.3.1 DMEThen
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Figure 229 — DMEThen element and-DMEThenType

Figure 229 shows the DMEThen element and the DMEThenType. The element is the “Then” part of
a rule and is of type DMEThenType. The type names one element, DMEDecision, but that plement
is of an fabstract type, so one of the three elements; DMEDecisionClass, DMEDecisionld, or
DMEDe¢isionMakeModel from its substitution‘group must be used in its place. Note also that
multiple lelements may be used, as given by attribute n. That enables a single DMEThen to specify
several PMEs, such as a particular combination of CMM, tool, and probe tip.

10.4.3.21 DMEDecisionClass
The DMEDecisionClass element and DMEDecisionClassType are shown in Figure 230.
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Figure 230 — DMEDecisionClass element and DMEDecisionClassType

Using a|DMEDecisionClass element indicatesithat any member of the DME class whose [name is
given in the DMEClassName element may be selected or ruled out, provided it meets any constraints
given in the optional ParameterConstraints element. If the Applicability is May or Must, the
planning system that is using the rules is‘expected to select one or more DMEs that are in the class
and satisfy the constraints.

The absfract DMEDecisionBaseType (not shown in the figure) has only one element, an
Applicability which is of thelabstract ApplicabilityType. In an instance file the Applicabilit
element/must be replaced\by an element in its substitution group, namely one of:

¢ 3 May elementof-QIFMayType
e g Must element of QIFMustType

g4 MustNet\element of QIFMustNotType

<

“Must” mpeanscthat a member of the class must be selected.

“MustNot™means that a member of the class must Not be selected.

“‘May” means that a member of the class may be selected, but does not require that a member of the
class be selected.

The QIFMustType and the QIFMustNotType do not have any elements or attributes, but the
QIFMayType has an optional desirability attribute of ZeroToOneType (a double value in range
[0..1]). If no value for the desirability attribute is provided, the value is the defaultDesirablity given
in the DMESelectionRulesType, if that is provided, or 1 if not. The desirability value (which is set
by the author of the rules) is intended to help compare choices during DME selection. The way in
which the desirability value is to be used is not specified by QIF, but is left to the planner and the
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planner’s organization. It might, for example, be advisory (it would be a good idea to select a more
desirable DME), prescriptive (you must select the most desirable choice), or ignored.

The DMEClassName element of the DMEDecisionClassType is the name of a DME class. Its value
is one of the names given in the DMEClassNameEnumType.

The optional ParameterConstraints element of the DMEDecisionClassType is a set of constraints
on parameters of the class. A member of the specified class must satisfy the parameter constraints

in order
DMEPa

to be included in set of identified DMEs. Each constraint is of type
rameterConstraintType.

The DMEParameterConstraintType has ParameterName, Comparison, and
ArithmdticExpression elements. For a DME to satisfy a constraint, the named parameter of the

DME myst satisfy the enumerated comparison with the evaluated arithmetic expression."The

parame
DMEDe

r name must be the name of a parameter of the class of DMEs named in the

CALIPER, the parameter is LinearResolution, the comparison is LESS, and the arithmetic

express
than) O.

It will oft

constrai

Here is
“Guide”

on is 0.01, then the resolution of a caliper being considered must e)less than (i.e.,
1.

nt. Using parameter constraints can help avoid a proliferation of rules.

mentioned earlier, page 25, table 5. The English language version of the rule is: “If

size is lgss than 5 mm and tolerance is greater than orequal to 0.100 mm, then an analog

microme

conside

ed must not be an internal feature.

DMEDecisionRule>
<And n="3">
<Not><FeatureIsIntexnal/></Not>
<LessThan>
<FeatureSize/>
<ArithmetidConstant val="5.0"/>
</LessThan
<GreaterOrEqual>
<ArithméeticCharacteristicParameter>
<Parameter>Tolerance</Parameter>
</BrithmeticCharacteristicParameter>
<ArithmeticConstant val="0.100"/>
%/GreaterOrEqual>
<}And>

DPDMET . a1 n
P s s I e o S e T

en be possible to represent a constraint on a DME either aS-arule or as a parametef

hn example of a DME selection rule using the May element. It is from the Rolls-Royge

cisionClass in which the constraint is found. For example if the the DME)¢class namg is

petter

feature

ter may be used”. The rule modeled below adds the requirement that the feature bging

10.4.3.3

<DMEDecisionClass>
<May desirability="1"/>
<DMEClassName>ANALOG MICROMETER</DMEClassName>
</DMEDecisionClass>
</DMEThen>
</DMEDecisionRule>

DMEDecisionld

The DMEDecisionld element and DMEDecisionldType are shown in Figure 231.
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Figure 231 — DMEDecisionld element and DMEDecisionldType
The DMEDecisionld element indicates a specific DME with*a QIF Id. The value of the DME|d
element|must be the QIF id of a DME found in the MeasurementResources section of a
QIFDocument. The QIFDocument with the measurement resource could be in the same fil

one confaining the rules, but is expected more usually to be in a separate file.

The meanings of the elements that may be substituted for Applicability are the same as for

DMEDe

10.4.3.4

The DM
Figure 2
number

cisionClassType described in subclause 10.4.3.2.

DMEDecisionMakeModel

EDecisionMakeModel element is of type DMEDecisionMakeModelType and is S
32. This element indicates a DME identified by its make and model. Optionally,
may be given.

b as the

the

hown in
a serial
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Figure 232 — DMEDecisionMakeModel element
[EDecisionMakeModelType has required Manufacturer and ModelNumber eleménts and
hal SerialNumber element (so thata specific instance of a DME may be chosen evgen if it is
bsented in a QIF resources file).
The meanings of the elements thatymay be substituted for Applicability are the same as for the
cisionClassType described in subclause 10.4.3.2.
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11 QIF Results information model

11.1 Foreword

The Quality Information Framework (QIF) information model was developed by domain experts from
the manufacturing quality (that is metrology) community representing a wide variety of industries
and quality measurement needs. Specifically for the QIF Results work, past and current contributors
include:

o apvithe,te:
. oneywell Federal Manufacturing & Technologies
e lockheed Martin
anufacturing Technology Centre
o etrosage
e Mitutoyo America
e National Institute of Standards and Technology
Drigin International Inc.
o UWniversity of North Carolina, Charlotte

[ ]
o

The bulk of the work on this clause was performed by the QIF'Results Working Group, revisgd as
needed fand approved by the Quality Information Framewaork (QIF) Working Group, and given final
approval for ANSI balloting by the DMSC’s Quality Measurement Standards (QMS) Committee. QIF
version B.0 is solely a product of the DMSC and itscgommittees and working groups.

11.2 Introduction
Part insppection is carried out by a measurement execution activity, whose functionality is typically to
interpref machine-level measurement plans, give equipment level commands to specific
dimensipnal measuring equipment (BME) control units, collect point data, fit features to the ¢ata,
and output feature and characteristic data. Measurement execution can also include softwane
solution$ that issue instructions'to human operators using calipers, go/no-go gages, and specialized
inspectipn equipment to generate results data. Once the machine-level measurement plans jare

executefl, the measurement data, either raw data or pre-processed data, is collected, reported, and
analyzegl. The QIF Results specification provides a vendor-neutral format for the data. Software

solution$ that suppert QIF, by either writing or reading QIF files, can exchange manufacturing
guality data efficiently and accurately.

11.3 $cope

11.3.1 Workflow of QIF Results data for manufacturing quality

Clause 5 describes an example of enterprise quality information workflow that employs QIF
modeled information at all interfaces. Figure 233 shows an example of quality workflow that uses
only QIF Results data, in order to focus on the QIF Results information model.

In this example, upstream processes generate a set of part-specific inspection requirements. A
common example is the set of characteristics and requirements data of a First Article Inspection
Report (FAIR) conforming to the AS9102B: Aerospace First Article Inspection Requirement
standard. The Program the Measurement activity takes knowledge of actual inspection resources by
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capability and availability, assigns resources to the plan, and generates a program or set of
inspection instructions suitable to the resource chosen. The execution program may be in
ANSI/DMIS 105.3-2016 format or any other proprietary format, including non-digital information like
instructions to human operators using calipers, go/no-go gauges, or other specialized inspection
equipment. The QIF information model has been harmonized with ANSI/DMIS 105.3-2016 to
support all data that may be defined in a DMIS program.

The Execute Measurement Program activity shown in Figure 233, inspects the part or assembly by
executing the program and generates results formatted according to the QIF Results component of
QIF. Fina

Report Quality Data activity. Results of a single part mspectron as weII as the statrstrcal analysis of
groups of parts, can provide feedback to upstream processes such as product manufagturing and
guality gngineering.
v
O
p)
Analyze and
. : Plan the
QIF Library
Report Qu.alrty Measurement
Information X
= <::> ) )
QiF w, Part
Q'F - o3 Measurement
Result Requirements,
Execute the ' Programthe - Plans
Measurement Measurement
Progragy ?:
' / MIS
| or other
=) Q\ f DME-
specific
= rogram
| O °
-
N7,
oY
Figure 233 — Example of QIF Results information flow.

11.3.2 Design guidelines for the QIF Results information model
The QIF Results information model is designed to satisfy the following functional requirements:
e express results of dimensional inspection according to the principles of ASME GD&T and 1ISO

GPS, and support data required to fully express the intent and results of inspection programs
written in the DMIS language.

e support inspection traceability of quality data, meaning that inspection results data can be

identified with the factory resources used to inspect the part, including equipment, software,
and people.
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e support information needed by downstream processes, e.g., First Article Inspection Report
(FAIR) generation, statistical process control, and other computer aided quality solutions.

e support a quality data workflow that is digital model-based or document/drawing-based.

11.4 The QIFResults.xsd schema file

11.4.1 High level structure of the QIF Results schema

This subclause describes the highest level elements of the QIF Results information model. The QIF
Results schema model includes the information items from the QIFResults.xsd schema file.gnd
several pf the schema files in the QIF Library. The QIF Library files are incorporated into.the
schema|by a chain of "include" directives starting in the QIFResults.xsd schema file.

The Regults element, shown in Figure 234, which is of type ResultsType, is thehighest level
element|of the QIF Results model. Elements in the figure with + signs at the.right (all of thenp) have
substrugture that is not shown in the figure. Most substructure is defineddn;the QIF Library files.

An XML|instance file written in conformance with the QIFDocument.xsd and QIFResults.xsd
schemalfiles may contain one Results element.

ResultsType

MeasurementResults Set

type | MeasurementResulisSetType

type | MeasurementResultsType |

|
|
MeasurementResults F%] ‘
|
\

'ActuaIComponentSet s
type [ ActualComponentSetType i

1.»

constraints

=
p-
e ‘
[+
o
= ‘
3
3 ‘
a
-
w
[1/]
bt
1 w
< ‘
>
@

Figure 234 — The Results element

The elements of Results are:
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