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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

This document aims at describing mechanical connections or joints related to mechanical systems or

structures. The demand for such a standard has grown from the observation that modern product
management (PLM) systems, while working well with part information (e.g. geometry, material,

lifestyle
weight),

are lacking a consistent handling of logical and process related connection information (e.g. parts being

connected, orientation of point connections, assembly process parameter).

PLM workstreams need to include connection data to automate development processes and enable seamless
data flows between engineering functions. xMCF is intended to be the “language” that is understood and

used by the various tools to exchange connection data along the development chain.

The initjal motivation to develop this document came from the automotive industry (see AmJex C for

backgrofind and context on this document). However, there is no element in this documeng that
to this ipdustry. It is clearly targeted to support virtual development processes for mechanieal sy
structures in any industrial area.

One desfign goal of yMCF is to support the widest possible range of development’and manuf
processds. This makes it very likely that xMCF and STEP (ISO 10303-242),[1] will be-tised together.
investigates how this can be done in a way that benefits both standards.

Regardlgss of the respective industrial domain, complex technical systéems (e.g. vehicles, plang
typically consist of thousands of individual parts which are assembled by joints. Depending on the
materialls and the manufacturing processes, a wide range of joining types are used within an iq
technica] structure or system. Typical connection types are welds{bplt connections, adhesives, rive
etc. Effidient and reliable data management of such connection data is not only required for the actu
and verification process [computer-aided design (CAD) and computer-aided engineering (CAE)], bu
manufadturing planning and even cost estimation. Various.design, material and manufacturing paf
are requfired to be managed for each connection.

Details fpr connections or joints grow and mature along the development process. At different devg
stages (d.g. concept phase, detailed design, verification, manufacturing planning) and engineering f
(e.g. CAD}, CAE, manufacturing), data will be added and consumed. Therefore, a database for connec
is required. But also, the software tools adding-or extracting data need to understand the data strug
use a cojnmon description language. xMCF,\defined in this document, serves as this language.

The advpntages are evident. Integrating dedicated connection data into the PLM structure and
commorn| language (xMCF) for datavexchange avoids data conversions or re-generations and, t
decreasgs inconsistencies and flaws during system development.
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Publicly Available Specification ISO/PAS 8329:2024(en)

Extended master connection file (Y{MCF) — Description of
mechanical connections and joints in structural systems

1 Scope

This dogumre specites—M lated to

jons or joints in mechanical systems or structures.

The folldqwing is within the scope of this document:

— desdription and explanation of XML definitions for logical or process related data orother progerties of
a copnection.

The follqwing aspects are outside the scope of this document:
— geothetry of fasteners or other parts,
— handling of YMCF data in

— product data management (PDM) systems,

— Ppubscriber data management (SDM) systems, and

— pther data management systems.

2 Normative references

There ane no normative references in this document.

3 Terms and definitions
No terms and definitions are listed in this document.
ISO and |EC maintain terminglogy databases for use in standardization at the following addresses:

— ISO Pnline browsingplatform: available at https://www.iso.org/obp,

— IEC Electropedijdi«available at https://www.electropedia.org/.

4 Dedign principles and basic features of xYMCF

4.1 General

The Extended Master Connection File (xMCF) is a container for connection information of complex
structures. A complex structure consists of individual parts which are joined together. Connections establish
a topology between the parts. Therefore, a database or container designed to gather connection information
should be equipped with data structures which reflect this topology between the parts.

xMCEF is intended to define an industry standard for the exchange of connection data between different CAx
tools (e.g. CAD, CAE, CAM, CAT) along development process steps. Design principles for xMCF are required
to keep the standard as lean as possible on one hand, but also enable use case dependent extensions.

Subclause 4.2 explains the design principles and basic features of yMCF.

© IS0 2024 - All rights reserved
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Design principles

The design of xMCF is guided by the following principles:

a)

D)

XMCF should be able to completely and unambiguously describe all relevant connections/joints that
are in use in the automotive or other industries. Amongst others, this includes spot welds, seam welds,

rivets, adhesives.

xMCF should be able to address all kinds of CAx processes.

XxMCF contains only information relevant for connections. Hierarchical product structures, assembly
sequences part varlants etc. are not the sub]ect of XMCF Such klnd of 1nformat10n needs different

«
a

codgs. This pr1n01ple prov1des the flex1b111ty to use XMCF in any development process Varlant est
at different companies.

xM(JF has to be flexible and easy to extend to any future joint types and applications;
XM is based on the industry standard extensible markup language (XML).[2]
Connection data in xMCF must be unique.

The [content of yMCF data may be incomplete to a certain extent. This addresses the fact that ne
credted continuously and needs to be stored throughout the course of\CAx processes, without
its vessel.

mple part

ablished

v data is
hanging

xMCF follows the max-min principle. It contains information as\much as necessary and, at the sajme time,

as liftle as possible.

xMCF shall enable the reconstruction of connections.-at any certain stage of the involved pjrocesses

witHout loss of data or risk of ambiguities.
Datd in xMCF format shall be kept compact. Elements shall be reused, whenever possible.

xM(JF offers containers which can be assigned to any certain connector, to a collection of conn
ever] to the complete file. This allows incorporation of software or usage specific data before or
standardization.

pctors or
without

xMCF forms a good candidate for.long-term archival of connection data due to its simplicity and

extendibility.

XML had been selected as a foundation since it is by itself an industry standard and human readaple. XML

facilitatds efficient data structures which describe the connection topology of such complex struct
automoliles or planes.

4.3

Different typessofjoints have different characteristics. They can differ from each other by their geg
shapes, mechanical properties like strengths for different loadings, manufacturing processes etc.

T 11 Lo e ot caaiaadl oo oL oot ¥ irxaalificatian adidaglizat: oo ra oo a1l
O allowrerertecentaeser TP TTOTT OT JUTITCS, SUTITC ST PTT TICa T O S a o T C AT Za croTrSar e s sar y- 1 1rc

Idpalization-of joints

ures like

metrical

pproach

chosen by xMCF is to classify joints by their most basic and mandatory attribute, namely its geometrical
dimensions. Thus, there are 0-, 1- and 2-dimensional joints in xMCF.

Figure 1 — Seam weld as 1-dimensional joint

© IS0 2024 - All rights reserved
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A spotweld is treated as a 0-dimensional joint in x\MCF. In this way, a (an idealized) spot weld is geometrically
described by its coordinate vector x and its diameter d as an additional attribute. Besides spot welds, there
are more joints which can be treated as 0-dimensional.

A seam weld is a typical representative of 1-dimensional joints, see Figure 1 above. It is characterized by a
curve describing its spatial course and additional parameters (attributes) determining the sectional shape
perpendicular to the curve.

Similarly, adhesive joints can be modelled as 2-dimensional surfaces.

4.4 Reconstruction of joints from yMCF

The recdnstruction of joints from yMCF is an important use case. It is crucial that it is possible to rec

onstruct

any joint in its idealized form uniquely by means of the introduced parameters and attributés,’Tn case of
a spot weld, a unique reconstruction is possible by the coordinate vector x and the diameter d, [plus the

sheet thicknesses which by themselves are not a constituent of x\MCF (recall xMCF containsanly infq
relevant|to joints), but of the corresponding CAD or CAE model.

4.5 Description of topology

rmation

As mentjoned before, a complex structure arises by connection of parts and stbystructures (assemblies). The

connections introduce a topology between the individual components. The'following example (see |
demonsfrates the way how xMCF facilitates description of such topology:

Figure 2)

— Part] (or Assembly) A is joined to Part B by the seam weld 1.along the curve l; and the spot jwelds at

positions x;, and

— Part|(or Assembly) A is connected to Part C by the adhesive’AD in the area A, etc.

parts

deam weld 1

spot welds
adhesive

Figure 2 — Topological relations between parts and assemblies

This kind of topology is represented in xMCF by the element <connection group/>. A <connection group/>
comprises all joints which connect the same parts (or assemblies).

Frequently, more than two parts are joined. A spot weld can, for instance, join three sheets, a screw even
more. Such situations are covered, too.

© IS0 2024 - All rights reserved
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According to design principle c), overall product structure cannot be reproduced from yMCF. For example,
any of the product structures shown in Figure 3 would equally fit to Figure 2:

Complete model Complete model Complete model Complete model

ola

Ass. A&B Ass. A&C | [B]

4] 8]

NOTE

4.6 XMCF in the development processes )

A typica
construg
manufag
comes fT
only be §
be guarg

Figure 3 — Product structures fitting to previous figure ‘l,b‘
Q

-

This list of four product structures shown in Figure 3 is not exhaustive. (19 :

®

development process is a long chain involving many (maybe overla Ssingle steps, e.d
tion, prototyping, simulation, testing, production planning (se; ure 4). Depending

turer considered, information of connections and joints arises a rent stages of the pro
om different parties (see Figure 5). An efficient handling and énagement of this inform4
ruaranteed by a (common) database/container which contaQs e information uniquely. T
nteed by using yMCF.

. design,
t on the
cess and
tion can
his shall

LW N

design, construction
engineering
production planning
xMCEF.

Figure 5 — xMCF as a platform for connection data in the complete development process

© IS0 2024 - All rights reserved
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A careful look at Figure 5 provides understanding on how the work with yMCF in a real process can be
organized: xMCF is a structured set which can be divided into several overlapping subsets. Each subset
contains a part of connection information which is of interest for a certain party, for instance simulation or
planning. The intersection of all subsets contains information which is of interest for all the parties involved,
e.g. coordinates and flange partners.

As mentioned before, the information contained in yMCF is not necessarily complete, at least not at
an early stage of the development process. Rather its content grows while the process is advancing.
Defining the individual joint and filling up the container thus builds up a continuous process. As shown in
Figure 5, connection information can be created by any of the involved parties (e.g. design, construction,
engineering, planning). The common situation is that each party contributes part of the information (e.g.
geometrical, technological) defining a specific joint. Merging of the partial information leads to the complete
charactdrization of the joint. Therefore, yMCF is an ideal tool to enable this dynamic process since filling up
XxMCF m¢ans merging information.

Figure 5|also illustrates that connection information (full or partial) is available to all involved parties once
it is defined and stored in yMCF. Thus, unnecessary duplication of effort is avoided autematically. Typically,
different teams work in different environments using different software tools. Providédall involved|systems
support fMCF, translation of data from one format to another will not be necessary-anymore. This ill save
development cost and avoid loss of data caused by the translation.

Information contained in xMCF can be used to automate many tasks ina development process |and will
thereforg facilitate efficiency gains:

— Autgmatic CAE model assembly
Most FE preprocessors can mesh parts automatically in bateh-meshing mode. An automategd model
assembly can be realized by the connection information contained in yMCF.

— Autgmatic Programming of Welding Robots
Basg¢d on yMCF, welding robots can be programmed,dutomatically.

An essenjtial feature of xMCF is that it contains only information relevant to the joints. No data are [included
which afe dependent on a specific development-process. Therefore, x\MCF can be implemented [into any
development process. Depending on the application, it is possible to use xMCF as a stand-alone database or
integrat¢ yMCF into an even more comprehensive database.

5 Keywords of XML specification

5.1 Keywords

Asin any XML file, the carriéer of information in an xMCF file is an element which can be equipped wijith some
attribute¢s and child elenients. Elements and attributes are defined by their names (identifiers) arld values
(informgtion).

By the XIML standard, values assumed by elements can be distinguished by their types, e.g. boolepn, float,
double, dtring;.date. The same applies to attributes. The user can determine how elements and attribputes are
iofial; required or prohibited). If declared necessary, the frequency of occurrence of elemgnts with
a given jame (number of siblings of identical names) can be restricted. In the XML schema, this is §pecified
by the attributes minoccurs and maxoccurs.

In accordance with the XML Schema Definition Language version 1.1 Part 2 the following keywords are used
in the current document to characterize the elements and attributes:

— Type,
— Value space,
— Default,

— Use,

© IS0 2024 - All rights reserved
5


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

NOTE 1

ISO/PAS 8329:2024(en)

Multiplicity (corresponds to the attributes minoccurs and maxoccurs of the element <xs:element/> of the
XML schema),

Restrictions (corresponds to the element restriction of XML schema).

Up to now, only versions 1.0[2] and 1.1[3] of XML exist, where 1.1 is not widely used. Therefore, mos

tsystems

still create XML 1.0 files (for differences between both versions see http://www.w3.org/TR/xml11/#sec-xml11).

The type of the value of an element or attribute is specified by the key-word Type. The numerical ID of a
property (attribute pid) of a <part/> element for instance is an integer, which is a built-in type of XML
standard.

Exampl

NOTE 2

Howevel
the ID (4
attributg
or an ex]
and 1,0 i

Some eld
default v

In this d
which d
geometr
as “[-.$#
is difficd
Fortunat
Arabic, (

The key
frequenc
minOccul
restricti

XS:

XS

XS

XS

XS:

XS

XS

s for the most common types in XML are:

g

bl

f

g

tring,
ecimal,
nteger,
loat,
oolean,
ate,
ime.
The maximum number of decimal digits you can specify is.18.

, only positive integers are usually used in this context. This means that the possible ¥
ype integer) have to be restricted. To specify the values which are allowed for an eleme
, the key-word Value space is used. The Value\space can be given as an enumeration (a fi
plicitly defined set. For example, a positive:integer is symbolized by > 0 whereas a float bet
5 given by [0,0, 1,0], according to mathematical notation.

ments and attributes obtain default\walues if they are not explicitly specified in the yMCF
alues to be adopted are defined by the keyword pefault.

ocument, the special type_“alphanumeric” is frequently used for labels of parts and ass
pserves a careful discussion: In the CAD world, a label is synonymous with the name of
ic object etc. Not only létters “[A-Za-z]”, but also numbers “[0-9]” and other special charact
+]” and more are usé€d)for labels. Sometimes, the first character is restricted to “[A-Za-z]”

ely, when usingXML'’s “encoding” attribute, even non-ASCII characters can be handled e{

ralues of
nt or an
hite set),
ween 0,0

file. The

emblies,
A part, a
ers such
Thus, it

It to give an exact-definition for the type “alphanumeric” which would fit to the individjial need.

sily, e.g.

word use specifies, whether an element or an attribute is optional, required or prohib
y of the*occurrence of an element or attribute is defined by Multiplicity, that is in t
s £ Multiplicity < maxOccurs. By convention, when use is optional, minoccurs is 0. Any a

hinese, Cyrillic, Greek, Hebrew. Nevertheless, labels should not start or end with white spare.

ted. The
he form:
Hditional

bis)imposed on an element, or an attribute are specified by the key-word restrictions.

As explained above, the individual use of some elements or attributes may be optional. But some of them
must be coherent (thus redundant in certain sense). For instance, the 1abe1, numerical ID of a property (p1D),
and alphanumerical name of a property (pname) of a part or an assembly represent the same part (except for
e.g. tailored blanks) and one can use one or the other or both to identify a part.

© IS0 2024 - All rights reserved
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6 Parts, properties and assemblies

6.1 General

XMCF describes how parts, properties and assemblies are connected by joints in a pre-defined way.
Therefore, a clear understanding is needed about what a part, property or assembly is, in our context.

6.2 Parts

6.2.1 General

Parts ar
which fqg
involved,

Typically
Parts ca
Parts ca

Parts ca
A door i
etc. The

Therefoy
cycle fre

Ifapart
of its sul

6.2.2

A partis
to ditto
location

We assu

NOTE
in a humg
consists
human re

6.2.3

Instance
their ing

rm a certain product. This nomenclature allows communications between all stakehold
processes.

7, it is assumed that parts do not disintegrate into several physical compounds.
h be instantiated at different locations of a product, e.g. wheels in a car.
N be mirrored on a symmetry plane of the model, e.g. front doors of a car.

1 contain other parts (sub-parts): A car, for example, is made of body in white, power train, d
made of an outer sheet, an inner sheet, a window with its mechanics, some crash reinfoj
mechanics of a window are made of some guiding rails, an eléctric motor and so on.

e, in the sense of graph theory, parts form a tree (if théir instances are considered) or a
e graph. Parts without sub-parts are called the “leaves®of this tree or graph.

s mentioned in a list, not only its own content (e.g-finite elements) is addressed, but also all
-parts and their children, down to the lowest level (leaves) of the part graph.

Part labels

uniquely identified by its label, up td-ditto-parts. Connectors within a connection group t
barts shall be able to “detect” thexeorrect” part instance according to their respective geg

me that mirror parts have-ether part labels than their “base” parts.
In most CAx processes, parts have two string attributes: One label describing the name and usagg
nreadable form, and-another one used for indexing this item in the OEM’s “part store”. The latter ond

f only a few charaeters (e.g. some 8 to 12), resembles more to a number than to a name, and theref
adable. In our context, the term “part label” refers to the latter one.

Part instances

s of parts, also known as ditto-parts, typically have the same label as their “base” parts

> logical groupings of 3D objects. Their objective is to provide a general nomenclature of.the pieces

brs of all

oors etc.
cements

lirected,

contents

hat refer
metrical

of a part

typically
bre, is not

. Stating
location.

tance makes such parts uniquely distinguishable, without resort to their geometrical

o mant 1o oot glace oo

Stating

niactanca b oo o
I ITIITOoLtAIICC VVILIIUUL d }Iul IO lll\'ulllllsl\'dd' IITUVVO VI,

6.3 Properties

In CAE, properties are a concept for assigning physical behaviour to several finite elements. Therefore, any
finite element can have at most one property. However, frequently there are elements without such properties
(e.g. RBEs, masses). In most solvers, properties are uniquely identified by positive integers, so-called property
IDs or short: p1ps. Some other solvers identify properties by an alphanumerical name, short pnarme.

Even if finite elements of different parts have the same physical behaviour (e.g. left and right wing of a car),
they usually have assigned different properties. This can be seen as a reminiscence to ancient times when
parts had not been invented and properties were also used for administrative purposes.
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However, for xMCF, properties are just alternative, non-recursive means for addressing collections of
elements.

One specific part often consists of one specific property, only. However, there are important exceptions:

— A tailored blank is a metal sheet which consists of several pieces of simple sheets joined together. The
thicknesses and the materials of the individual sheets may both differ. Nevertheless, a tailored blank is
one single part from the xMCF point of view. Since one property would not provide an identifier for the
complete part, the part label must be used, or else an assembly of several properties.

— Sometimes, a cast part can be represented with finite element (FE) shell element formulation in its thin

area

s, whereas solid elements (with different properties) are used in other areas.

— Due
orig

— 0Occq
CAE

6.4 Ag

In many
leaves of

Howevel

do not need to have any special relation respective to the part graphy The opposite is true: yMCF-as

address
address

On the o
these pr
physical

Even if {
properti

Figure 6 — Seam weld crossing tailored blank versus seam weld crossing physical gaj

nally homogeneous sheet metal, requiring several properties for a correct simulation:

sionally, CAD parts containing several subparts with their properties are aggregated to o
part, consequently still containing several properties.

semblies

CAx systems, parts containing sub-parts are called assemblies. The fiotion distinguishes th
the part tree or graph.

, in xMCF, an assembly is considered a set of parts, denoted by their part labels or propert

situations where specifying a single property would not address enough, a high-level pa
way too many elements and medium-size parts would-hot make the job.

Lher hand, this does not happen too often. For examiple, if a seam weld crosses property boy
pperties usually belong to the same tailored blank, therefore, the same part. If there wg

tailored blank two distinct properties

property Aroperty C

seam weld

propetrty B property B

property A | propérty C

here is a gap, due to geometrical proximity and usual assembly processes, it is very lil
s A and‘C belong to the same part, just one level above, even if there is a gap in part of the

7 File

to stamping processes for example, physical behaviour and thickness can vary even wilthin one

he single

em from

es. They
semblies
rt would

indaries,
uld be a

gap between the properties, welding would*be applied to a single sheet across this gap, which
causes new questions to the welding process, as depicted in Figure 6:

-

kely that
sraph.

structure of YMCF

7.1 General

As mentioned, xMCF is built upon XML. This eases xMCF to offer a clear logical structure.

The root/document element of YMCF must be named <xmcf/>. The root element may contain the following

types of

child elements:

a) Comments following the usual XML standard; therefore, not further discussed here,

b) Elements containing general information,
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c) Groups of connection specific elements <connection group/> of arbitrary number,
d) Element <appdata/> containing specific data for individual applications,

e) Element <femdata/> containing finite element specific data.
7.2 Elements containing general information

7.2.1 General

XMCF has the following elements for general information:

- date/> optional,
_ version/> mandatory,
_ units/> optional.

The rootff element <xmcf/> contains the following nested elemenths shown in Table %

Table 1 — Nested elements of element <xmcf(>

Nested elements Multiplicity Use Constraint / Remarks
date 1 Optional -
version 1 Required -
ynits 1 Optional -
alppdata 1-* Optional See'7.3.2
femdata 1-* Optional See 7.3.3
cpnnection_group ¥ Optional See 7.4
7.2.2 Date

The elenfent <date/> of the format “yyyy-mm+dd” specifies the date on which the file was created. It follows
the ISO §601 series.[]

EXAMPLE

<?xml|version="1.0" encoding="UTF-8" 2>
<xmcf |xmlns:xsi="https:/(/Www.w3.0rg/2001/XMLSchema-instance"
xsi:n¢dNamespaceSchemallogation="xmcf 3 1 1.xsd">

<date> 2023-04-13.X/date>

<yersion> 3.1.1\¢/version>

<fnits lengtliz™m" angle="rad" mass="kg" force="N" time="gs"/>

</xmcf>

7.2.3 Time

The element <time/> of the format “hh:mm:ssthh:mm” specifies the time on which the file was created. It
follows the I1SO 8601 series [4].

Time element may exist only if date element exists.
EXAMPLE

<?xml version="1.0" encoding="UTF-8" 2>
<xmcf xmlns:xsi="https://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemaLocation="xmcf 3 1 1.xsd">

<date> 2023-04-13 </date>

<time> 15:34:05-01:00 </time>

<version> 3.1.1 </version>

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

1SO/PAS 8329:2024(en)
<units length="mm" angle="rad" mass="kg" force="N" time="s"/>
</xmé£;
7.2.4 Version

The code of the xMCF standard version on which the current file is based is specified by the element
<version/>.

The version code of xMCF files following this document is version 3.1.1.

EXAMPLE

<?xml [version="1.0" encoding="UTF-8" ?>
<xmcf |[xmlns:xsi="https://www.w3.0rg/2001/XMLSchema-instance"
xsi:n¢dNamespaceSchemaLocation="xmcf 3 1 1.xsd">

<flate> 2023-04-13 </date>

<time> 15:34:05-01:00 </time>

<yersion> 3.1.1 </version>

<fnits length="mm" angle="rad" mass="kg" force="N" time="s"/>

</xmcf>

7.2.5 Unit system

The unit|system used by xMCF is based on the International System of Units (SI)[3] and is representg¢d by the
element kunits/>. Both the base and the derived units are supportedyincluding decimal prefixes.

Following non-SI units are allowed (in addition): Length [in] and [ft]; Mass [1b], see Reference [6].
No units|need to be specified for dimensionless physical quantities, e.g. friction coefficients.

The XMIl-specification of <units/>is shown in Table 2:

Table 2 — XML-specification of <units/>

Attributle Use Value space Default
length Optional “mm”N'm”, “in”, “ft" “mm”
angle Optional “deg”, “rad” "deg”
mass Optional “g”, “kg”, “t”, “Ib” “kg”
force Optional “kN”, “N” “N”
time Optional “s”, “min”, “h” “s”
torque Optiomal “Nm” “Nm”
angular_gpeed Optienal “rad/s”, “Hz”, “kHz”, “rpm” “Hz”
EXAMPLE

<?xml |versten="1.0" encoding="UTF-8" 2>
<xmcf |xpIRs:xsi="https://www.w3.0rg/2001/XMLSchema-instance"
xsi:n¢NamespaceSchemalLocation="xmcf 3 1 1.xsd">

<date> 2023-04-13 </date>

<version> 3.1.1 </version>

<units length="mm" angle="rad" mass="kg" force="N" time="s"/>

</xmé£;
7.3 Application, user and process specific data

7.3.1 General
The user/application software can store additional information into a xMCF file. In this way, flexibility is

created that allows easy integration of YMCF into an existing development process.
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The current xYMCF definition allows two such data elements:

— <appdata/>
Contents must be documented by the corresponding application or user. It is not an official part of the

xMCF standard.

— <femdata/>
Contents must be documented in FATXMLIZIl and therefore does not need to be described here.

7.3.2 User specific data <appdata/>

<appdata/> is suitable for any user/application specific information and can be placed on root level

(directly]

<connect

group/> element.

<appdat

<MEDINA

Content jof <appdata/> is regarded to be “private property” of the correspondifig application. Hoy
terms of|best practices, the following is recommended, but not required:

— to place application specific elements into a separate namespace;

— topf

The usel

same time (inducted e.g. by a certain new emerging connecting method) but describe it in their o

schemas|

In this situation, a preprocessor does not have any chahce to detect these equivalent parameters. T]

it cannotf

EXAMPLE1 <appdata/> for MEDINA at root leyel

<?xml
<xmcf
xmlns
xsi:s
xsi:n

<

<yersion> 3.1.1 </vérsion>

within <xmcf/> element) and/or within any single connector (elements <connecti
ion_1d/>, and <connection 2d/>). Additionally, it can be placed directly under the <cony

n_0d/>,
ection

/> shall contain at least one nested element named after the application or user-that is ntended
to interpgret the data. In examples A and B, the associated application is MEDINA, socthe nested element is

>,

ovide an XML schema for its content.

vever, in

shall be aware that different systems are likely to introduce the same physical parameter at the

with different element/attribute names.

prevent contradictions between different«appdata/> blocks of the same yMCF file.

version="1.0" encoding="is0-88€89-1" standalone="no"?>
xmlns:xsi="https://www.w3.0ng/2001/XMLSchema-instance"
MEDINA="http://servicenet.t=-systems.com/medina/xMCF"
hemalocation="http://sekvicenet.t-systems.com/medina/xMCF mcf MEDINA.xsd"
NamespaceSchemaLocationz"xmcf 3 1 1.xsd">

ate> 2014-08-07 </date>

<fnits length="mm‘Cangle="rad" mass="kg" force="N" time="gs"/>
<appdata>
<MEDINA xmlns="http://servicenet.t-systems.com/medina/xMCF">
<data/fat_root>
<version MEDINA="MEDINA 8.4.2 Maintenance Release (64 Bit)"/>
K/data_at_root>
</MEDINA>
<f{appdata>
</xmcf>

EXAMPLE 2  <appdata/> for MEDINA at connection level

<?xml
<xmcf
xmlns:

version="1.0" encoding="1s0-8859-1" standalone="no"?>
xmlns:xsi="https://www.w3.0rg/2001/XMLSchema-instance"
MEDINA="http://servicenet.t-systems.com/medina/xMCF"

xsi:schemalocation="http://servicenet.t-systems.com/medina/xMCF mcf MEDINA.xsd"
xsi:noNamespaceSchemaLocation="xmcf 3 1 1.xsd">

<date> 2014-08-07 </date>

<version> 3.1.1 </version>

<units length="mm" angle="rad" mass="kg" force="N" time="s"/>

<connection group id="1">

© IS0 2024 - All rights reserved
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<connected to>

</connected to>
<connection list>
<connection_1ld>
<loc list>

</loc_ list>
<seamweld>

</seamweld>
<appdata>
<MEDINA xmlns="http://servicenet.t-systems.com/medina/xMCF">
<data_at_connector>

</data_at_connector>
</MEDINA>
</appdata>
</connection 1d>
</connection list>
<fconnection group>
</xmcf>

7.3.3 Finite element specific data <femdata/>

For numgprical simulation by the finite element method, a joint can be discretized (realized) in differpnt ways
depending on the focus of the simulation (e.g. crash, fatigue). It is therefore-often necessary to switch from
one realjzation to another one. For this purpose, details of a specific realization can be of interest.

The optlonal <femdata/> information can be placed within anyssingle connector (relevant elemlents are
<connec1ion_Od/>,<connection_ld/>’and‘<connection_2d/>}

XMCF versions 3.1 or later allow to contain <femdata/> at,root level, but this is not allowed in V| 3.0 and
below. <femdata/> is not allowed on <connection group/¥level in any case.

<femdata/> refers to FE entities that are related to.thée*connector in which <femdata/> is placed. It§ content
and the referenced elements are specific to a partieular solver.

Usually, this kind of referencing is done by solver specific entity IDs, which have no meaning outside the
context of a specific finite element model, If,for example, element IDs in this model get renumbered, a YMCF
file referfencing such element IDs becomes.detached and needs to be re-created.

In conclysion, a xMCF file containing&femdata/> always refers to one specific solver deck.
Solver names should be taken from the current FATXML version. Examples are the following:
— PAM-CRASH,

— LS-IJYNA,

— RAIIOSS,

— OPT[ISTRUCT,

—  NASERAN

— PERMAS,
— ABAQUS.

Only <entity/> (see Table 3) is allowed as a nested element of the child element of <femdata/>. Its definition
and documentation follow <enT1TY/>, the corresponding element in FATXML.[Z]
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Table 3 — Nested elements of the child element of <femdata/>

Nested elements Multiplicity Use Constraint / Remarks

entity 1-* Required Corresponds to element <ENTITY/>,

defined in Reference [7.

For further definition of EnTITY see the document source website for FATXML.[Z]

EXAMPLE <femdata/> within a <connection_0d/> element

<connection 0d>

<femdata>

</1
</cé£n
Like FAT]

detect a
own new

The <fef
makes it

Specific
specific

7.4 Cd

7.4.1

<connect
(Clause

[ <NASTRAN>
<entity>
<TYPE>
CQUAD
</TYPE>
<ID>
12345-12356
</ID>
</entity>
</NASTRAN>
femdata>

lection 0d>

XML, xMCF data can be embedded into solver decks by this fieans: Any receiving system c
hd remove discretization objects, created by a sending system, in order to substitute thg
f discretization objects.

hn easily
m by its

data/> element can be used versatile for different use cases - even for yet unknown ones. This

difficult to define exact semantics.

hgreements, for example between preprocessor and solver/postprocessor, may be made tg
1se cases.

nnection data <connection_ group/>

Feneral

ion group/> contains/the topological information about the parts or assemblies
b), respectively. As explained in 4.5, joints are grouped together by the parts or assembli

they compmonly connect.

The topc
all involy

Each <cd

NOTE

logical relatiofi(relation of neighbours) is defined by the child element <connected to/>
red joints arédisted in the child element <connection 1ist/>according to their types (see 4

nnectidavgroup/> is uniquely identified by a numeric identifier (id).

Therefore, xMCF files cannot be simply “pasted together” by use of a standard text editor.

support

involved
bs which

whereas
.3).

XML-specification of <connection group/>1s shown in Table 4 and Table 5.

Table 4 — Attributes of element <connection group/>

Attributes Type Use Constraint / Remark

id

Integer Required unique within a xYMCF file
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Table 5 — Nested elements of element <connection group/>

Nested elements Multiplicity Use Constraint
connected_to 1 Required -
connection_list 1 Required -
contact_list 1 Optional -

An empty or missing <connected to/> element means a connection according to geometric neighbourhood,
alone. However, if <connected to/> is present, it must be complete, i.e. no additional connection partners
shall be searched. Searching for a geometric neighbourhood can yield different results, depending on the
algorithm employed. To avoid ambiguities, no connections with missing <connected to/> should reach the

solver. T

In additi

7.4.2

7.4.2.1

The bas
element;
Table 6.

£ 1 111 11 11 4l
ICTTCIUIE, scofnected_Lo SHUUIU DT TIHHICU Dy LT PIT-pgloLTsSUlL.

pn to parts and properties, no other means (such as sets) for grouping objects are allowed.
Connected objects

General

c objects which can be jointed are parts and assemblies (see Clause 6) which appear 3
<part/> and <assy/> of <connected to/>. The XML-specificationmof<connected to/> is s

Table 6 — Nested elements of <condested to/>

s nested
hown in

2

ested elements Multiplicity Use Constraint

art 1-* Optional -

QO

SSy 1-* Optional -

7.4.2.2
In xMCF,

A partig

pname (pfoperty name), all provided as attributes. However, if both attributes “label” and “pid” or “13

“pname’

Although most solvers use numbers as identifiers, ABAQUS uses names as identifiers. To identify a

only one
that the
is the ca
this situ
solver si
PID. The
Upon im|

Element <part/>
a part may refer to one CAx part or one‘CAE property.

described by the element <par%7>'and a numeric index, a 1abel (part code), a pid (propef

are present, the label governs:

of pid or pname is sufficient. If both identifiers are present, they must be equivalent in t

ce that the same mesh, and therefore, same properties are used in both, NASTRAN and AB
htion, it is reCommended to have a yMCF file which contains both, PIDs and property name
e, this would cause no confusion since NASTRAN would ignore the property name and AB4
responsibility to keep both primary keys unique and equivalent resides on the pre-proceg
port f¢MCF to a pre-processor, inconsistent property keys shall cause an error.

The indd

ty id) or
bel” and

roperty,
he sense

' both address the.Same collection of elements. Rationale for allowing presence of both identifiers

AQUS. In
5. On the
AQUS the
sor side.

x needs to be unique only within the parent element <connected to/>. For specific conne|

ctions, it

isused a

s the matching index for the base sheet.

The attribute index of <part/> element is required only if the part elementis used as a nested element under
the <connected to/> element. If the <part/> element is used within the element <assy/>, then index is not
allowed as an attribute of the <part/> element. The XML-specification of <part/> is shown in Table 7.
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Table 7 — Attributes of element <part/>

Attributes |Type Value space Use Constraint

index Integer >0 Required Unique and required only
within the parent element
<connected to/>

label Alphanumeric Alphanumeric Optional

] ; Atleast 1abel, pid, or pname

pid Integer >0 Optional must exist.

pname Alphanumeric Alphanumeric Optional

instance Alphanumeric non-empty Optional label must existif instance
is used.

EXAMPLE1  <part/> with required attributes only (pid or pname may be used alternatively to label)

<conngcted to>
<part index="1" label="PART_7000400"/>
</conpected to>

EXAMPLE 2  <part/> with optional use of label and pid

<conng¢cted to>
<part index="1" label="PART 7000400" pid="3202132"/>
</conpected_to>

EXAMPLE 3  <part/> with pname to identify a part or property

<conng¢cted to>
<part index="1" pname="P3202132 Thin Shell Property¥%/>
</conpected to>

EXAMPLE4  <part/>using alabel and an instance to identify @part

<conng¢cted to>
<part index="1" label="PART WHEEL_ 900" instance="4"/>
</confpected to>

7.4.2.3 | Element <assy/>

An assemnbly represents a sub-structure‘eonsisting of at least two <part/> elements. It is describg
<assy/> with only the mandatory attribute index. The XML specification of element <3

element
shown in Table 8.

Table 8 — Attributes of element <assy/>

d by the
ssy/> is

Aftributes Use Constraint

Type

index Required

lirteger

Unique within the parent element

In the followingexamples, any pid attribute can be supplemented or replaced by a pname attribute.

EXAMPLE 17\ Full definition of <assy/> element within <connected to/>

<connected _to
<assy index="42">
<part label="PART 7000400" pid="110013"/>
<part label="PART 7000800" pid="110099"/>
</assy>
</connected_to>

EXAMPLE 2

<connected to>
<part index="1" label="PART 9004400" pid="3202132"/>
<assy index="42">
<part label="PART 7000400" pid="110013"/>
<part label="PART 7000800" pid="110099"/>

© IS0 2024 - All rights reserved
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assy>
ected to>

EXAMPLE 3  Usage of the attribute instance for a <part/> within an <assy/> element

<conne

cted to>

<part index="1" label="PART 9004400" pid="3202132"/>
<assy index="42">

<part label="PART 7000400" instance="2" pid="110013"/>
<part label="PART 7000800" pid="110099"/>

</assy>
</connected to>

EXAMPLE 4

<conng

<part index="1" label="PART_9004400"/>
<assy index="42">

<

</conpected to>

or

<conng

<part index="1" pid="3202132"/>
<3@ssy index="42">

<

</conpected_ to>

The bod} of an <assy/> element equals that of a <connected*td/> element. But the meaning is diffg
hin one <assy/> element are meant to constitute.the same side/layer/partner of a flange, whereas

parts wi
all mem

Recursid
7.4.2.4

7.4.2.4.1

The aim [of the <connection groug/3‘element is to group up all the joints that connect the same par

Therefoy
it can be

This includes the following scenarios:

— the§

— SOom

cted to>

<part label="PART 7000400"/>
<part label="PART 7000800"/>
assy>

cted to>

<part pid="110013"/>
<part pid="110099"/>
assy>

ers of a <connected to/> element are different sides/layers/partners of a flange.

n, such as an <assy/> element nested within“another <assy/> element, is not allowed.
Special topological situations
Stacking

e, <connected_to/> gontains each part connected in the joint only once. However, in some s
important to explicitly define in which order some parts of the group are connected.

tacking exder of the connected parts can be important,

e partsumay be involved more than once in the same joint (self-connected joint), where eith

pach part involved in a self-connected joint more than once is known individually, or

— just the number of parts involved in a self-connected joint is known, or

— a combination of the two sub-scenarios above.
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A

In Figur
different

<conng
<

<
</coni

For joint
Betweern

To store

7.4.2.4.2

<stackift
<stacki
connectd

Figure 7 — Special stacking topologies

e 7, all joints, A, B, C, exist within the same <connection group/>, but each jgint is conne
way.

ction group>
onnected to>
<part index="1" label="PART 7000800"/> <!-- grey partin-figure -->
<part index="2" label="PART 7000400"/> <!-- hatched part in figure -->
connected to>
lection group>

s A and C, the number of flanges connected is more than'the number of parts in <connect
joints A and C, the flanges feature the same parts, butin a different order.

this information for each case, the <stacking/> elément is used.

Element <stacking/>

\g/> may dictate the list of flanges/sheets involved in a joint, as well as their order. Alter
\g/> may indicate the number of flanges/sheets of a joint, without defining which p
d more than once. Table 9 shows.the'nesting element of <stacking/> and Table 10 its attrik

Table 9 — Nested elements of <stacking/>

rted in a

ed to/>.

natively,
arts are
ute.

Nested Elements Multiplicity | Use Constraint
level 1 * |Optional -
Table 10 — Attributes of <stacking/>
Attributes~ (| Type Value space Use Constraints / Remarks
nr_levels Integer >0 Optional ifnr levels exists, no

<level/> elements are al-
lowed in <stacking/>.

TiT_Tevels 1a3 0 DE gredter

ments of <connected to/>

than the number of nested ele-

The attribute nr_1evels dictates the number of flanges/sheets connected by the joint.

The element <1evel/> within <stacking/> is specified as shown in Table 11.
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Table 11 — Attributes of <1evel/>

Attributes |Type Value space Use Constraint

order Integer >0 Required Unique only within the parent element
<stacking/>

part_index Integer Required

The attribute meanings are:

part_index: The flange partner with this index (see 7.4.2.2). The part of the flange is referenced by the
attribute index inside the element <part/> or <assy/> of the <connected to/> element,

orddrTimdiTates the position of a flange retative to other f1anges:

erer,in
_levels

httribute

The ord¢r of the levels in the stacking list is identified by the numerical value of their attribute
ascendirfg order. Therefore, indices must be unique within one stacking list. The restriction that nj
must be[greater than the number of nested elements of <connected to/> implies that % devels
can only|be used for self-connected joints.

EXAMPLE 1  The situations in Figure 7 can be described by using <level/> elements-in-order to explicifly define
the stack|ng of the part flanges involved.

<conngction group>

<¢onnected_ to>

<part index="1" label="PART 7000800"/>
<part index="2" label="PART 7000400"/>
<[connected_to>

£)-= grey part in figure -—->
M —-— hatched part in figure¢

nnection list>
<connection_0d label="A">
<stacking>

<c

<level order="1" part_index="1"/> <!-- grey part in figure -->
<level order="2" part_ index="2"/> <!-- hatched part in figure [-->
<level order="3" part_index="1"/> <!-- grey part in figure -->
</stacking>
</connection 0d>
<connection 0d label="B">
<stacking>
<level orxder="1" part_ index="2"/> <!-- hatched part in figure [-->
<level order="2" part_ index="1"/> <!-- grey part in figure -->
</stacking>
</connection (e
<connectiof Y0d label="C">
<staceking>
<level order="1" part_ index="1"/> <!-- grey part in figure -->
<level order="2" part_ index="1"/> <!-- grey part in figure -->
<level order="3" part_ index="2"/> <!-- hatched part in figure [-->
</stacking>
rnection 0d

</connection list >

</connection group>

EXAMPLE 2

many flanges of the <connected_to> parts are involved in each joint.

<connection group>

<connected to>

<part index="1" label="PART

<part index="2" label="PART:7000400"/>

</connected to>

7000800" />

© IS0 2024 - All rights reserved
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<connection list>

<connection 0d label="A">
<stacking nr_ levels="3"/> <!-- "hatched", "grey" and one of "hatched"

</connection 0d>

<connection_0d label="B">

ce <!--= "hatched", "grey" in any order -->
</connection 0d>
<connection_0d label="C">

<stacking nr_levels="3"/> <!-- "hatched", "grey" and one of "hatched"

/"greyu

/llgreyll

</

</con]

7.4.3

7.4.3.1

For man
the man

In gener]
friction

Neverth
the serv

In xMCH
specifieq
is given
<coeffi

The frict

7.4.3.2

Relevant
in a <con

</connection_ 0d>
onnection list >

lection group>
Contacts and friction

General

Lifacturing and the mechanical behaviour of the joints in seryice:

al, friction is a property of pairs of materials in conta¢t’ Normally it can be assumed
broperty, here simply characterized by the static and kinetic friction coefficients, is hom
less, friction properties shall allow for local modification of an individual connection to
ce behaviour.

friction coefficients for any combination of‘joint partners defined in <connected to/

by the element <partner/>. The static and kinetic friction coefficients are defined by the
ients/>.

ion property between the head 0f g bolt to jointed parts is specified, where the joint is defi

Element <contact 1isty>

contacts, which are possible between the flange partners of a <connection group/>, are
tact 1ist/>. The XML specification of <contact 1ist/>elementis shown in Table 12.

Table 12 — Nested elements of element <contact 1ist/>

y joint types, e.g. bolts and screws, friction between the jointed partners plays an importanf role for

that the
bgenous.
enhance

can be

| by the element <contact/> which is nestedin the element <contact 1ist/>. Each partin contact

element

hed.

rollected

Nested’elements Multiplicity Use Constraint

pntact 1-* Required Any set (= non-ordered pair) of
physical contact partners is not

allowed to appear more than

once within a <contact list/>.

The element <contact 1ist/> does not allow for any attributes.

7.4.3.3

Element <contact/>

The features or coefficients of a physical contact between flange partners are described by an element
<contact/>. The XML specification of the element <contact/> is shown in Table 13.
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Table 13 — Nested elements of element <contact/>

Nested elements Multiplicity Use Constraint
partner 2 Required -
coefficients 1 Required -

Ordering of <contact/> elements within a <contact 1ist/> isirrelevant, since it is assumed that features of
a physical contact are invariant under permutation of the two involved materials.

The element <contact/> does not allow for any attributes.

7.4.3.4

Each joint partner involved in a contact is specified by the element <partner/>. Only the first level

assembl
is showr

Element <cortnexr
+

es which are listed in <connected to/>,is allowed. The XML specification of the <paftner/
in Table 14.

Table 14 — Attributes of element <partner/>

bf parts/
element

Al

ttributes Type Value space Use Constraints / Remarks

P

hrt_index Integer Required

The attr

— part
attr

The elenpent <partner/> does not allow for any nested elements.

7.4.3.5

Static and kinetic friction coefficients are defined by the attributes static friction and kinetic_

of an ele

Example
<conng

<t
<3

<

</conpected to>

<contd
<(

<
</conf

bute has following meaning:

_index: The flange partner with this index (see 7.4.2.2). The part of the flange is referencg
bute index inside the element <part/> or <assy/> of the*«connected to/> element.

Element <coefficients/>

ment <coefficients/>, respectively.
ected to>
bart index="1" label="PAR$_9004400" pid="3202132"/>

issy index="42">
<part label="PART (7000400" pid="110013"/>
<part label="PART\ 7000800" pid="110099"/>
assy>

pct list>
fontact>
<partnerypart_index="1"/>
<partnér ‘part index="42"/>
<coeffitients static_friction="0.3" kinetic_ friction=".25"/>
contaet>
tact \Iist>

The elentent <coefficients/> does not allow for anv nested elements

d by the

friction

7.4.3.6

Local contact properties

Ifnecessary,local contact properties can be given within any element <connection 0d/>o0r<connection 1d/>,
respectively (see 7.4.4). In case of conflict, a local <contact 1ist/> overrules the global one.

NOTE

<connection_ 2d/> is not relevant for the currently known use cases and was therefore intentionally not
included in the list.

XML-specification of <coefficients/> are shown in Table 15.
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Table 15 — Attributes of element <coefficients/>

Attributes Type Value space Use Constraints / Remarks
static_friction Floating point [0, oo Optional -
kinetic_friction |Floating point [0, oo Optional -

A <connection list/>is notallowed to be empty, i.e. at least one connection must be defined.

7.4.4

Joints

All the joints which connect the same set of objects (order does not matter) described in the element

<connec

a+ are listed in the element

PEPSESECEWSE S IS I AT S

for any distinct set of objects in a xMCEF file.

As discu
the follo

<connection 1d>and <connection 2d> of arbitrary repetitions.

The XMIf-specification of <connection 1ist/> is given in Table 16:

A <conng

7.5 Mi

Table 16 — Nested elements of element <connectiof Tist/>

T]’\DY‘D Chf\ll]d ]"\D nn]y one connecti

Nested elements Multiplicity Use Constraint
connection_0d * optional -
connection_1d * optional -
connection_2d * optional -

[nimalistic example of a xMCF file

The follqwing example shows how a xMCF file shiould look.
EXAMPLE
<?xml |version="1.0" encoding="ise-8859-1" standalone="no"?>

ction list/>isnotallowed to be empty,i.e. at leaSt one connection must be defined.

n group

5sed in 4.3, xMCF differs between 0-, 1- and 2-dimensional joints which will be specified in|detail in
ving clauses. Thus, an element <connection 1ist/> can comprise child elements'<tonnectfion 0d>,

<xmcf |xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns {MEDINA="http://servicehat.t-systems.com/medina/xMCF"
xsi:s¢hemaLocation="http:/{sgtvicenet.t-systems.com/medina/xMCF mcf MEDINA.xsd"
xsi:n¢NamespaceSchemaLocation="xmcf 3 1 1.xsd">
<|-- some comments/o=>
<flate> 2016-01-11\&/date>
<yersion> 3.1.I1~</version>
<fnits lengths"“wmm" angle="rad" mass="kg" force="N" time="gs"/>
<gppdata> <l-sappdata at root level -->
<MEDINA'xmlns="http://servicenet.t-systems.com/medina/xMCF">
Jdéta at root>
<version MEDINA="MEDINA 8.4.2 Maintenance Release (64 Bit)"/>
</data at root>
</MEDINA>
</appdata>
<connection group ...>

<connected to>
<part index="1" label="PART 8000880" pid="20123213"/>
<part index="2" label="PART 8100340" pid="90123213"/>
</connected to>
<appdata> <!--appdata at connection group level -->
<MEDINA xmlns="http://servicenet.t-systems.com/medina/xMCF">
<data at connection group>

</data_at_connection_group>
</MEDINA>
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</appdata>
<connection list>
<connection 0d>
<femdata>
<NASTRAN>

</NASTRAN>
</femdata>
</connection 0d>

<connection 1d>
<loc list>

</loc_list>

1o
amweTer

</seamweld>
<appdata>
<MEDINA xmlns="http://servicenet.t-systems.com/medina/xMQE!>
<data at connector>

</data_at connector>
</MEDINA>
</appdata>

</connection 1d>
<connection 2d>

</connection_ 2d>

</connection list >
<f{connection group>

</xmé';
7.6 XML schema definition

The XML schema definition (XSD) of xMCF can be found in computer-interpretable form at the fpllowing
URL: https://standards.iso.org/iso/pas/8329/ed-1/en/

8 Data common to any connection

8.1 Ingdices and their properties

XMCF prpvides several elements which are essentially ordered sets of the same data type (strings, jntegers,
or decinfals). More precisely they are like lists or vectors. For example, the <10c_1ist/> for the coprdinate
list of a Jeam weld or thé)<string list/>in the <custom attributes/>. Often the order of the elements in a
set is esdential. For instance, the coordinates in the <10c_1ist/> for a seam weld define the weld in the space
uniquely| by theirvalues and their explicit order in the list.

The currlent XML standard allows that several child elements with an identical name share a common parent.
However, itlacks a built-in mechanism to introduce a logical structure (like an order) in an XML-d¢cument.

MCF talszacthic el las ez st o A it o o s d oy (ol b o) 2o ool oo el dicac ooz nlory o oo ld 1 .
X reServes+tits PTOOTCTIT Oy e otroCTiTgatr oA acer roatC T Su i CasCSTarCCSTITay pray a cvw o (0] role:

to distinguish from each other and to ensure a unique arrangement in the list. Usually, an index can consist
of strictly monotonically increasing natural numbers. In some cases, strictly monotonically increasing real
numbers can also be appropriate. For example, the <1oc_1ist/> for the coordinate list of a seam weld can be
indicated both by real numbers like arc length of the line or any increasing integer series.

Depending on the context, the name of an index (attribute) is index, v or something else. They are always
explicitly stated at the appropriate places in the text.
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8.2 Connection referencing

8.2.1 Need for referencing

Any connection should have a way of referring to it, since its shape and dimensions can vary along the design
process. Typically, connections are referred to by their assigned ID or label.

8.2.2 Attribute 1abel

Any connection should have an attribute called 1abe1, which identifies it throughout the entire CAx process,
maybe even throughout the complete product lifecycle, including manufacturing. It is not necessary that
these lahels-areungueForinstanceHaseamweldissphtinte-differentpartsatacertatn-stepinthe process
(if there|are interfering holes in the structure, for example), its components shall keep the 1ape dttribute.
A system downstream in the process (detached from any centralized naming authority) may, 'Cr¢ate new
connections with all the same label such as “0” or empty string.

The 1ab¢1 may be composed of digits only, but it should not be confused with other IDs such ag a finite
element [[Ds. If desired, finite element IDs would have to be placed within some <appdata/> element

8.2.3 Attribute ident

For systgms or processes that use integers for referring to connections, the/attribute ident is proyided. In
contrast{to alphanumeric labels, integers are easy to generate and simple-to shift when grouping i needed.
This allgws for unique identification, detached from a centralized ndming authority, in case a connection is
split, inserted, or duplicated.

ident can be used together with 1abel as alternative ways, of veferring to a connection, bridging the gap
betweer| tools that work with integers only and tools that use‘labels only.

ident is p positive integer and unique within the yMCE file.

Example

<conngction list>
<¢onnection_0d label="SPOT_3490'" ~adent="3490">
<loc> ... </loc>
<spotweld/>
<fconnection_0d>
</conmpection list>

8.3 Dimensions and coordinates

Connectlons can havé~three different dimensions: <connection 0d/> <connection 1d/> and
<connection 2d/>.

Any conpection ghall have coordinates. How many they are and how they are described depends on the
connection’s dimension. Details are described in the following subclauses.

8.4 Attribute quality control

Some connections are more relevant than others, e.g. with respect to crash safety. Therefore, several levels
of quality control are well established in manufacturing processes. For this reason, any connection can have
an optional attribute quality control. Since there is no general standard for such quality controls, xMCF
cannot define a set of possible values for this attribute. Therefore, it must be of type a1phanumeric.

8.5 Custom attributes list

It was mentioned in 4.2 that only information relevant to connections should be contained in yMCF. The
exceptions <appdata/> and <femdata/> were introduced in 7.3. These two elements essentially aim at
specific needs of application software. The internal structure of <appdata/> itself is not standardized, can
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be very complex, and depends on the specific software. The content can usually not be interpreted by other
software systems.

Frequently, there are situations where a user of yMCF wishes to introduce supplementary information
(attributes) to enrich the standard attributes defined by xMCF. In principle, the supplementary information
could also be placed in an <appdata/> block, but with a substantial drawback, namely, its exchange between
different commercial software tools will be difficult in case the tool specific internal structure is not
documented.

With <custom_attributes/>, XMCF provides an element which is simple in handling and flexible enough to
meet many requirements. All descendants of <custom attributes/> are key-value-pairs, following the same
pattern key < value(s), with supported value-type € [int, real, string]V, where N is a positive integer:

(value-type) key = {valuel, value2, ..., valueN}.

The cas¢ N>1 is reminiscent of the vector or list templates from the STL of C++ (see Reference [8]]) and is
called “list” in xMCF.

In detail| the individual elements of <custom attributes/> are of one of the following forms:

<int key="NameofIntValue"> value </int>
<int ligt key="NameofIntListValue">
<value index="1"> valuel </value>

<value index="N"> valueN </value>
</int_ 11st>
<real k¢y="NameofRealValue"> value </real>
<real 11st key="NameofRealListValue">
<value index="1"> valuel </value>

<value index="N"> valueN </value>
</real list>
<string|key="NameofStringValue"> value </string>
<string|list key="NameofStringListValue">

<value index="1"> valuel </value>

<value index="N"> valueN </value>
</string list>.

This megns that the name of the elemefntspecifies the value-type while the value(s) is/are hold in one or
several dlement(s) <value/>. A list is signified by the suffix “_list”. All elements own the attribute ke}y.

Often, the <custom attributes/>‘element has an owner and is needed for a special purpose. For gxample,
Mr. Brown needs for one and-the same joint element an integer valued attribute named “priority” which
should thke on different vatuies for two different applications “Fatigue” (1) and “Statics” (22). This can be
specified in a <custom agtiibutes list/> as follows:

EXAMPL

T1

<cust¢m attributes list>

custom-attributes owner="Mr Brown" for="Fatigue">
<int key="priority"> 1 </int>

/custom attributes>

ruqfom_gffrihufeq owner="Mr Brown" for="Statics"

<int key="priority"> 22 </int>

</custom_ attributes>

</custom attributes list>

In the above example, the owner is “Mr Brown” in both cases, while the applications can be distinguished by
the attributes for="ratigue" and for="statics", respectively.

The more general case that several <custom attributes/> with different ownerships and for different
purposes is considered by the element <custom attributes list/> with all the <custom attributes/>
elements as child-elements. No attributes are associated to the element <custom attributes list/>.
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The existence of a <custom attributes list/> inside a connection is optional. There can be at most one

element

inside each connection.

The <custom attributes list/>contains atleast one of the following nested elements (see Table 17):

Table 17 — Nested elements of element <custom attributes list/>

Nested elements Multiplicity Use Constraint

custom_attributes 1-* Required -

At least one element <custom attributes/>mustbe inside a <custom attributes list/>.

The XMI

specification of the <custom attributes/> elementis shown in lable 13:

Table 18 — Attributes of <custom attributes/> element

Attributes Type Value space Use Constraints /Remarks
oyvner Alphanumeric Alphanumeric Required Non-empty string
fqr Alphanumeric Alphanumeric Optional Non-empty string

The pail of attributes owner and for of each <custom attributes/> element)must be unique wit

<custom]|

The <cud

value, re

Nested elements Multiplicity Use Constraints / Remarks
string 1-* optional At least one of these nested
real 1-% dptional elements is needed.
int 1-* optional
string_list 1-* optional
real_list 1-* optional
int_list 1-% optional
The elenpents <string/>, <real/> alidh<integer/> must have the following data type assignments
spectively:
ing/>: alphanumericwvalue, which is covered by string data type in xsd, which can contain ch

— <st1
line

If requir
be used
string d
and tab

lattributes list/>.

Table 19 — Nested elements of element <ustom attributes/>

feeds, carriage returns, and tab characters.

ed to handle’spécial characters such as line feeds or tabs, the normalized string data typ
in the XSD\The normalized string data type is derived from the string data type. The no
ita type.also contains characters, but the XML processor will remove line feeds, carriage
characters.

— <re{g

hin each

tom attributes/>element must contain atleast one of the following nested elements (see Tlable 19):

for their

aracters,

e should
'malized
returns,

172> floating point value, which is covered by decimal data type in xsd, which can contain a

numeric

value. The maximum number of decimal digits you can specify is 18;

— <integer/>: integer value, which is covered by integer data type in xsd, which can contain a numeric
value without a fractional component.

The XML specification of the <string/> element is shown in Table 20:

Table 20 — Attributes of <string/> element

Attributes Type Value space Use Constraints / Remarks

key Alphanumeric Alphanumeric Required Non-empty string

© IS0 2024 - All rights reserved
25


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

ISO/PAS 8329:2024(en)

The XML specification of the <rea1/> element is shown in Table 21:

Table 21 — Attributes of <rea1/> element

Attributes

Type

Value space

Use

Constraints / Remarks

key

Alphanumeric

Alphanumeric

Required

Non-empty string

The XML specification of the <integer/> element is shown in Table 22:

Table 22 — Attributes of <integer/> element

Attributes Tvpp Value space ILise Constraints ’/ Remarks
Kpy Alphanumeric Alphanumeric Required Non-empty string
The XMIf specification of the <string 1ist/> elementis shown in Table 23:

Table 23 — Attributes of <string 1ist/> element

Aftributes

Type

Value space

Use

Constraints / Remarks

ke¢y

Alphanumeric

Alphanumeric

Required

Non-empty string

<string|list/> has the nested element (see Table 24):

Table 24 — Nested elements of <string A%t /> element

Nested glements

Type

Multiplicity

Use

Constraints / Remark

value

Alphanumeric

1-%*

required

Where <jralue/> within <string 1ist/>is specified as (See Table 25):

Table 25 — Attributes of <vaine/> element inside <string 1ist/>

||Attributes Type Value space Use Constraints / Remarks
findex Integer >0 Required |unique within the parent element
8
The XMf specification of the <real 1%st/> elementis shown in Table 26:

Table 26 — Attributes of <rea1 1ist/> element

Agtributes Type Value space Use Constraints / Remarks
key Alphanumeric Alphanumeric Required Non-empty string
<real 11st/>has thenested element as (see Table 27):

Table 27 — Nested element of <real 1ist/>element

Nested glénients

Type

Multiplicity

Use

Constraints / Remark

(S

value

Floating point

1_*

Required

Where <value/> within <real 1ist/> is specified as (see Table 28):

Table 28 — Attributes of <value/> element inside <real list/>

Attributes

Type

Value space

Use

Constraints / Remarks

index

integer

>0

Required

unique within the parent element

The XML specification of the <int 1ist/>elementis shown in Table 29:
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Table 29 — Attributes of <int 1ist/> element

Attributes Type Value space Use Constraints / Remarks
key Alphanumeric Alphanumeric Required Non-empty string

<int list/>has the nested element (see Table 30):

Table 30 — Nested elements of <int 1ist/> element

Nested elements Type Multiplicity Use Constraints / Remarks
value integer 1-* Required -

Where <jralue/> within <int_1ist/> is specified as (see Table 31):

Table 31 — Attributes of <value/> element inside <real 1ist/>

Attributes Type Value space Use Constraints / Remarks

index integer |>0 Required unique within the parentelement

Remarkyg:
a) Values of key must be unique within their common parent element,

b) Thelorder of the values in the corresponding list is identified by the numerical value of their attribute
inddx, in ascending order. Therefore, indices must be unique witlin one list,

¢) Incgse of strings, the whitespaces deserve extra mention:To avoid mistakes, whitespaces are hot to be
used at beginning and end of a string.

EXAMPL

TrT

<cust¢m attributes list>
custom attributes owner="DepartmentA!\“or="Fatigue">
<int key="priority"> 1 </intp
<string key="used S-N curye"™>Steel 225 ISO</string>
<real key="fatigue limit¥>$223.1 </real>
/custom_attributes>
custom attributes owner="DepatrtmentA" for="Statics">
<int key="priority"s 2 </int>
/custom_attributes>
custom attributes owpexs"DepartmentB">
<string key="pridority">high</string>
<real list _key="direction vector">
<va¥le index="1">10.3 </value>
<ralue index="2"> -2.1</value>
Jvalue index="3">-1.5</value>
</read=list>
<st¥ing list key="verifiedby" >
<value index="1">john</value>
<value index="2">Smith</value>
</string list>
Aoystom attributes>

ke s e - .
</ cus terr—rrete e s

8.6 Distinction between <custom attributes/> and <appdata/>

8.6.1 General

At first glance, <custom attributes/> and <appdata/> seem to address similar purpose or even to be
redundant. This is misleading, as the following subclauses show.

© IS0 2024 - All rights reserved
27



https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

ISO/PAS 8329:2024(en)

8.6.2 Needs of different process roles, addressed by <custom attributes/> and <appdata/>

In the co

ntext of YMCF, at least two different roles can be distinguished:

— the programmer of an application, and

— the engineer using this application.

The programmer needs to store extra data that are specific to the application.

The engineer needs to store additional data specific to the process in which the connections are involved.

As its name suggests, <appdata/> is used to store application-specific data, whose structure and purpose is

known d
choose t
it or may

<custom|
but may

Enginee
attribuf

Applicat
<appdat

Enginee
what eaq
or to off¢

8.6.3

<appdat
format g
mandatd
softwarg

a third-party party software. Therefore; applications shall not rely on preservation of <appdata

corrupti

The inte
structur
Therefoj
be prese

8.6.4

The ele
respecti

nly by the application itself, respectively applies to this application alone. The software yve
b standardize and publish the format of this data in order to allow other applications tg pofj
choose to use <appdata/> as a private storage of internal state.

not be known by the application.

's choose which attributes they need to store and designate the correspending data in
es/>.

ons store auxiliary data in <appdata/>. These data may be data that’engineers do not need
/> may include information about the internal state of the application specific data model.

h custom attribute represents, but it shall neverthelessbe able to transport these data un
br a (generic) graphical user interface (GUI) for accessing it.

Needs of different applications, addressed by:<custom attributes/>and <appdata/>

/> may be used as means of intercommuni€ation between different applications. In this
f <appdata/> needs to be documented and published by the <appdata/> owner. However

. Therefore, <appdata/> should be gonsidered as data that can be disregarded or thrown

bn or crash must be avoided if data from <appdata/> gets lost.

rnal structure of <custofm)attributes list/> is completely standardized, whereas the
e of <appdata/> is arbitrary and can for optionally be described by a software-specific XML
e, <custom_ attributes 1ist/> cannot be used as flexible as <appdata/>, but its content is
rved across systenl boundaries.

Different levels of <custom attributes/>and <appdata/> within xMCF data model

ments _%appdata/> and <custom attributes list/> have been introduced in 7.3.2
Vely, In-this subclause, they are compared regarding their arrangement in the XML tree.

hdor can
t data to

[attributes/> represent OEM- or process-specific data, whose purpose is known by the emgineers,

custom

to know.

's know the purpose and representation of <custom attfiputes/>. The software may not know

rhanged,

rase, the
it is not

ry that information stored in <appddta/> is handled, maintained, or processed by third-party

away by
/>. Data

internal
schema.
easier to

hnd 8.5,

<appdat

/>may be used either on different levels of a YMCF file:

— onrootlevel (directly within the <xmcf/> element), or

— within any single connector (elements <connection 0d/>, <connection 1d/>and <connection 2d/>)

— or both.

In contrast to this, the element <custom attributes list/> can only be used within any single connector,
but not at root level. This is justified below.
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In the usual scenario where multiple xMCF files, each containing connections of subsystems, are to be read
and combined in an application, the application must deal with possible conflicts between data at root level
(which applies to many connectors) and data at connector level (which applies to a single connector, only).

Each application should be able to resolve conflicts in its own <appdata/>, as the semantics of the data is
known to the application.

On the other hand, the purpose of a <custom attributes/> element assumed at root level would not be
known to a random application. Conflicts with <custom attributes/> elements at connector level would
not even be identifiable with certainty. The application would therefore have to pass on the task of resolving
<custom_ attributes/> conflicts to the user. This is undesirable.

Becauserer tom—=ttribute may Uu}_y be-withina aius}c commector o confhetseamrarise: Au_y ap lication
should bg able to handle <custom attributes/>, even if it does not understand the semantics. The\r¢ason for
this is tHat the syntax is standardised and that connectors are self-contained objects with a¢learly defined
role and|limited scope.
9 0D ronnections
9.1 Generic definitions
9.1.1 Ildentification
9.1.1.1 | General
The pospible XML attributes of the <connection 0d/> element, which describes a point connegtion (0D
connection), are specified in Table 32:
Table 32 — Attributes of élement <connection 0d/>

Attributes Type Use Constraint

lajbel Alphanumeric Optional -

ident Integer Optional positive, unique within a xYMCF file

qpality_control Alphanumeric Optional See 8.4.
9.1.1.2 | Attribute “label”
The labgl defines the human readable identification of a connection. It can contain a descriptign of the

connection or simply an jndex as an integer.

EXAMPL

<conng
<

1 Minimwm'definition of a 0d connection without label

ction l436>
fonnection_ 0d>
<1'ge>

</loc>

<spotweld>

</spotweld>

</connection_0d>
</connection list>

EXAMPLE 2  Definition of a 0d connection with label

<connection list>
<connection_0d label="SPOT_3490">

<loc>

</loc>
<spotweld>
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</spotweld>

</connection_0d>
</connection list>

9.1.1.3

Attribute “igent”

The attribute ident provides an alternative identification to the connection. The value of ident is a positive
integer and unique within the yMCF file.

EXAMPLE

<connection_list>

<(:onnecE:Lon_Ua Tdent="3490 ">

<

</conmpection list>

9.1.2

The defi
element
and z co

<loc>

</loc>
<spotweld>

</spotweld>
connection_0d>

Location

ition of the connection location of a point connection is described by the element <10
is nested below the parent element <connection 0d/>. It cdntains three values specifying
prdinates of the location as text content (Table 33).

Table 33 — Text values of élement <10c/>

L />. This
the x, y,

ext Type Value space Use Constraint

Floating point (=0, +e0) Required -

Floating point (—o0, +0) Required -

N [ | X

Floating point (—o0, +%) Required -

EXAMPLE

<conngction_ 0d>
<]

</confpection 0d>

9.1.3
The defi

and <tarfgential ,direction/>. They both specify a direction vector. Lengths of both vectors are not
but must be > Q.

Their XML-Syntax is identical. Their names describe their semantics:

L
v

loc> 2581.21 -708.408 3136532 </loc>

Direction

hition of confiection directions, where applicable, is described by the elements <normal dirq

bction/>
relevant

— Element <normal direction/> denotes a direction of a local z axis.

— Element <tangential direction/> denotes the direction of an axis tangential to the (base) part
surface next to the point given in <1o0c/>, giving locale x axis. Its orthogonalization relative to <normal
direction/>is not allowed to vanish, that means both vectors are not allowed to be collinear.

If both elements are given, a right-handed coordinate system is uniquely defined:

— Originisin <loc/>.

— Z-aXx

— X-aX

is is in direction of <normal direction/>.

is is the orthogonalization of <tangential direction/>relative to <normal direction/>.
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The XML specification of the <normal direction/> and <tangential direction/> elements is shown in

Table 34:

Table 34 — Attributes of elements <normal direction/> & <tangential direction/>

Attributes Type Value space Use Constraint
X Floating point (=c0, +) Required -
y Floating point (=e0, +20) Required -
Z Floating point (=e0, +) Required -
Both elements do not allow for any nested elements.
Unless ofherwise stated, direction elements are optional. However, if omitted, importing systems njay use a
geometrjc search for determining <normal direction/>, using a spherical characteristi¢; which mgy not be
very relipble. In this situation, <tangential direction/>can only be guessed, implyingabandom orjentation
of the cohnection (e.g. arobscan) in receiving system. Therefore, it is recommendedfor-a receiving system to
issue a warning, at least.
EXAMPLE
<normal direction x="0.0" y="0.0" z="-1.0" />
<tangential direction x="70.7" y="70.7" z="0.0" />
9.1.4 Type specification
Each connection should be assigned a type during its life cycle. The XML definitions of all 0D conjnections
contain the following elements (see Table 35):
Table 35 — Nested elements;of element <connection 0d/>
N¢sted elements Multiplicity Use Constraint
clinch 1 Optional -
clilp 1 Optional -
hefat_stake 1 Optional -
ndil 1 Optional -
gumdrop 1 Optional -
riyet 1 Optional -
ropscan 1 Optional -
rofation_joint 1 Optional -
splotweld 1 Optional -
threaded<=connection 1 Optional -
coptact_list 1 Optional See 7.4.3.6
stacking 1 Optional See 7.4.2.4

Up to one of the type elements (clinch, clip, heat stake, gumdrop,

threaded connection) may existin <connection 0d/>. There is no default type.

9.2 Spotwelds

9.2.1 General

nail, rivet, robscan, spotweld, OTr

A spot weld is denoted by an element <spotweld/>. This element is described completely by its attributes

and nest

ed elements (see Table 36).
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Table 36 — Nested elements of <connection 0d/> for <spotweld/>

Nested elements Multiplicity Use Constraints / Remarks
spotweld 1 Optional -

loc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list 1 Optional See 8.5.

The XML specification of the <spotweld/> with element diameter is shown in Table 37:

Table 37 — Attributes of element <spotweld/>

Attributles Type Value space Use Constraint
diametet Floating point >0,0 Optional -
technology Selection resistance, Optional -

laser,

projection,

friction

9.2.2 Attribute diameter

The diameter of a spotweld is specified by the attribute diameter for‘the child element of <connecti

9.2.3 Attribute technology

The teclinology used to weld the connection can be specified for each of the spot welds of a co

separatdly.

This teclhnology can be one of:
— Resistance welding,

— Lasdr welding,

— Projection welding,

— Fricfion welding.

The elenjent <spotweld/> allows for following nested elements (see Table 38):

Table 38 — Nested elements of element <spotweld/>

on_ 0d/>.

hnection

Nested eleménts Multiplicity Use Constraint
normal ‘direction 1 Optional -
thngential_direction 1 Optional -

EXAMPLE

<connection 0d label="SPOT Left Gh 2123921">

<spotweld diameter="5.0"/>

<loc> 1645.83 821.145 616.585 </loc>

<appdata>

</appdata>
</connection 0d>
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9.3 Robscans

A Robscan is a pattern of arbitrary shape, drawn onto the flange partners by a laser optic. Such

a shape

has a length and width significantly larger than the diameter of the laser focus. The laser beam defines a
local z-axis and is assumed to be perpendicular to the flange partners. However, the pattern can be rotated

around this z-axis, and it can be mirrored at its x-axis. This is depicted in Figure 8:

Figure 8 — Robscans with different rotation angles, two of them mirrored

The pattern of the bottom left Robscan is oriented with no rotatien ahd no mirroring with respect t
coordindte system (yellow). The next instance has 30° rotatiom, The two Robscans, top right in th
have a nlirrored pattern; the uppermost having again 30° rotation.

There isfa continuum of patterns for Robscans. Each one<which shall be used at an assembly line ne
verified [by simulation plus test) in advance, which is-&xpensive. Some implications are:

— companies regard this information to be their own intellectual property,

— a paftern shall not simply be stretched etc-It would need a new validation,

— validlated Robscan patterns are usually not part of distributions of FE processors.

However, subcontractors possiblyneed to know the position and bounding box of the Robscan. TI
xMCF definition shall contain sofe“abstract” data. FE processors may address the danger of incon
by taking both levels of information from the same configuration file. Therefore, it is at the respons
the companies’ admins to havé consistent data in that file.

b its own
e figure,

bds to be

herefore,
sistency
ibility of

Since th¢ exact shape ©f)the Robscan pattern is third-party intellectual property, it cannot be part of the

XxMCF ddfinition. It iSdeferred to by just a string attribute “pattern”. Possible values of attribute °
are not fhe subjectfof this document: In general, they are very original equipment manufactursg
specific.|However to provide a minimum amount of information, width and length of the pattern 2
by attrijutes pattern width and pattern length.

pattern”
r (OEM)
re given

Thic alaxnan dcaormanlatala ey 4o ot
o

utes and

A R b mde danaotrad ey o alopa ot 2 ic
O SC I 1O ULIIiuleu IJ)’ dAIl CICITICIIU LU Cdall « 1IIITO CICITICIIU IO \'Ullll_ll\/\-\/l)’ Ll-y IO dtllll

nested elements, see Table 39, Table 40, and Table 41.

© IS0 2024 - All rights reserved
33


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

ISO/PAS 8329:2024(en)

Table 39 — Nested elements of <connection 0d/> for <robscan/>

Nested elements Multiplicity Use Constraints / Remarks
robscan 1 Optional -

loc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list 1 Optional See 8.5.

The XML specification of the <robscan/> element is shown in the following Table 40:

Table 40 — Attributes of element <robscan/>

Attributles Type Value space Use Constraints / Remarks
base Integer >0 Optional -
pattern Alphanumeric Alphanumeric Optional Non-empty, if ptesent.
gap Floating point >=0,0 Optional -
width Floating point >0,0 Optional -
pattern_vidth Floating point >0,0 Optional -
pattern_|ength Floating point >0,0 Optional -
mirrored Boolean "false” (default),|Optional E
"true"
orientation_angle Floating point [-180°, 180°] Optional According to the unit of angleq, defined
in element <units/>.
filler_maferial Alphanumeric Alphanumeric Optional -

All attrillrutes of element <robscan/> are optional for iniport to CAD or CAE processors. However, sp

solvers rhay declare some of them to be mandatory:

General fefaults are:

wn

—[for strings.

falde - for Boolean values,

0 - fpr numeric values,

Howevert, these defaults are ot always useful for CAE:

gap

coor din ato hag to bn invortnd;

:[this defines thegap between both flange partners (perpendicular to the surface);
widyh: this is the'width of the laser beam;
Width anddength of the pattern are given by attributes pattern width and pattern length;

mirqored: this denotes, whether the pattern has to be mirrored along its length-axis x, i.e

ecific FE

. local y

orientation angle: this defines a rotation around z axis, following right-hands-rule. Angle is measured

in the unit of angles, defined in element <units/>, within range [-180°, 180°]. -180° and +180° degree are
regarded to be identical (applies also to equivalent ranges in another unit).

Both parameters, mirrored and orientation angle address numerical optimization: An angle and a boolean
allow to vary the Robscan placement easier than to calculate completely new orientation vectors.
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Table 41 — Nested elements of element <robscan/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
tangential_direction 1 Optional -

Additional explanations for the directions are:
— Element <normal direction/> denotes direction of laser beam, giving local z axis;

— Element <tangential direction/> denotes laser moving direction, giving local x axis.

1 1 1 LA | I
<normal”alrectlon dllU <tangential dlrection CICIIICIILS dI'C UCSCTITOCU 111 913

EXAMPL

1)

<conngction 0d label="RSC 1272360">
<loc> 507 1 0.8 </loc>
<fobscan base="1" pattern="KL ST" gap="0.15" width="0.4" mirrored="false" pattern|

width="9%" pattern length="12" orientation angle="0">
<normal direction x="0" y="0" z="-1"/> <!-- locale z axis -->
<tangential direction x="1" y="0" z="0"/> <!-- locale x axig)-+>
<[robscan>
<gppdata>

<fappdata>
</confpection 0d>

9.4 Riyets

9.4.1 General

There aile many different types of rivets. If at some state of the model the specific type of rivet (¢.g. blind
rivet, se|f-piercing rivet) is not known, then a generic rivet element should be used to capturefjust the
necessaily information, like direction, length, andydiameter.

Arivet i§ denoted by an element <rivet/>.This element is described completely by its attributes and nested
element$, see Table 42 and Table 43.

Table 42 — Nested elements of <connection 0d/> for <rivet/>

Nested elements Multiplicity Use Constraints / Remarks
rjvet 1 Optional -

lpc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom.attributes_list |1 Optional See 8.5.

The XML ‘specification of the <rivet/> element is shown in Table 43 and rivet head types are ghown in
Figure 9:
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Table 43 — Attributes of element <rivet/>

is required.

Attributes Type Value space Use Constraints / Remarks

hardness Floating point >0,0 Optional -

shaft_diameter Floating point >0,0 Optional -

length Floating point >0,0 Optional -

head_diameter Floating point >0,0 Optional -

head_height Floating point 20,0 Optional If at least one of them is specified

head_height + sink_size > 0

head_tyrn Alphnnnmnrir Alphahnmnrir ﬁpfinna] -
sink_sizé Floating point >0,0 Optional -
strength| property_class | Alphanumeric Alphanumeric Optional -
part_code Alphanumeric Alphanumeric Optional -
a) Dome b) Large flange ¢) Countersunk

The follqg

— hard

Figure 9 — Rivet head types (dome;large flange, countersunk)

wing list explains the attributes:

ness: Vickers hardness HV (see Reference [9]) of the rivet material. (Attribute hardness w{

fromh element <self piercing/>to element <rivet/> with YMCF version 3.1.);

— shaf]
— leng
— head
— head
— head
— sinH

— strg

t_diameter: the diameter of the shaft of the (unmounted) rivet;

th: the overall length of the,(Uunmounted) rivet itself;

| diameter: the diameter of the head of the (unmounted) rivet;

height: the heightof the head;

_type: the déseription of head type ("dome”, “countersunk” or “large_flange”);

size: the’size of the head that is sunk;

ngth property class: Strength according to ISO, EN, BSW, DIN, SAE etc., e.g. Reference [10)

— part_code: The part code of The T1VeT, as Used €.g. I a PDM SYSTen. It can be CONVENIeNnt to USe
norm (according to e.g. ISO, EN, BSW, DIN) as part code.

IB

s moved

he rivet

If possible, a rivet should know the direction of fixation, therefore, possess a nested element <normal
direction/>. However, this is not mandatory so that incomplete data can also be imported. The direction

sense of

<normal direction/> (see 9.1.3) is from rivet head to foot.

A <tangential direction/> can be provided for rivets that are not axis-symmetric and require a spatial
orientation.

A <rivet/> is always placed into holes drilled before, whereas its subtype <self piercing/> createsits own
hole during placement.

© IS0 2024 - All rights reserved
36


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

ISO/PAS 8329:2024(en)

Specific subtypes of rivets are defined by adding nested elements, listed in following Table 44:

The subflypes are described in detail in the 9.4.2 to 9.4.6.
EXAMPLE1 Example for a (axisymmetric) rivet connection that uses only the <normal_directign/>

<conngction 0d label="RVT 2123921">

</conpection_ 0d>

EXAMPLE 2 Example for a rivet connection that requires also thextangential direction/>

<conngction 0d label="RVT 2123922">

</conpection 0d>

9.4.2

Blind rivets are one-sided tivets that require a pre-drilled hole. Blind rivets form their shape v
mandrell is pulled out from the rivet body. This action securely clamps the sheets together. A bl
is denotpd by a nested-element <blind/> within <rivet/>. This element is described complete
attribut¢s and thoseef <rivet/>.

The XMIf specification of the <b1ind/> element is shown in Table 45:

<tivet shaft diameter="5.0" head diameter="8" length="3.5">

<frivet>

Table 44 — Nested elements of element <rivet/>

Nested elements Multiplicity Use Constraint / Remarks
normal_direction 1 Optional -

tangential_direction 1 Optional -

blind 1 Optional Maximum one of the listed ele-
self_piercing ments.

solid

swop

chiTchTivet—stud

<normal direction x="0" y="0" z="3"/>

A

loc> 1645.83 821.145 616.585 </loc>
<gppdata>

<fappdata>

<tivet shaft diameter="5.0" head diameter=!8" length="3.5">
<normal direction x="0" y="0" z="3"/>

<tangential direction x="3" y="0" =Z="0"/>

<frivet>

<loc> 1645.83 -821.145 616.585 </lpc>

<gppdata>

<[fappdata>

Blind rivets

yhen the
nd rivet
ly by its

Table 45 — Attributes of element <h1ind

Attributes Type Value space Use Constraint / Remarks
min_grip Floating point > 0,0 Optional -

max_grip Floating point >0,0 Optional greater equal to min_grip
clearance Floating point >0,0 Optional -

material Alphanumeric Alphanumeric Optional material of the rivet body
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a) Before riveting b) After riveting c) Application-e€xam

Fance (blind side).
Figure 10 — Blind rivet — Key attributes

D describes what the attributes of <rivet/>and <b1ind/> €ortespond to:

grip, max_grip: These two attributes collectively deseribe the effective grip range of the
1 rivet is engineered so that it can be used for a specific range of material thickness for
ides proper joining between connected parts. This‘¢an be called as the blind rivet’s grip ra

rance: The blind rivet needs some clearance-on the blind side, which is the side of mand
h inserted into the holes, before it is applied:

rial: This attribute defines the applied“material of the blind rivet body. Generally, the appl]
ld be used with connected parts.so‘that the connector rivet element has the same phyj
hanical properties as the components to be joined. Usual materials: Steel, Stainless Stee
per Alloy (Monel), Copper and several grades of Aluminium.

If material thickness changes in connected parts, this can lead to other size of blind rivet as joining

If a blingl rivet is applied to.join two components which have different mechanical properties, e.

them is t
to show

hinner or softer than/'the other, then the <normal direction/>element will become more in
Lhe proper settinig/direction of the rivet as seen in Figure 11.

a) Thin"/ Thick assembly b) Soft / Hard assembly

e

ble

rivet. A
which it
nge.

rel head,

ied rivet
ical and
1, Nickel

element.

o. one of
hportant
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Key
1  softpart
a  Satisfactory.
b Good.
¢ Better.
d  Poor.
Figure 11 — Assembly recommendations for blind rivets

EXAMPLE

<conngction 0d label="RVT 2123921">

<]

<
<]
<

<

ivet shaft diameter="3.35" head diameter="5.5" head type="dome" length="44%
<blind min grip="3" max grip="3.2" clearance="4.5" material="Steel/>
<normal direction x="0.0" y="1.5" z="3.0"/>

rivet>

oc> 1645.83 821.145 616.585 </loc>

ppdata>

appdata>

</conpection 0d>

9.4.3 S$elf-piercing rivets

A self-piprcing rivet is a special kind of rivet which does not need/a pre-drilled hole. Originally

cylinder{with a cap on one end, it deforms together with the material it is pushed into as shown
Figure 1P:
6
> |
|
|
b ' ]
—7

Key
rivet

rivet
undd

head diametér

bottpm thickness

diameter
reut

n hollow
below in

blan

N O U W e

die

1211
N TIUIUTT

punch

Figure 12 — Cross-section of a self-piercing rivet and riveting device

A wide range of such rivets is available. They can be used with different rivet dies to optimize the riveting
process. Such combinations must be chosen in accordance with the materials of the flange partners.
Details are third party intellectual property and therefore cannot be part of the YMCF definition. However,
XMCF offers alphanumeric attributes for rivet and die parameters. Possible values of these attributes are
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not subject of this document: In general, they are very OEM specific. To provide a minimum amount of
information, some general geometric information is given by related numerical attributes.

A self-piercing rivet is denoted by a nested element <self piercing/> within <rivet/>. This element is
described completely by its attributes and those of <rivet/>. In especially, attributes length, head diameter
and shaft diameter are inherited from <rivet/>.

The XML specification of the <se1f piercing/> elementis shown in Table 46:

Table 46 — Attributes of element <se1f piercing/>

Attributes Type Value space Use Constraint
head_label Alphanumeric Alphanumeric Optional -
shaft_label Alphanumeric Alphanumeric Optional -
die_label Alphanumeric Alphanumeric Optional -
4ie_diameter Floating point >0,0 Optional -
die_depth Floating point >0,0 Optional -
All attributes of this connection are optional for import to CAD or CAE processors. However, sp

solvers 11

The head
diamete

The attr

depth cah be omitted in YMCF file, if their values are given in the catalogue.

hay declare some of them to be mandatory.

s of them plus depth of die are given.

bute die label can be used to refer to a catalogue entpyln this situation, die diameter

ecific FE

, shaft and die labels are very OEM specific. However, to provide.a niinimum amount of information,

hnd die

One level higher, the entire rivet can refer via an attributetoan item that is found in an OEM Spedific PDM
system. [n this case, subtype definition is used from catalogue, too, if present. To maintain consigtency in
such casps, the <rivet/> in xMCF file is not allowed tospecify another subtype than the referred item from
the PDM|system.
General |defaults for attributes are: 0 for numeric values, "" for strings. However, these defaulty are not
always useful for CAE.
EXAMPLE

<conngction 0d label="RVT 2123921">

<3

<
</conf

loc> 1645.83 82T.145 616.585 </loc>

fivet shaft diameter=!3,.35" head diameter="5.5"
<normal_ directien x="0" y="0" z="3"/>
<self piercing)head label="N000000002651"
die_depth=""27)5" die label="Dz11x2,5-0,50"
rivet>

length="4" hardness="410">
shaft label="C"
die_diameter="11" />
ppdata>

appdatax
pection 0d>

9.4.4

polid rivets

Solid rivets require a pre-drilled hole. They can be found in many similar forms, with a cap on one end. The
other end deforms when it is pushed from the other side.

Shafts of solid rivets are typically solid, but can be designed differently in detail, as shown in Figure 13:
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a) Solid rivet b) Semi-tubular rivet c) Shoulder rivet d) Splitrivet

Key dim

~
(s}
<

O© 0 N O U1 o W N =

head diameter

leng
hole
hole

7

Figure 13 — Pictures of characteristic rivet types before and after mounting

bnsions of all these rivets generalize into the diagram shown in Figure 14:
1
. 94‘7‘4\
l \ 4 l
! A ! 7
| e
: | I N
/‘l\ > | »
)l _/‘: Ll
R N T
A ; 4 | 1
I [
3

h

diameter
depth

shoulder length

teno

n length

shoulder diameter

teno

n diameter

head heigt

Figure 14 — Key dimensions of solid rivets
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A solid rivet is denoted by a nested element <so1id/> within <rivet/>. This element is described completely
by its attributes and those of <rivet/>.

The XML specification of the <so1id/> is shown in Table 47:

Table 47 — Attributes of element <so1id/>

Attributes Type Value space |Use Constraint
min_grip Floating point |>0,0 Optional |-
max_grip Floating point |>0,0 Optional |max_grip 2 min_grip
hole_diameter Floating point |>0,0 Optional |-
hole_depth Floating point |>0,0 Optional |-
shoulder_diameter |Floating point |>0,0 Optional |-
shoulder_length Floating point |>0,0 Optional |-
tpnnon_diameter Floating point |>0,0 Optional |-
tennon_length Floating point |>0,0 Optional |-
The follqwing recommendations apply:
a) hold diameter is defined together with hole depth and vice versa.
b) tenron diameter existonly if shoulder diameter is defined and viceyversa.
A I H I | . |
| | | |
! o )
T2
3
‘ i 2

Figure 15 — Relation of working thickness (T1+T2) to max and min values of grip

t and Figure 15 desctibe what the attributes of <rivet/>and <so1id/> correspond to:

grip, max_griprThese two attributes collectively describe the effective grip range.

diameteriThis is the diameter of the hole of the tube. This value is provided in a supplier §

| depthir This is a measure of the hole of the tube. There is no exact relation between hole d

Key
1  rivetllength
2 grip
Figure 1
— min |
— hold
normally.
— hold
grip

rnange. Dependent of the supplier, it can be a length calculation that can result in an advis

tandard

Fpth and
bd clinch

1 1 h | 1 h L | 1 1 1.1 1 el h L £ 1
aHO\/ dlICC DdSCU UI1 UIITC WOI'K UIICKIIESS CLAdICUIdLEU Dy LIIC SUIIT O LIIE LITNICKIICSSES U1 CONHTICLLEU

arts.

— shoulder diameter, shoulder length: The rivet's shoulder sizes. Note that shoulder length is typically

mea

— tennon diameter,

sured next under the head.

tennon_diameter should not exist without a primary shoulder diameter.

tennon_length: These attributes describe the secondary smaller shoulder sizes. A

If a head height exists, sink_size will be 0, and vice versa (see explanation after Figure 9), but there is no
formal constraint in YMCF.

EXAMPLE
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<connection_0d label="RVT_2123921">

<loc> 1645.83 821.145 616.585 </loc>

<rivet shaft diameter="3.35" head diameter="5.5" head height="0.4" length="4">
<solid min grip="3" max grip="3.2" hole depth="0.8" shoulder diameter="3.8"
shoulder length="1.2"/>

<normal direction x="0" y="1.5" z="3"/>

</rivet>
<appdata>

</appdata>
</connection 0d>

9.4.5 Swop rivets

The she

one component material is not suitable to create any alloy with the other part’s material. Thislis
ple, aluminium and steel parts are to be connected. An example of such a method is givén in the
Europeah patent EP 0967044 A2[11],

for exani

Figure 1

Key
1 inse
2 spot

The com
materiall

For this
This insq

Based o
these sh
shape.T
specific.
the attri

A SWOP

et weld opposed plug (SWOP) method is used to connect parts with spot welds in cdsg

1 the description @bove a wide range of insert shapes can be imagined. Therefore, the d
apes cannot be part of the yMCF specification. A shape is referred by a string attribute

However, to.provide a minimum amount of information, some general geometric data are
pbutes inttoduced below.

parameters (such as 1ength or shaft diameter) may be treated as meaningless.

The XML specification of the <swop/> element is shown in Table 48:
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the case,

b shows a cross-section of a SWOP:
1
I o | —-
R\ NN
2

t
veld

Figure 16 — Cross-section of a SWOP rivet
mon technological challenge addressed by SWOP methods is to join a shell component made of a

that cannot be electrically welded (attached part) to a weldable shell component (base parnt).

burpose, a hole in the attached part is filled with a button-shaped insert made of weldable material.
brt is welded to the basé€ part and ensures the connection due to its geometric button shape|

etails of
insert

he possible values of this attribute are not subject of this document. In general, they are very OEM

given by

rivet iS"denoted by a nested element <swop/> within <rivet/>. This element is described completely
by its atfributes and parent element attributes within <rivet/>. In particular, the attributes shaft g
sink size, Tength, head diameter aNd head height Are IMNerited from the <rivet/> etement. Ot

iameter,
er rivet
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Table 48 — Attributes of element <swop/>

Attributes Type Value space Use Constraint
insert_shape Alphanumeric |Alphanumeric Optional |-
insert_height Floating point |>0,0 Optional |-
spotweld_diameter Floating point |> 0,0 Optional |-
spotweld_technology |Selection resistance Optional |-

laser

projection

friction

All attributes of this connection type are optional for importing it into CAD or CAE application. I
some FE|pre-processors may declare some of them to be mandatory.

These atftributes have the following semantics:

— insdrt shape: Identification of the applied insert shape. In the illustrated example, the hole

circ
they

— 1inssg
— spof

— spof

The elenpent <swop/> does not allow any nested elements.

EXAMPLE

<connd

<]

<]
size="0

spotweld technology="resistance" />

<
<

<
</con]

9.4.6

A clinch
method
interlocH

One or nj

lar, but it may have a polygonal shape in order to prevent relative rotation(f the two sheet
were connected by a single framing spot, only.

rt_height: Height of the (unmounted) insert.
weld diameter: Diameter of the spot weld, see 9.2 Spot welds.

weld technology: Technology of the spot weld, see 9.2 Spat'welds.

v

ction 0d label="RVT 2123921">
oc> 1645.83 821.145 616.585 </loc>
ivet head diameter="8.5" head height="0.9" hardness="410" shaft_ diameter="5.4"
3" length="1.5" >
<normal direction x="0" y="0™-z="3" />
<swop insert_ shape="cone.23" insert height="1.8" spotweld diameter="4.5"

rivet>
ppdata>

appdata>

lection 0d>

Clinch rivet studs

rivet stud is‘fixéd to the base metal sheet, typically by cold forming, see Figure 17. This co
does not-need additional components. Special tools are used to plastically form a mgd
 betweenthe pin and the sheet.

However,

appears
s in case

sink

nnection
chanical

ore panels, typically of different material, are attached to the stud and fastened using a coulnterpart

(a coarsd

nut _ora Tucker plqcfir nnf)
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a) Clinched rivet stud (threaded) b) Clinched ball stud

A clinch
describe
part co

For the X

b n il ru_1 Pal Ll 1 - & " .l La b | "l "l L] " 3.1 1L & "l
rigul’c 17 — UIIILIT TIVEL JSTUUS — 1 Hrcducu vdlidIiit 4lia odIi1n sStuua

d completely by the attributes of both XML elements. The attributes shaft diameter, leq
e are inherited from the <rivet/> element.

ML specification of <clinch rivet stud/> element, see Table 49:

Table 49 — Attributes of element <clinch rivet_ftid/>

rivet stud is denoted by a nested element <clinch rivet stud/> within <rivet/>.‘This element is

gth, and

A

ttributes Type Value space Use Constraint

1

ress_in_force Floating point |>0,0 Optiond]

All attrilputes of this connection type are optional for importing itdinto CAD or CAE application.

These at|

— presg

The elenpent of <clinch rivet stud/>does not allow‘any nested elements.

The dire

EXAMPLE

<conng
<]
<]

<
<

<
</coni

9.5 Tk

tributes have the following semantics:

s_in_force: The force used to clinch the stud into the base sheet. For its unit, see 7.2.5 Unif

v

ction 0d label="CNB 2123921'>

oc> 1645.83 821.145 6168585 </loc>

ivet shaft_diameter="4.0" length="6.0" >
<normal directilon) x="0" y="0" z="3" />
<clinch_rivet stud press_in force="2000"/>

rivet>

ppdata>

appdata>
lection 0d¥

ireaded-connections — Bolts and screws

9.5.1

Feneral

system.

ction sense of <normal direction/> is towards the base sheet, where the rivet penetrates the metal.

Bolts and screws are probably the most well-known connection techniques. However, a closer look at their
details is necessary. Screws and bolts are differentiated as follows (see also Figure 18):

— Bolts are used for assembling unthreaded components, with the aid of a nut.

— Screws are used in components which contain their own thread. The screw may even cutits own internal
thread into them.
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a) Bolt representation b) Screw répresentation

Key
1  head washer
2 head diameter
3 dianjeter
4  nutdiameter
5 nutyasher
6 length

Figure 18 — Bolts and screws

Figure 1P depicts different screw formes:

2 b c d e f

[ 2N 2 2

Butto rsunk
(oval) Raised

Key

Figure 19 — Different screw forms

Figure 20 explains the definition of length and head sizes:
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Key N
1 flat-head (b‘]?‘)
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5 head height %
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O
Figure 20 — Definition of length ead sizes
D
Figure 2|l visualizes the definition of lead, pitch and starts éﬁ thread:
)
a2 o a2
4\
xO
O
o
1C @ 1L
one start O two starts
Key O ’
1 lead C)\
2 pitch Q9
?§Q Figure 21 — Definition of lead, pitch and starts of a thread

9.5.2 Comtactsamdfriction

Self-loosening of screws and bolts must be prevented. Static friction, together with pretension, is a major
means against it. However, kinetic (or dynamic) friction also has some relevance in CAE processes. Therefore,

both friction types need to be supported by xMCF.

The syntax for this has already been addressed in 7.4.3 .so the focus is on application details, now.

Friction occurs between any two objects in contact. In case of bolts and screws, these contacts are usually

obtained between:

a) head and washer (a washer is loose if it is not fixed to the head or shaft),
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washer (if there is one) and first connected part, or else,

head and first connected part [applicable only if not case b)],

the connected sheets,

last connected part and loose washer (if there is one),

washer (if there is one) and nut,

last connected part and nut [(applicable only if not case f)],

screw and cut thread, or bolt thread and nut thread.

Consequlently, xMCF assigns friction attributes to:

For head
xMCF. Cd

EXAMPL

<conng

head
was
any

the ¢

<c

</

<c

|s and nuts, applying to their contacts to either washers or adjacent parts,
hers, applying to their contacts to adjacent parts (not counting head or nut),
rontact between each two adjacent parts (addressed by 7.4.3.6),

hread (addressed by 9.5.3 below).

s (as a constituent part of a screw or bolt), nuts and washers, there are specific XML ele
rresponding friction attributes are located, there.

£ 1 Bolted Joint with washer definition

ction group id="1">

nnected to>

<part index="1" label="PART 7000400"/>
<part index="2" label="PART 7100100"/>
<part index="5" label="PART 5000300"/>
<part index="6" label="PART 5000800" />
onnected to>

nnection list>

connection 0d label="BOLT 135"> <!“- bolt with washers -->
<loc> 84 60 10 </loc>

<!-- Friction is "head to washer": -->

<threaded connection length="50"
static friction="0.8"
eligead static friction="0.8">

<normal directiop'x="0" y="0" z="-10"/>
<!-- Washer next“#o head with its friction to 1lst part -->
<washer outer\dlameter="20" attached="false" static friction="0.8" />
<bolt>
<!-- Ffigtion is "nut to washer" -->
<nut dilameter="16." static friction="0.8">
<I&= Washer next to nut with its friction to last part -->
<washer outer diameter="25" attached="false" static_friction="0.8" />
/nut>
</bolt>

<fAtRreaded connection>

ments in

bulltﬂbt_ld..ﬂt L\J\/Ql u“tc\\,t \J‘.CfJ‘_llJ‘_tJ‘_Ull, aC TCUL LJJl_ll\j t\J \,lau T e I e
<contact>
<partner part index="1"/>
<partner part index="2"/>
<coefficients static friction="0.8"/>
</contact>
<contact>
<partner part index="2"/>
<partner part_ index="5"/>
<coefficients static friction="0.8"/>
</contact>
<contact>
<partner part_ index="5"/>
<partner part_ index="6"/>
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<coefficients static_friction:"0.8"/>
</contact>
</contact_list>

</connection_ 0d>
</connection list>
</connection group>

EXAMPLE 2  Bolted Joint without washer definition but with global and local contact definition, plus thread contact.
Local contacts override global contacts.

<connection group id="1">

<connected to>

part 1Nndex="1 Label="FARKT 7UUU2UU
<part index="2" label="PART 7100100"/>
<part index="5" label="PART 5000300"/>
<part index="6" label="PART 5000800"/>
</¢onnected to>

<c¢ntact_list> <!-- Global Contact Properties, for the whole connector group --p
<contact>
<partner part index="1"/>
<partner part_ index="2"/>
<coefficients static_friction="0.8"/>
</contact>
<contact>
<partner part_ index="2"/>
<partner part_ index="5"/>
<coefficients static friction="0.8"/>
</contact>
<contact>
<partner part_ index="5"/>
<partner part index="6"/>
<coefficients static friction="0.8"/2
</contact>
</¢ontact_list>

<c¢nnection list>

connection 0d label="BOLT 135"> <h* bolt without washers -->
<loc> 84 60 10 </loc>
<!-- Friction "head to first\pdart" and "thread to nut": -->

<threaded connection length="50"
statiec friction="0.8"
thread static friction="0.8">

<bolt>
<!-- Friction\ls "nut to last part" -->
<nut diamefek="16." static friction="0.8"/>
</bolt>

</threaded cdognection>

<contact_4ist> <!-- Local Contact definition, according to clause 7.4.3.2 -->
<contact>
Kpartner part index="1"/>
<partner part:indexz"2"/>
<coefficients static_friction="0.9"/>

</contact>
(/nnni—an{- list>

</connection 0d>
</connection list>

</connection group>
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9.5.3 Definition of element <threaded connection/>

9.5.3.1 General

Due to their similar characters, bolts and screws share a couple of common attributes. To avoid redundancy,
they are subsumed beneath a common, more abstract XML element <threaded connection/>. Its nested

elements are listed in Table 50:

Table 50 — Nested elements of <connection 0d/>for <threaded connection/>

Nested elements Multiplicity Use Constraints / Remarks
threaded—commection T Optiomat =

Hoc 1 Required -

Appdata 1 Optional See 7.3.2.

Hemdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5.

9.5.3.2 | Element <10c/>

The syntlax of this element is described in the corresponding 9.1.2 Location:

9.5.3.3 | Element <appdata/>

This follpws the syntax as defined in 7.3.2 User specific data <appdata/>.

9.5.3.4 | Element <femdata/>

This follpws the syntax as defined in 7.3.3 Finite element specific data <femdata/>.

9.5.3.5

The XMI specification of the <threaded conp&ction/> element is shown in Table 51:

Element <threaded connection/>

Table 51 — Attributes of element <threaded connection/>

Attributes Ty;@v Value space Use Constraints / Remarks

djameter Floating point |> 0,0 Optional

leingth Floating point |> 0,0 Optional -

thread_length Floating point |>0,0 Optional |[length = thread_length

h¢ad_diameter Floating point |>0,0 Optional -

h¢ad_height Floating point |2 0,0 Optional Ifatleastone of themis specifigd,
head_height + sink_size >|0
is required.

Headhtype Alphanumeric |Alphanumeric |Optional -

sink_size Floating point |2 0,0 Optional Usually, sink_size > 0 implies
no washer.

Pitch Floating point |> 0,0 Optional Notto be confused with “lead”.

Lead Floating point |> 0,0 Optional In case of single-start, thread
form pitch is equal to lead. The
default value is equal to pitch
attribute.

Torque Floating point |>0,0 Optional -

angle Floating point |> 0,0 Optional -

pretension Floating point |> 0,0 Optional -

© IS0 2024 - All rights reserved

50



https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

ISO/PAS 8329:2024(en)

Table 51 (continued)

Attributes Type Value space Use Constraints / Remarks
static_friction Floating point |> 0,0 Optional

kinetic_friction Floating point |> 0,0 Optional -

thread_static_friction Floating point |>0,0 Optional

thread_kinetic_friction |Floating point |>0,0 Optional

strength_property_class |Alphanumeric |Alphanumeric |Optional -

part_code Alphanumeric |Alphanumeric |Optional -

These attributes have the following semantics:

— dian

simylation types can live without it.

— leng

— thrH4
Scre,
this

— head
— head

— head

plus
appt

— sinK
— pitd

— lead
Leag
ofte
whe

— torg
— angl
— pref
— stat
— kind

— thrH4

eter: the diameter of the bolt or screw. It should be provided, since, for example only

th: the length of the bolt or screw (see Figure 20).

ad_length: the length of the thread of the bolt or screw. It is only needed ifnease of a partig
w. In case of a full-thread screw, thread continues from tip to head, without a non-threaded
situation, thread length = length - sink size applies.

| diameter: the diameter of the head of the bolt or screw.
height: the height of the head.

» o«

| type: Type of screw head, e.g. “outer hexagonal”, “flanged-hex/Phillips-head combi”, “exte
. Since there is a wide and ever-increasing variety of\screw head types, an alphanumeri
opriate for this attribute.

size: the size of the head that is sunk (for countersunk screws).
h: is the distance from the crest of one thread to the next (see Figure 21).

: is the distance along the screw's axis that is covered by one complete rotation of the screy
| and pitch are parametrically related by the number of starts (number of single thread
n is 1, in which case their relationship becomes equality. In general, lead is equal to S tim
e S is the number of starts.

ue: The torque which should'be applied when fastening the bolt or screw.

e: The turning angle(which should be applied when fastening the bolt or screw.
ension: The pretension which is generated within the bolt or screw when fastening.
ic_friction¢The static friction between head and adjacent washer or part.

tic_ frie¥ion: The kinetic friction between head and adjacent washer or part.

a@’ static_friction: The staticfriction between screw and cut thread, or bolt thread and nu

few CAE

I-thread
| area. In

'nal torx
C type is

v (360°).
. It very
es pitch,

tthread.

— thread kinetic friction: TheKkineticfriction betweenscrew and cutthread, orboltthread and nutthread.

— strength property class: Strengthaccording to applied standard within a unique part supplier or OEM.

— part code: the part code of the bolt or screw, as used e.g. in a PDM system. It can be convenient to use the
screw norm (according to e.g. ISO, EN, BSW, DIN) as part code.

Torque, pretension, and angle interact as follows:

— torgue is only applied if no pretension is given.

— angle is only applied if torque is given, and no pretension is present.
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For bolts as well as screws, it is recommended to provide the direction of fixation. Therefore, <threaded
connection/> offers following nested elements (see Table 52):

Table 52 — Nested elements of element <threaded connection/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
tangential_direction 1 Optional -
bolt screw 1 Required Exactly one of these elements.
Washer 1 Optional -
9.5.3.6 | Element <normal direction/>

The dirg
orientat

ction of the bolt or screw is described by the element <normal direction/> in.the for
on vector. This is necessary to define the orientation of the bolt or screw and therefore, wj

m of an
hich end

is considered to be the connection’s head-side. The orientation sense of the bolt is “fremhead to nut” and of

the screy
Refer to
Element

The nest

v is “from head to point”.
D.1.3 for syntax of element <normal direction/>.
5 <bolt />, <screw/>and <washer/> are described in the following subclauses.

ed element <washer/> refers to the washer next to the head of 4. screw or bolt.

All attrilputes of threaded connections are optional for import to-€AD or CAE processors. However] specific
FE solvel's may declare some of them to be mandatory.
General flefaults are: 0 for numeric values, "" for strings. However, these defaults are not always useful for CAE.
9.5.4 Washer
Bolts anfl screws are frequently combined with washers. Therefore, we define the XML element <washer/>,
see Tabl¢ 53:
Table 53 ‘= Attributes of element <washer/>

Attributes Type Value space Use Constraints / Remarks

oliter_diameter |Floatingpeint >0,0 Required -

inner_diameter |Floating point >0,0 Optional Usually NO inner diameter|if

attached.
thickness Floating point >0,0 Optional -
afitached Boolean "false” (default),|Optional -
"true"

sfatic_friction Floating point  |> 0,0 Optional -

kinetie_friction |Floating point >0,0 Optional -

st rnhgfh_prnpnr- A]phnnnmnvir Alph:\nnmnvir ﬂpfinna] -

ty_class

part_code Alphanumeric  |[Alphanumeric Optional NO part code, if attached.

These attributes have the following semantics:

outer diameter: the outer diameter of the washer. This value is mandatory.
inner diameter: the inner or hole diameter of the washer.
thickness: the thickness of the washer.

attached: true, if and only if the washer is firmly attached to the screw head or nut.
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— static_friction: the static friction between this washer and its adjacent part (not head or nut).

— kinetic friction: the kinetic friction between this washer and its adjacent part (not head or nut).

— strength property class: Strength according to applied standard within a unique part supplier or OEM.

— part code: the part code of the washer, as used, e.g. in a PDM system. It can be convenient to use the
washer norm as part code.

The element <washer/> does not allow for any nested elements.

9.5.5 Nut

Any bolf

element

Table 54 — Attributes of element <nut/>

requires a nut. But since nuts may have several own attributes, xMCF defines a separjate XML
for them (see Table 54)

Attributes Type Value space Use Constraints /' Remarks
dfameter Floating point >0,0 Optional -
height Floating point >0,0 Optional -
tqrque Floating point >0,0 Optional S
angle Floating point >0,0 Optional -
stiatic_friction Floating point >0,0 Optional -
kinetic_friction |Floating point >0,0 Optional -
clipped_to Integer >0 Optional -
fiked_to Integer >0 Optional -
sfrength_proper-|Alphanumeric Alphanumeric Optional -
ty_class

part_code Alphanumeric Alphanumeric Optional -

These atftributes have the following semantics:

dianjeter: the diameter of the nut.

heigdht: the height of the nut.

tordue: the torque which sheuld be applied when fastening the nut.

anglle: the turning angle“which should be applied when fastening the nut.

statlic frictionsLhe static friction between the nut and the adjacent washer or part.
kindtic_ fri¢hion: The kinetic friction between the nut and the adjacent washer or part.
cligped, kot If this attribute is given, the nut is fixed with a clip, or it is clinched, or it is a clig itself. It

is cljpped to the flange partner with the index given as attribute value (see 7.4.2.2). If this atffribute is

e tha ot 1o oo ol o d A s and £ Lin chaorn o mrarktcada 1o by o oo d dt
mlS;_ llls’ CIIC ITITUL 1O 11U blll.ltlbu 1IIrc llu\. daIrru LtIIce Llltl JlIIdrc d bUAlllllUll t}ul CLUUL, I.C. Lllb)’ arc I L/Ear e O

be one single part;

fixed to:Ifthis attribute is given, the nutis firmly fixed by welding or clinching to the flange partner with
the index indicated by the attribute’s value (see 7.4.2.2). If this attribute is missing, the nut is not fixed.

strength property class:strength according to applied standard within a unique part supplier or OEM.

part_code: the partcode of the nut, as used, e.g. in a PDM system. It can be convenient to use the nut norm
(according to e.g. ISO, EN, BSW, DIN) as part code.

Usually nut fixed to prohibits nut clipped to and vice versa.
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Usually nut clipped to or fixed to prohibits bolt clipped to or fixed to and vice versa.

There are other means of fixating nuts to sheets as well, such as punching or riveting.

The element <nut /> allows for the following nested elements (see Table 55):

Table 55 — Nested elements of element <nut/>

Nested elements Multiplicity Use Constraint

Washer 1 Optional -

The nested element <washer/> refers to the washer next to the nut of the bolt.

9.5.6

Bolt

9.5.6.1 | General

A bolt

cqnnection is denoted by an element <bo1t/>. This element is described completely by its a

and nestled elements.

9.5.6.2 | Element “bolt”

For the qbo1t/> element, the following attributes can be specified (see Table 56):

Table 56 — Attributes of element<bo1t/>

Ftributes

Attributes Type Value space Use Constraint
clipped_to Integer >0 Optional -
fiked_to Integer >0 Optional -

The folldwing list explains these attributes:

— cligd
If th

meajns they are regarded to be one single part.

—  fixsg

Thiq also applies if there is po.screw head at all, which means that this bolt actually is a fixed
stud. If the attribute is missing, the bolt is not fixed.

There isjno “base” attribute®or bolts since this information can be derived from connection directi

Usuall

The ele

yrIolt fixed teprohibits bolt clipped to and vice versa.

ent <boXt > allows following nested elements (see Table 57):

Table 57 — Nested elements of element <vo1t/>

ped_to: The head of the bolt is fixed with a clip to the flange partner with this index (see
e attribute is missing, the bolt is ndtsclipped. Both, bolt and clip, share a common part cod

d_to: The head of the bolt is\fixed (e.g. welded) to the flange partner with this index (see

74.2.2).
e, which

7.4.2.2).
bolt, or a

n.

Nested elements Multiplicity Use Constraint

Nut 1 Optional

The nested element <nut /> refers to the bolt’s nut. This, in turn, may contain a nested element <washer/>.

The nested element <nut/> is required by the definition of a <boit/>. The nut itself (respectively its
part_code or property) is not allowed to be mentioned in element <connected to/> of the <connection
group/> containing the <bo1t/>. This allows keeping other connection types (e.g. glue, rivets) in the same
<connection group/>.
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<connection 0d label="BOLT 100532">
<threaded connection diameter="10.0" length="50.0"

head diameter="16.0" head height="5" sink size="3">

<normal direction> x="3.0" y="0.0" =z="0.0"/>

<!-- magnitude is irrelevant, direction sense is from head to nut -->
<bolt>

<nut diameter="16." height="5">

<washer outer diameter="20"/>

</nut>
</bolt>

<washer outer_d1ameter="zo">

<{threaded connection>

A

loc> 1500.3 838.7 730.6 </loc>

<gppdata>

<fappdata>

</conpection 0d>

1<)

EXAMPL

<conngction 0d label="BOLT 135">
<threaded connection diameter="10.0" length="50.0"

head diameter="16.0" head height="5" thread length="35"
torque="80" angle="30" pretension="1200" part code="M»0x50 12.9" >

<normal direction x="0" y="0" z="-10"/>
<!-- Washer next to head -->
<washer outer diameter="20" inner diameter="103:3" thickness="1.5"

attached="false" part code="M10x20x1.5"/X

<bolt fixed to="1" >

<nut diameter="16." height="5" static(friction="0.8">

<!-- Washer firmly attached to wut -->
<washer outer diameter="25" thickness="1.5" attached="true"/>
</nut>
</bolt>
<{threaded connection>
<loc> 1500.3 838.7 730.6 </logc>
<gppdata>
<[fappdata>

</conpection 0d>

EXAMPL

TrT

<conng
<1

ction 0d label="BQLT 135">
hreaded connectdidn length="50" diameter="10"

head diametfen="16" head height="5" thread length="35"

torque="8Q") angle="30" pretension="1200" part code="M10x50 12.9">

<normal_Wdrection x="0" y="0" z="-10"/>

<!-- Washer is part of the head, so it cannot have part code -->

<washe&r outer diameter="20" inner diameter="10.3" thickness="1.5"
attached="true"/>

Lbalt>
<nut diameter="16." height="5" static friction="0.8" clipped to="4"/>

3 2
O L C

</threaded connection>
<loc> 1500.3 838.7 730.6 </loc>
<appdata>

</appdata>
</connection 0d>

EXAMPLE 4

Bolted joint with maximum parameter usage

<?xml version="1.0" encoding="iso-8859-1" standalone="no"?>

<xmcf xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalLocation="xmcf 3 1 1.xsd">
<version> 3.1.1 </version>
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<date> 2016-01-08 </date>
<units length="mm" angle="deg" mass="kg" force="N" torque="Nm" time="s"/>
<connection group id="1">
<connected to>
<part index="1" label="PART 7000400"/>
<part index="2" label="PART_7100100"/>
<part index="5" label="PART 5000300"/>
<part index="6" label="PART 5000800"/>
</connected to>
<connection_list>
<connection 0d label="BOLT_ 135"> <!-- bolt with washers -->
<loc> 84 60 10 </loc>
<!-- Friction between "head to washer" and " thread and nut ": -->
<threaded connection diameter="10" length="50" thread length="26"

k) el - nlcon L) e L AL i 1l 1
Toac dgranccrcer 1O Tcad lTeTgIIc . O. = Teac cype. nexXagonaT

sink size="0" pitch="0.75" lead="1.5"
torque="20" angle="35" pretension="180"
static friction="0.8" kinetic friction="0.6"
thread static friction="0.6"
strength property class="8.8"
part code="M10x50 8.8">
<normal direction x="0" y="0" z="-10"/>
<!-- Washer next to head with its friction to lst partes=>
<washer outer diameter="20" inner diameter="10.4" th#dkness="1.25"
attached="false"
static friction="0.8" kinetic friction="0.6"
strength property class="8.8"
part code="wW20/10.4x1.25 8.8"/>
<bolt>
<!-- No Friction nut to washer, since washer is attached! -->
<nut diameter="16." height="6.4"
torque="20" angle="35"
clipped to="6"
strength property class="8.8"
part code="N10 8.8">

<!-- Washer attached to nutvwith its friction to last part -->
<washer outer diameter="25" attached="true" static friction=".8"
</nut>
</bolt>

</threaded connection>

<contact list> <!2xN\friction between adjacent flange partners —-->
<contact>
<partner part.index="1"/>
<partner_ fart index="2"/>
<coeffidients static friction="0.8"/>
</contact>
<contact>
<panther part index="2"/>
gpertner part index="5"/>
<Coefficients static friction="0.8"/>
£Jcdéntact>
<contact>
<partner part_index="5"/>
<partner part index="6"/>
<coefficients static friction="0.8"/>
</contact>
contact 1ist

</connection 0d>
</connection list>
</connection group>
</xmcf>

9.5.6.3 Possible bolt and screw assemblies
XMCF recognizes the following mounting constellations:

a) Bolt with welded nut (to the bottom sheet), see Figure 22:
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<conngction 0d label="BOLT 135">

</confpection 0d>

b) Bolt|with clipped nut (clipped to the bottom sheet): This.is‘the same constellation, only fi
replpced by clipped to.

¢) Bolt|lwith free nut (not clipped, nor welded to the bottom sheet), see Figure 23:

d) Screw (screwed tocthélast sheet), see Figure 24:

ISO/PAS 8329:2024(en)

A7
AN

&

Figure 22 — Bolt with welded nut

EXAMPLE 1

<threaded connection diameter="10.0" length="50.0"
head diameter="16.0" head height="5" thread length="35"
torque="80" angle="30" pretension="1200" part code="M10x50 12.9" >
<normal direction x="0" y="0" z="-10"/>
<!--No Washer in this case-->
<bolt>
<nut diameter="16." height="5" fixed to="3" />
</bolt>
<{threaded connection>
<loc> 1500.3809 838.75885 730.6529 </loc>
<gppdata>

<fappdata>

A
&l

Figure 23 — Bolt with free nut

Since both the scréwyand the nut are free, there isno fixed tonor clipped to attribute.

) |

ed to is

N ANNNNNN
T K,

Figure 24 — Screw

EXAMPLE 2

<connection 0d label="SCREW 139">

<threaded connection diameter="10.0" length="50.0"
head diameter="16.0" head height="5" thread length="35"
torque="80" angle="30" pretension="1200" part code="M10x50 12.9" >
<normal direction x="0" y="0" z="-10"/>
<screw base="3"/>
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</threaded connection>
<loc> 1500.3809 838.75885 730.6529 </loc>
<appdata>

</appdata>
</connection 0d>

e) Welded stud (with a free nut, of course), see Figure 25:

7
N
2

R
ez

EXAMPL

<conng
<1

<
<
<

<
</con]

Figure 25 — Welded stud with free nut

T21

3

ction 0d label="BOLT 135">
hreaded connection diameter="10" length="50" head diameter="N6" head height="5"
thread length="35" torque="80" angle="30" pretension="1200"

part code="M10x50 12.9">

<normal direction x="0" y="0" z="-10"/>

<!--No Washer in this case-->

<bolt fixed to="1" >

<nut diameter="16." height="5" />

</bolt>

threaded connection>

loc> 1500.3809 838.75885 730.6529 </loc>

ppdata>
appdata>
plection 0d>

f) Plain stud (with a nut on one end, screwed into a part on the opposite end), see Figure 26:

These st
may bec

&
|
|

(L]

P d
Figure 26 — Plain stud

ids atenot a feature of YMCF version 3.1.1 and below. They can be modelled according to ca
bme ‘a topic of a future yMCF version.

se d) but

In all cases, the <connected to/>element contains only the assemblies, part codes or PIDs of the connected sheets.

9.5.7 Screw

9.5.7.1

General

A screw connection is denoted by an element <screw/>. This element is described completely by its attributes

and nest

ed elements.
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For the <screw/> element, the following attributes can be specified (see Table 58):

Table 58 — Attributes of element <screw/>

Attributes

Type

Value space

Use Constraint

base

Integer

>0

Optional -

— base: theindex (see 7.4.2.2) of the flange partner, which is carrying the thread. If the attribute is missing,
the threaded part has to be derived from the connection direction.

Specific pubtypes of screws are defined by adding related nested elements, listed in the following,T3

Table 59 — Nested elements of element <screw/>

hble 59:

Nested elements

Multiplicity Use

Constraint

flow_drilled

1-* Optional

The subflypes are described in detail in the subclauses below.

EXAMPLE 1  Screw without attributes

<conngction 0d label="SCREW 100532">

<appdata>

</appdata>
</conpection 0d>

EXAMPLE 2 Screw with “base” attribute and'with washer)

<conn¢ction 0d label="SCREW 100532">

<{threaded conn&cfion>
<Joc> 1500.3808%\838.75885 730.6529 </loc>

A

ppdata>
<fappdatax
</confectioh 0d>

EXAMPLE 8~ "Screw with attributes but without washer

<threaded connection length="50." diameter="10"
head diameter="16." head height="3" sink sizezZ™">
<normal direction x="3.0" y="0.0" z="0.0" /X
<!-- magnitude is irrelevant,
<screw /> <!-- Screw may come without any attributes -->
<washer outer diameter="20"/>
</threaded connection>
<loc> 1500.3809 838.75885 730.6529 </locx

direction sense is from head to point -->

<threaded connection lengfh="50" diameter="10"
head diameter="16'\ head height="5" thread length="35">
<normal_direction x="0" y="0" z="-10"/>
<washer outer (didmeter="20" inner diameter="10.3"/> <!--Washer next to head
<screw base="5" />

<connection 0d label="SCREW 100532">
<threaded connection length="50" diameter="10"
head diameter="16" head height="5" sink size="1" thread length="35" >

<normal direction x="0" y="0" z="-10"/>

<screw base="5" />
</threaded connection>
<loc> 1500.3809 838.75885 730.6529 </loc>

<appdata>

</appdata>
</connection_ 0d>
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9.5.7.3 Flow drilled screws (FDSs)

9.5.7.3.1 General

A flow drilled screw (FDS) is applied by a process called “friction drilling”, see Figure 27 and Figure 28.

i g i

il @ j

\/ ¢

a) Placipg screw (with speed and b) Heating, forming material

Figure 27 — Process of flow drilled screwinhg (FDS)

1

™

== ==

JVA‘T

Key
1  thread length
2 length

Figure 28'— Measures of an applied flow drilled screw (FDS)

The basi[,steps in the FDS-process are:

a) applying rotatiohatvelocity and pressure,

b) heatiing the target sheet metal (or without pre-punching both sheet component) by the tool anc

through,

c) tapping’the screw thread,

R

c) Forming thread and tighten
pressure) screw

| melts it

d) tightening the screw and applying proper torque to create the desired connection.

The FDS combines the tool with the screw. The screw itself drills its hole and shapes its thread.

9,5.7.3.2 Element “flow_drilled”

For the <flow drilled/> element, the following attributes can be specified (see Table 60):
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Table 60 — Attributes of element <f1ow drilled/>

Attributes Type Value space Use Constraint

pre_machined_hole_diameter |Floating point |2 0,0 Optional -

pre_machined_hole_index

be connected.

Integer >0 Optional Exists only if <connected to/>
properly filled out with parts to

pilot_hole_diameter Floating point [20,0 Optional Its definition depends on the ap-

plied FDS type.

— pre machined hole diameter: In order to facilitate the penetration of the metal sheet by the tip of the
FDS, achi i ati pens in the
phas gdlirection
and freates a bulge (dyy) that has to be accommodated by the clearance-hole (dp). The defaultalue is 0,0,
whi¢h means “no pre-machined hole or clearance hole”, see Figure 29:

dp
dw o
|
I ' 4
£ N
L2

— pre [machined hole index: If pre machined hole diameter > 0,0, then the hole is in the flangg

Figure 29 — FDS connection with pre-machiined clearance hole

partner

witl} index pre machined hole index (see 7.4.2.2). Ifthe attribute is missing, this informati¢n is not

(yet

— pildt hole diameter: This hole diameter (dy)is-defined in case the applied FDS type requires

hole

The elenjent <f1om@rilled/> does not allow for any nested elements.

EXAMPLE

<conng

available.

on the sheet metal that is to be formed during the process, see Figure 30:
dp
d
\% 4
|
Y2 | %)
A ] AN
I )

Figure 30 — Pilot hole on sheet metal

v

ctidon 0d label="FDS 96930">

<

hreaded connection length="50" diameter="10"
head diameter="16" head height="5" sink size="1" thread length="35" >
<normal direction x="0" y="0" z="-10"/>
<screw base="1">
<flow drilled pre machined hole diameter="18.0"
pre machined hole index="1" pilot hole diameter="12.0" />
</screw>

</threaded connection>
<loc> 1500.3809 838.75885 730.6529 </loc>
<appdata>

</appdata>
</connection 0d>
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9.6 Gum drops

A gum drop, or adhesive point, is denoted by an element <gumdrop/>. This element is described completely
by its attributes and nested elements, see Table 61.

Table 61 — Nested elements of <connection 0d> for <gumdrop/>

Nested elements Multiplicity Use Constraints / Remarks
gumdrop 1 Optional -

Loc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5.

The XMIf specification of <gumdrop/> is shown in the following Table 62:

Table 62 — Attributes of element <gundrop/>

Attributles Type Value space Use Constraint
Diameter Floating point >=0,0 Optional -
Mass Floating point >=0,0 Optional <
Material Alphanumeric Alphanumeric Optional -

The follqwing list explains the attributes:

— dianfeter: The diameter of a gumdrop is specified by the attribute diameter for the child element of
<corjnection_0d/>. It specifies the diameter of the adhésive material after manufacturing.

— masd: the mass of the glue attached.

— matdrial: the name of the adhesive material according to CAD/PDM. For CAE applications, another label
fronp a reduced data base may be applicable-This can be stored in this case in <appdata/> or fcustom
attyibutes/>, see 8.6.

The elenpent <gumdrop/> allows for following nested elements (see Table 63):

Table-63'— Nested elements of element <gundrop/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
thngential_direction 1 Optional -

EXAMPLE

<conngction,0d label="DROP 2123921">

<|-—-""Assumed Unit system with mass attribute with value="kg" -->
<gumdrop diameter="5.0" mass="0.0033" material="CAD Material" />
<IOCT 1042.05 ©oZ1.145 ©l0.250D 1OC
<appdata>
</appdata>

</connection_ 0d>

9.7 Clinches

Clinching is a mechanical, cold forming fastening method to join sheet metal without additional components,
using special tools to plastically form a mechanical interlock between the sheets.
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In general, clinching is used for light metal materials, as these can only be welded in poor quality or not at all.
This joining technique can also be a cost-effective alternative to spot welding for specific steel structures.
Such joints can typically be found on air conditioning tube fixations or air bag assemblies.

As aresult, the cross-section of a clinch can look as shown in Figure 31:

2
1 —»
| t
pal | -
Sy | S =
!
3 T
Ll.
6 5
R .
Key
1  pungh side material
2  neck
3  die slide material
4 cap thickness
5 intefflock
6  buttpn diameter

Figure 31 — Clinch joint dimensions

Figure 3P illustrates typical tool arrangements around a to-be clinch:

lm/l\iﬁ
"‘&F’:’J R

L
/n
4
3
Key
1 pungh
2 clindhjoint
3 fixed die
4  operjablé die

Figure 32 — Two example clinch systemsl[12] (TOX (left) and BTM’s Tog-L-Loc system)

If such a cross-section is rotated around its vertical axis, a pan-shaped round clinch results in three
dimensions. Alternatively, this cross-section can be regarded as the view at an open edge of two stacked
sheets. The shape’s height reduces, as the section proceeds “behind the paper”, resulting in a wedge-shaped
3-dimensional contour.

A wide range of geometrical shapes, produced by as many different tools, is possible. Therefore, an
enumeration of all clinches cannot be provided. They shall be described by OEM-specific alphanumeric
names. The same is valid for the strength of the clinch, in terms of its strength class.
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A clinch is denoted by an element <c1inch/>. This element is described completely by its attributes and
nested elements, see Table 64 and Table 65:

The XMIf specification of the <c1inch/> element is shown in Table 65:

Table 64 — Nested elements of <connection 0d/>for <clinch/>

Nested elements Multiplicity Use Constraints / Remarks

clinch 1 Optional -

loc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
storr—attribttestHst— Bptiotrat See-8-5-

Table 65 — Attributes of element <c1inch/>

Attributles Type Value space Use Constraints /Remarks

clinch_tyjpe Alphanumeric Alphanumeric Optional -

strength| class Alphanumeric Alphanumeric Optional It is dependent from the appli¢d punch
diangeter and part materials

shear_strength Floating point >0,0 Optional -

peel_str¢ngth Floating point >0,0 Optional -

button_diameter Floating point >0,0 Optional Dependent of punch diameter gnd sheet
thicknesses

die_type| Alphanumeric Alphanumeric Optional "round” or “rectangular”

The follgwing list explains the attributes:

clirfch type:the alphanumeric name of the cliniglt! This document refers to two systems which are called

“TOX” and BTM’s Tog-L-Loc or Lance-N-Locl12I'system. The main difference is that the TOX sys
a fixed die, whereas the BTM system employs an extending die (see Figure 32). For more pro
systpm details, refer to the documentation and website information of the specific clinch eqg
lier.

eavyDuty (HD) punchesare 6,4mm/0,25"indiameterand areused formaterialup to 0,35 mf
hick. A HD joint is.typically twice as strong as an equivalent MD joint.

edium Dutyy(MD) punches are the most common and are approx. 4,6 mm/0,18" in diamete
sed for materials which are between 0,20 mm/0,075" and 0,025 mm/0,010" thick.

ightDuty (LD) punchesare 3,0mm/0,12"indiameterandare used for materialsup to 0,08 mr
hiek.\LD joints are typically half as strong as a MD joint.

fem uses
cess and
uipment

flinching
| as:
n/0,135"

rand are

h/0,032"

shea :
defined as maximum measured force during the test process.

peel strength: Pull failure in peeling test is where the joint pulls apart leaving “male” and
parts. Itis defined as maximum measured force during the test process.

putton diameter: The applied button diameter to create this joint. The following example formu
used: Dy iton = dpom * 1,4, where d, .. is the punch diameter.

rial. It is

“female”

lacanbe

die type: The “round” dies (three and four blades) are used for drawable materials (like mild steel and
aluminium). The “rectangular” dies (two blades) are used for hard materials (materials that do not draw

very well) such as stainless steel.
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If possible, a clinch should know the direction of fixation, therefore, possess a nested element <normal
direction/>. However, this is not mandatory in order to allow for importing incomplete data. Direction sense
of <normal direction/> is from punch to die, which represents the direction in which metal is displaced.
The direction element definition can be found in 9.1.3.

There is no “base” attribute for clinches since this information can be derived from connection direction.

The element <c1inch/> allows for following nested elements, see Table 66:

Table 66 — Nested elements of element <clinch/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
thngential_direction 1 Optional -

EXAMPLE

<conngction 0d label="CLINCH left 2123521">
<|-- Unit definition and connected to is important for clinch -->
<¢linch clinch type="TOX" button diameter="3.0"

strength class="HD" shear strength="890" peel strength="356">

<normal direction x="0" y="0" z="-10"/>

<fclinch>

<Joc> 1645.83 821.145 616.585 </loc>

<gppdata>

<fappdata>

</confpection 0d>

9.8 Heat stakes / Thermal stakes

Heat stakes are a well-known joint type to connect a shell-type part with a thermoplastic other part| For this
purpose| the thermoplastic part is manufactured with appropriate stakes, see Figure 33:
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Figumg‘% — Heat stakes — Process steps and design dimensions

of this ¢ %ggction around its vertical axis yields a round shape in three dimensions. This
com though not mandatory. A wide range of other geometrical shapes, produced by
to possible.

e,%n enumeration of all heat stake types cannot be provided. They shall be described

shape is
as many

by OEM

specific alphanumeric names (e.g. flared, domed, knurled, hollow, flush). The same is valid for the strength of
the connection, in terms of its force-displacement diagram.

Heat stakes cannot be disassembled without irreversible damage to (at least) the thermoplastic part.

The element <heat stake/> is described completely by its attributes and nested elements (see Table 67):
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Table 67 — Nested elements of <connection 0d/> for <heat stake/>

Nested elements Multiplicity Use Constraints / Remarks
heat_stake 1 Optional -

loc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5.

The XML specification of the <heat stake/> element is shown in Table 68:

Table 68 — Attributes of element <heat stake/>

Attributles Type Value space Use Constraints / Remarks
heat_stake_type Alphanumeric Alphanumeric Optional -

strength Floating point >0,0 Optional -

diametet Floating point >0,0 Optional diameter < hole“diameter
head_digmeter Floating point >0,0 Optional -

head_heijght Floating point 20,0 Optional |-

void_diameter Floating point >0,0 Optional void_diameter < diameter
hole_diameter Floating point >0,0 Optional hole_diameter < head_diameter
The follqwing list explains the attributes:

— heat]

stake type: the alphanumeric name of the heat staker(e.g. domed, flared),

— strdngth: the strength of the heat stake,

— diarleter: the diameter of the heat stake, assuminig a round/cylindrical shape,

— head diameter: the diameter of the head ef the heat stake after thermal forming, assuming

shape is round,

— head height: the height of the head, as'created by the too],

— void diameter: The tool mayiform a hole/void within the stake. This is its diameter, 3

cylipdrical shape.

— hold diameter: Diameterof the hole(s) in the non-thermoplastic part(s).

If possible, a heat stake-should know the direction of fixation, therefore, possess a nested element
directi¢n/>. However, this is not mandatory in order to allow for importing of incomplete data. I
sense of[<normal di*ection/> is from tool to thermoplastic part. The direction element definitio

found in|9.1.3.

There is| no“‘base” attribute for heat stakes since this information can be derived from the co

direction.

the final

ssuming

normal
irection
h can be

hnection

The initial height of the stake (above base part) is not represented in xMCF: Before tool application, it can be
derived from CAD data. After tool application (in final shape of the heat stake), this height has vanished.

The element <heat stake/> allows for following nested elements, see Table 69:

Table 69 — Nested elements of element <heat stake/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
tangential_direction 1 Optional -
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EXAMPLE

<connection_0d label="HEAT STAKE 521">
<heat stake heat stake type="domed" diameter="3.0"

head diameter="6.0" head height="2.25">
<normal_direction x="0" y="0" z="-10"/>

</heat_stake>
<loc> 1645.83 821.145 616.585 </loc>
<appdata>

</appdata>
</connection_ 0d>

9.9 (I

In genernal, a clip is a fastener with an elastic component. Pushed onto a firm counterpart, 'thi
compongnt causes the clip to hook onto that part. Depending on the type of the clip, it can be
without peing destroyed.

A wide alnd ever-increasing variety of clinches is in practical use. Examples are:

— A “Terry Clip” consists of a cylindrical metal band with a gap. Opening the ‘gap, it snaps ont

Fred
_ A MH
— An"

— A “Cjrclip” (see Figure 35, also known as a C-Clip, Seeger ring, snap ring, or Jesus clip) is used t
somp item against sliding on an axle.

— Another sort of clips is snapped into a hole in a sheet nietal (see Figure 36). Its other side is shape

a cel

— Othg

NOTE
licenses/

e/ o st o
P/ IIapP JUTITtS

uently, there are means for fastening a screw etc. on the opposite side\of the gap.

airpin Clip” (see Figure 34) is similar to a “Terry Clip” but uses some wire instead of a metg

tain item, e.g. a cable or a panel.

r clips slide onto a flat surface (see Figure 37).

s elastic

removed

b a tube.

] band.

R-Clip” resembles a “Hairpin Clip”, but one of its legs is stfaight and suitable for inserting into a
drilled hole of an axle.

0 secure

d to hold

Source: Wikimedia Commons, 2009-08-19 by Wizard191, CC BY-SA 3.0, https://creativecomnjons.org/

by-sa/3.07

Figure 34 — Hairpin clip
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NOTE Source: Wikimedia Commons, 2004-09-06, both by Jean-Jacques MILAN at French Wikipedia, public
domain, via Wikimedia Commons.

Figure 35 — Internal (left) and external (right) circlips

Figure 36 — Clips pushed into a hole

Figure 37 — Clips sliding onto a flat surface

A clip is Henoted by an element <c1ip/> and described completely byts attributes and nested elemgents, see
Table 70

Table 70 — Nested elements of <connec¢tion 0d/>for <clip/>

Nested elements Multiplicity Use \\\\ Constraints / Remarks
dlip 1 Optiognal -

lpc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5

The XMI| specification of the <c11ig/5 element is shown in Table 71:

Table 71 — Attributes of element <c1ip/>

Attributes 'I)L@\ Value space Use Constraints / Remarks

clip_type Alphanumeric Alphanumeric Optional -

attachment_type Alphanumeric Alphanumeric Optional -

hole_diameter, Floating point 20,0 Optional -

hole_length Floating point 20,0 Optional hole_length > 0 implies hole_diameter > 0
pin_dianteter Eloatingpoeint =00 Optionat

pin_width Floating point 20,0 Optional pin_width > 0 implies pin_diameter > 0
pin_length Floating point 20,0 Optional -

strap_length Floating point 20,0 Optional -

clipped_to Integer >0 Optional -

material Alphanumeric Alphanumeric Optional -

part_code Alphanumeric Alphanumeric Optional -

The following list explains the attributes:

— clip type: the alphanumeric name of the clip, e.g. “STRAP 5-45X8X.9-4.1 PNL",
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— attachment_type: the description, how the clip is fastened, e.g. “push into round hole”,

— hole diameter: If the clip is pushed into a hole, this attribute describes the diameter of that mating hole.
If the hole is not round, the minimum diameter is meant. The default value is 0,0, which means “no hole”,

— hole length: If the clip is pushed into a non-round hole, this attribute describes the maximum diameter
of that hole. The default value is 0,0, which means “no hole or round hole”,

— pin_diameter: Ifthe clip is pushed into a hole, this attribute describes the diameter of the clip’s pin. If the
hole is not round, the minimum diameter is meant. The default value is 0,0, which means “no hole”,

— pin_width: If the clip is pushed into a non-round hole, this attribute describes the maximum diameter of
the r‘]ip’c pin The default value is 0 0_which means “no hole or round hole”,

— pin |

length: If the clip is pushed into a hole, this attribute describes the length of the glip’s

default value is 0,0, which means “no hole”,

— Sstrg

attr

— clig
this

— matsg
— part
There is

If possih
Howevel
<normal |

pin. The

p_length: If the clip carries a strap (see Figure 36 — Clips pushed into a helejleft pictyre), this

bute describes the length of that strap. The default value is 0,0, which means“no strap”,

ped to: The clip is clipped to the flange partner with this index (see 7.4-:22). If attribute is
information is not (yet) available,

rial: the material of the clip,
_code: the part code of the clip, as used e.g. in a PDM systemy,
no base attribute for clips since this information is holdby attribute c1ipped to.

le, a clip should know the direction of fixation, i.exhave a nested element <normal dirg
, this is not mandatory in order to allow for importing incomplete data. The direction
[direction/> is from tool to the flange partner,given by attribute clipped to.

missing,

ction/>.
sense of

Element|<tangential direction/> denotes direction of (one) maximum clip diameter, perpendjcular to
<normal [direction/>. This gives the local x axisy The <normal direction/> and <tangential dir¢ction/>
element§ are described in 9.1.3.
The elenjent <c1ip/> allows for following nested elements (see Table 72):
Table-72'— Nested elements of element <c1ip/>

Nested elements Multiplicity Use Constraint

normal_direction 1 Optional -

thngential_direction 1 Optional -
EXAMPLE

<conng¢ction<ld¥label="CLIP 1001">
<¢lip ‘clipped to="1" attachment_type="push into round hole" hole diameter="8.0" hole

length=112".0" pin_diameter="10.0" pin:1ength="10.0" material="polyamid">
Lhormal direction x="0" y="0" z="-10"/>
<tangential direction x="0" y="10" z="0"/>
</clip>
<loc> 1645.83 821.145 616.585 </loc>
<appdata>
</appdata>

</connection_ 0d>

9.10 Nails

Nailing is a rather old joining method. However, with optimized nail shapes and high velocity application, it
still addresses modern requirements, especially if non-steel materials are involved. The components, which
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are connected by this type of connector, may consist of steel, aluminium, magnesium, or plastic. Figure 38
shows an example of the cross-section of an applied nail:

Key

1  pungh

2 blank holder
3  joingdd sheet
4  Dbase|part

5 nail

Figure 38 — Cross-section of a nail joint connectingtwo sheets

A nail is|denoted by an element <nail/>. This element is described ¢completely by its attributes and nested
elements, see Table 73:

Table 73 — Nested elements of <copnection 0d/>for <nail/>

Nested elements Multiplicity Use o\ - Constraint / Remarks
nlail 1 Optional -

lpc 1 Required -

appdata 1 Optional See 7.3.2.

femdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5.

The XM} specification of the <ng+ 1.2 element is shown in Table 74:

Table 74 — Attributes of element <nail/>

Attributles _:@"é’ Value space Use Constraint / Remarks

nail_typ¢ Alphanumeric Alphanumeric Optional -

shaft_digmeter Floating point >0,0 Optional -

length Floating point >0,0 Optional -

cylinder|léngth Floating point >0,0 Optional -

head_diameter Floating point >0,0 Optional -

head_height Floating point >0,0 Optional -

shear_strength Floating point >0,0 Optional Dependency from sheet thicknesses
peel_strength Floating point >0,0 Optional Dependency from sheet thicknesses
material Alphanumeric Alphanumeric Optional -

part_code Alphanumeric Alphanumeric Optional -
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Figure 39 — Key measures of a nail and examples of different nail types

wing list explains the attributes, see also Figure 39

_type: the alphanumeric name of the nail (naming convention based on supplier nail co
b details see Reference [13].

t_diameter: the diameter of the shaft 6fithe (unmounted) nail,
th: the overall length of the nail,

nder length: the length of the cylindrical part of the nail shaft
| diameter: the diameter-0fthe head of the nail,

| height: the height-ofthe nail head,

r strength: Shearfailure where the joint fails by shearing a hole in the cover part side matg
ned as maximum measured force during the test process,

| strength! 'Pull failure in peeling test is where the joint, that is nail and cover sheet, p
ng the'base sheet part. It is defined as maximum measured force during the test process,

r%31: the material of the nail,

des). For

rial. Itis

L1l apart

— part code: the part code of the nail, as used for example in a PDM system. It can be convenient to use the

nail

norm (according to e.g. ISO, EN, BSW, DIN) as part code.

There is no “base” attribute for nails since this information can be derived from connection direction.

If possible, a <nail/> should know the direction of fixation, therefore, possess a nested element <normal
direction/>. However, this is not mandatory in order to allow for importing incomplete data. The direction
sense of <normal direction/> is from nail head to tip. The direction element definition can be found in 9.1.3.

The element <nai1/> allows for following nested elements (see Table 75):
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Table 75 — Nested elements of element <nai1/>

Nested elements Multiplicity Use Constraint
normal_direction 1 Optional -
tangential_direction 1 Optional -

EXAMPLE

<connection_0d label="NAIL 100">
<nail shaft diameter="10.0" length="26.0" head diameter="15.0" material="steel" shear
strength="5200" peel_ strength="5000">

</conpection 0d>

9.11 Rd

9.11.1

A rotatign joint is denoted by an element <rotation joint/>. This elemeft)is described complete
attribute

The XML

<normal direction x="0" y="0" z="-10"/>
</nail>

<Jloc> 1645.83 821.145 616.585 </loc>
<gppdata>

<[fappdata>
tation joints

Feneral

s and nested elements (see Table 76).

Table 76 — Nested elements of <connection 04/ fOr <rotation joint/>

ly by its

Nested elements Multiplicity Use Constraint / Remarks
rptation_joint 1 Optional -

Hoc 1 Required -

Appdata 1 Optional See 7.3.2.

Hemdata 1 Optional See 7.3.3.
custom_attributes_list |1 Optional See 8.5.

specification of the <rotation goint/> elementis shown in Table 77:

Table 77%="Attributes of element <rotation joint/>

Attributles

Type Value space Use Constraint / Remarks

Diameter

Floating-point >0,0 Optional

The folldqwing list explains‘the attribute:

If possible, a.retation joint should know the direction of fixation, therefore, possess a nested
<normal |difection/> However, this is not mandatory in order to allow for importing incomplete g

diarjeter: the diameter of the shaft of the rotation joint.

element
ata. The

direction sehse of <normal direction/> is from the joint's head to point, which element’s definitign can be
found in 9.1.3.

Specific subtypes of rotation joints are defined by adding related nested elements, listed in Table 78:

Table 78 — Nested elements of element <rotation joint/>

Nested elements Multiplicity Use Constraint / Remarks
normal_direction 1 Optional -

tangential_direction 1 Optional -

Rotav 1 Required
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The subtypes are described in detail in the following subclauses.

EXAMPLE

<connection 0d label="RJ 2123921">

<rotation_joint diameter="3.0">

<normal_direction x="0" y="0" z="3"/>
<rotav/>

</rotation_joint>
<loc> 1645.83 821.145 616.585 </loc>
<appdata>

</appdata>

</coni

9.11.2

ROTAVs
grade st
sketches

Key

1 finding

2  pendtrating
3 shaping

4  welding

hection Ud bg
ROTAV Q‘lx
hre suitable for steel-aluminium connections. Connections of two or three sheet;@je possi

bel sheets can be used. A description of this technology can be found in Refe e [14]. H
the manufacturing process. Figure 41 depicts a microsection. %

{hr 'y

Figure @ Process of rotation joining (ROTAV)[14]

©

ble. High
igure 40

Figure 41 — ROTAV connecting aluminium and steel sheets[14]

The basic steps in the ROTAV process are:

a) Applying rotational velocity and pressure to the ROTAV plug,

b) ROTAV plug penetrating the soft aluminium sheet,
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¢) ROTAV plug heating base sheet metal (or without pre-punching, both sheet components) and melting
through it,

d) Applying compression to the ROTAV arrangement to finish the desired connection.
A ROTAV connection is denoted by an element <rotav/>.

For the <rotav/> element, the following attributes can be specified (see Table 79):

Table 79 — Attributes of element <rotav/>

Attributes Type Value space Use Constraint
rotationfl_speed Floating point =00 Opftional -
comprespion_force Floating point 20,0 Optional -

The follqwing list explains the attributes:

— rotdtional speed: In order to facilitate the penetration in the metal sheet of thetip of the RO[TAY, it is
rotated at a high speed;

— comgression force: In order to achieve the fastening properties, the ROTAV is compresse¢l with a
vertjcal force.

The elenjent <rotav/> does not allow for any nested elements.

EXAMPLE1 Minimum definition of a “Rotav” connection

<conngction 0d label="ROTAV 96930">
<fotation joint>
<rotav/>
<frotation_joint>
<loc> 1500.3809 838.75885 730.6529 </loc>
</conpection 0d>
EXAMPLE 2  Maximum definition of a “Rotav” connection

<conng¢ction_0d label="ROTAV_96930">
<fotation joint diameter="4.0">
<rotav rotational speed="15QQ000" compression force="10000"/>
<normal direction x="0" y=I'0" z="-10"/>
<frotation_joint>
loc> 1500.3809 838.758858%80.6529 </loc>
<gppdata>

A

<[fappdata>
</conpection 0d>

10 1D connections

10.1 Gdneric definitions

10.1.1 dentification

For identifying 1D connections, the same rules apply as for 0D connections, see 9.1.1.
10.1.2 Location

10.1.2.1 General

The definition of the connection line is one or multiple polylines (sections). Each of the polylines is described
as a series of points (vertices). All other curves can also be represented with this type of representation by
adding necessary points and thus approximating to the needed accuracy.
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The polylines do not need be joined to each other. This is to simulate gaps along the application of a seam or
an adhesive, due to crossing another weld, or an obstacle, e.g. a hole in the connected sheets.

At any inner point of a polyline, any kink angle can occur, in principle. However, CAD systems typically do
not generate individual curves with kink angles that deviate significantly from the straight line. They retain
the GC1 continuity. Therefore, a connection line can be represented by several CAD curves and thus give
raise to several polylines. This yields another reason for splitting the connecting lines into several polylines.

XxMCEF specifies the order of polylines, as well as the order of the locations within each individual polyline.

10.1.2.2 Element<ioc list/>

The list ¢f Tocations for the definition of the connection [ine is stored in the element <loc 1ist>. Thig element
contains|nested elements <1oc/> defining the location of a point of the connection line in space. Thésélocations
have to he ordered so that the line defined by the ordered list of locations specifies the connection line.

The attr|butes associated to the element <10c_1ist/> are (see Table 80):

Table 80 — Attributes of element <1oc 1ist/>

Attributes Type Use Constraint
iddex Integer Optional Required _only if there are moré than one <loc list/>
elements in the <connectiof d/>.

If conneg¢tion line is made of several polylines, this is expressed by aseries of <1oc 1ist/> elements. In this
case, the <1oc 1ist/> order is indicated by the index attribute.

The <104 1ist/> element has the following nested elements (see Table 81):

Table 81 — Nested elements of <1oc_1ist/>

2

ested elements Multiplicity Use Constraint

Hoc 1-* Required -

10.1.2.3| Element <10c/>

Each locption specified by the elemernt.<1oc/> contains three values specifying the X, y, and z coordjinates of
the location.

The attr{butes associated to the element <10c/> are (see Table 82):

Table 82 — Attributes of element <10c/>

Attributes Type Use Constraint

\ Floating point Required -

The attrfibute % is used as surrogate index to ensure proper ordering. The values are not relatdd to the
attribute vadised in the <weld position/> element.

The <1oc/> with the minimum value of “v” marks the start of a seam weld and max(v) is used to mark the
end. The reason for this is that some manufacturing techniques are not “symmetric” regarding both ends of
a connection line.

EXAMPLE1 Connection line with a single polyline/section:

<loc list>
<loc v="0" > 2581.21 -708.408 31.6532 </loc> <!-- first point -->
<loc v="0.1" > 2581.42 -708.357 35.2816 </loc>
<loc v="2.22"> 2581.05 -708.302 39.0643 </loc> <!-- last point -->
</loc_ list>
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EXAMPLE 2 A connection line consisting of two disjoint polylines/sections:

<loc_list index="1"> <!-- first section -->
<loc v="0O" > 2581.21 -708.408 31.6532 </loc> <!-- first point -->
<loc v="1" > 2581.42 -708.357 35.2816 </loc>
<loc v="2.22"> 2581.05 -708.302 39.0643 </loc> <!-- last point -->
</loc_list>
<loc_list index="2"> <!-- second section -->
<loc v="1" s> 2581.05 -708.302 40.3340 </loc> <!-- first point -->
<loc v="2.1"> 2581.05 -708.302 48.5300 </loc> <!-- last point -->

</loc_list>

10.1.3 Intermittent connection lines

10.1.3.1| General

Intermittent connection lines are connection lines, which are fixed only at certain segments:along their total

length. The gaps between the segments are called “spacings” to avoid confusion with the gap bety
connectgd parts. The benefit of intermittent connection lines compared with individual’connectio
the reduftion of administrative overhead.

welds, ¢

Intermittent connection lines were introduced with xMCF version 3.1.1 and\are only applicable
rrently.
| length L, of a connection line is the length of the <1oc_}ast/> polygon. Therefore,

The totg

length contains the lengths of both, the segments and the spacings bétween, before and after segmsg

The <10
between
a conne
of this p
that the
the scop

required.

From ap
are mos
that thet
data tha

Therefoy

a) Mas
segr

b) Ifit

<sedq

c¢) The

- 1ist/> polygon only approximates exact geometry."This can lead to unavoidable d¢

veen the
h lines is

to seam

the total

nts.

bviations

the length of both, and therefore, to the exact positiohs of segments, especially next to the end of

tion line. Thus, the reliable definition of intermittent connection lines requires a certain

plygon. Additionally, the parameters describing«the segmentation shall be consistent in t
segmentation is feasible both, geometrically.and with respect to manufacturing. It is nd
e of the xMCF format to take these responsibilities since additional external information ¥

plications such as durability and fatigue, it is known that the beginnings and ends of a se|

relevant for the durability of theiconnection. Therefore, it shall be guaranteed as far as
e exist complete segments. Ultimately, it is the responsibility of the system that creates
F chopped final segments do.net occur.

e, the following rules apply:

ter rule: The creating system alone is responsible for accurate and consistent definitiqg
nents.

s required that'any segment length (especially first or last) deviates from other segment 1
ment 1igt/& must be used. <regular segments/> are notintended to provide this feature.

excess-0f segments at the end of a seam weld is not allowed.

hccuracy
he sense
t within
vould be

am weld
possible
he xMCF

n of the

engths, a

10.1.3.2

sl : h
ICTIIIIIUIUGY

The basic parameters of an intermittent connection line are introduced in Figure 42:
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Key
a Segments.
b Total length L, of connection.

Figure 42 — Terminology of a regular intermittent weld

In Figur¢ 42, the connection line has a “total length” L, ,; of 17,0. Its “number of segments®is¥4. Each|segment
is of “lerlgth” I = 2,0. The welded segments have a “spacing” of s = 3,0. Note that the fif'st and last segments
match tHe start and end of the connection line.

a Firs{spacing.

b Regylar spacing.

¢ Last[spacing.

d  Total length L, of connection line.

Figure 43 — Regular intermittent weld with first spacing and last spacing

In Figurg 43, the welded segments have a special “first spacing” of 4,0 and a “last spacing” of 1)0, at the
beginnirjg and end of the’Connection line, respectively. Note that “spacing” s is the gap between syccessive
welds, irf] contrast with the gap at the begin and end of the connection line.

The “dersity” d of the welded portion of the weld is defined as:

di= 1L/
+.5

where

I isthelength of each segment;

s isthe spacing.

For the example above, the density of the welded line is d = 2/5.
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17
a
Key
a Tota Ipngfh ledl of connection line
Figure 44 — Irregular intermittent welds

The intefmittent welds in Figure 44 are not regular. Therefore, they are treated as <segment 1ist/>, where

each segment is described separately. When all welded segments have the same length and when| all gaps

between| segments have the same spacing, the connection can be represented @s-sequence of <tegular
segmentg$/>.

In summlary, for the description of an intermittent connection line, the following variants are available:

— <sedment 1ist/>: All segments are specified individually witl start and end given in curvee length
pargmeters of the <1oc_1list/> polygon.

— <redular segments/>: All segments have identical length. All spacings have identical length ex¢ept for a
firstlspacing at the beginning of the <10c 1ist/> polygoni{i-e. before the first segment) and a lasf spacing
at tHe end of the <10c_1ist/> polygon (i.e. after the last’segment).

The elenjents <segment 1ist/>and <regular segmentd>can only be used mutually exclusively. Thdt means,

only onelof these elements may occur in one <weld pésition/> element.

The XM specification of the <segment 1ist/> élement states:

The <sedment 1ist/>element does not have-any attributes, but at least one nested element <segmen|t />.

The XMI} specification of the <segmers/* element (with L., := total length of the <10c_1ist/> polygon) is

shown inp Table 83:

Table 83 — Attributes of element <segment />
Attributes /\Q)\ Type Value space Use Constraint
from Floating point |20 Required
- - - from < to
tp Floating point |>0 Required
If there is morgthan one segment in the <segment_1ist/>,itis required that all segments s, can be grranged
in a way(that's, ;- < S;.1 from iS true for n=1, ..., num_segments - 1.

The XML specification of the <reqular segments/> element (with L., = length of the <1oc_1ist/> polygon

and n ==

number of segments, both positive) is shown in Table 84:
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Table 84 — Attributes of element <regular segments/>

Attributes Type Value space Use Constraint
num_segments Integer >0 Required
Length Floating point >0 Required
Spacing Floating point >0 Required
first_spacing Floating point 20,0 Optional
(default: 0)
last_spacing Floating point 20,0 Optional

(default: 0)

Keep

Selection spnacing Qptional
T 57

length,
density (default)

max_per
of_comp

>0,0and <100,0 If both attributes are missing,

(default: 1,0) of “max_percentage)of compel

Centage_
bnsation

Floating point Optional

max_abs
pensatio

olute_com- | Floating point 20,0 Optional is used.
h Only one of “max-absolute_con

tion” or “max.percentage_of c
sation” may be specified.

Hefault
hsation”

hpensa-
bmpen-

The desc
num |
leng
spad
firg
last

keeq

ription of <regular segments/> requires parameters with specifiésemantics, as listed in 7]
segments: Prescribed number of welded segments,

th: Prescribed length of every segment,

ing: Prescribed length of any inner spacing, a spacing between two segments,

t_spacing: Length of the spacing before the firstSegment, if any, (default: 0)

spacing: Length of the spacing after the lasf segment, if any, (default: 0)

: Strategy about how to cope with the case that all prescribed segments and spacings togeth

fronp the total length of the <10c 1ist/>polygon,

max_
size

percentage of compensation: The'maximum allowable deviation, as a percentage, of the 1
of length or spacing over its prescribed size. A warning has to be issued, if the adjusted value

able 84:

ler differ

resulting
deviates

fronp the prescribed value by more than max percentage of compensation. Valid range is frgm 0,0 to

100,

max |

the1

0 %.

absolute compensatien: The maximum allowed deviation, in length units, of the difference
esulting size of length or spacing and its prescribed size. A warning has to be issued, if the

valule deviates fromthe prescribed value by more than max_absolute compensation.

Semanti

spad

s of the different possible values of keep parameter:

ing: Spacing between segments is kept. Length is adjusted,

between
adjusted

lend

thoSegment lengths are kept. Spacing between segments is adjusted,

change proportionally, but first spacingand last spacing remain unchanged.

In all cases, the number of segments is kept unchanged.
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10.1.3.3 Formulae for adjusting the segment sizes according to the total length of the connection line

According to Figure 43, the welded segments in a connection line are spread over the effective welded
length L ¢ between the first and the last spacing. The size of L ¢, ive 1S given by (further details are given in
Annex A):

Legr = Liotal —Mfirst —Miast
where

Liotal is the total length of the polyline;

g [s the effective welded length;
M e is first_spacing;

my,qt is last_spacing.

The nuntber of segments n is given by attribute num segments.
NOTE The number of spacings is always n-1.
— Whdn keep = “lengtn”, the adjusted spacing is calculated with this formula:

Leff —nl
n-1

— Whdn keep = “spacing”, the adjusted length is calculated with this formula:

= |Leg —(n—1)s
n

— Whdn keep = “density”, the adjusted length and adjusted spacing are given by these formulae:

i
n-1+d
and
5| (A=) Lefy
n-1+d

whefe d is the.prescribed density, calculated by

lxs
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EXAMPLE1 <corner weld/>with <regular segments/>and “Required” attributes only (see Figure 45)

length = ‘2’ spacing = '3’

tota] = 17. Q(Lb‘

Figure 45 — <corner weld/> with <regular segments/>and “Required” attribgf)a’only

o

gth”
5

-0

<seamyeld>
<¢orner weld base="1" technology="resistance"> %
<weld position u="0.2" x="1" y="0" z="1"> \'es
<regular_segments num_segments="4" length="2" spacing—"‘g
</weld position> O
<sheet parameter ... />
<fcorner weld> 5\\
</seafpweld> Q O
EXAMPLE 2  Regular single sided welding (a <corner weld/> WithQ@gular_segments /> and all attrilputes, see
Figure 44) \\
firgt spacing=‘1’" length=‘2’ spacing="'3, 5’@‘\ ast spacing='0,5’ keep="“len
i O 0
< >
~3,5 ~3,5
-
xO
N= a N

woral = 14,435. :
S

Figyre 46 — Regular si@ sided welding (a <corner weld/>with <regular segments/>an

\% attributes)

@)
<seamyeld> Q‘Q
a

<¢orner wels se="1" technology="resistance">
<wel sition u="0.2" x="1" y="0" z="1">
gular_ segments

v num_segments="3"
& first_spacing="1.0" last_spacing="0.5" length="2.0" spacing="3.5"

d all

% keep=71ength" max absolute compensation="0.2"/>
</weld position>
<sheet parameter ... />
</corner weld>
</seamweld>
<seamweld>

<corner weld base="1" technology="resistance">
<weld position u="0.2" x="1" y="0" z="1">
<regular_segments
num_segments="3"
first spacing="1.0" last_spacing="0.5" length="2.0" spacing="3.5"
keep="length" max percentage of compensation="3.0"/>
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</weld position>
<sheet parameter ... />
</corner weld>
</seamweld>

EXAMPLE 3  Staggered welding (a <corner weld/> welded from both sides in alternating sequence, with two
<regular segments/> for the two <weld position/>s, see Figure 47)

first spacing = ‘2,5’ length = ‘2’ spacing = ‘3’

1]
N
\
<
N
vl
2

length = ‘2’ spacing = ‘3’ last spacing

Key %
2 Lyof=145. Q?‘

Figure 47 — Staggered welding \\%
o)

<seamyeld> Q
<¢orner weld base="1" technology="resistance"> QO
<weld position u="0.2" x="1" y="0" z="1"> N\
<regular_segments &
first spacing="2.5" num_segments="3™ 'spacing="3.0" length="2.0"/>
</weld_position> \{.\
<weld position u="0.5" x="-1" y="0" z="1">

<regular_segments
last_spacing="2.5" num_seg&@ts="3" spacing="3.0" length="2.0"/>
</weld_position>
<sheet parameter ... /> \O

<fcorner weld> \l~
.\0

</seaweld>

d/>with <segment 1list/> (see Figure 48).

*

3
¥

EXAMPLE 4  Definition of a <corner§1

17
Q :
Key <&
3 Liowl= Tota@of connection line.
é Figure 48 — Definition of a <corner weld/> with <segment list/>

<seamweld>
<corner weld base="1" technology="resistance">
<weld position u="0.2" x="1" y="0" z="1">
<segment_list>
<segment from="4.0" to="7.0" />
<segment from="9.0" to="10.0" />
<segment from="13.0" to="15.0" />
<segment from="16.0" to="17.0" />
</segment_list>
</weld_position>
<sheet parameter ... />
</corner weld>
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</seamweld>

NOTE

The order of <segment /> lines is arbitrary since segments are not allowed to overlap.

10.1.4 Type specification

Each connection should be assigned a type during its life cycle. The XML definitions of all 1D connections
contain the following elements (see Table 85):

Table 85 — Nested elements of element <connection 1d/>

Nested elements Multiplicity Use Constraint / Remarks
seamweld 1 Optional -

adhesive_line 1 Optional -

hegmming 1 Optional -
seguence_connection_0d 1 Optional -

coptact_list 1 Optional See 7.4.3.6.

stacking 1 Optional See 7.4.2.4

Up to ong of the type elements (seamweld, adhesive line, sequence connectfion 0d, hemming) may ¢

<connect

10.2 Se

XMCF kn|

10.2.1

Several ¢
does nof
weld mul

This ens
all the wj

NOTE

a difference between the start and thé end of a seam weld. YMCF knows about the orientation of a seam

therefore
differenc

10.2.2

The wel
different
where e

$eam weld definition overview

ion_1d/>.If none of the type elements is given, the type defaults to’¢seanweld/>.

am welds

ows several kinds of 1D connections. Of these, seam welds are addressed first.

Description and modelling parameters

ross-section geometries and modelling alternatives are established for seam welds. Howev
support changing these characteristics insthe course of a single seam weld. If necessary
st therefore be split into several.

ures that a seam weld definition only,represents one cross-section with the welding param
elded sides.

Several welding technologies \produce material structures which are oriented. In particular]

it can distinguish between start and end. But it does not yet provide means to transport details
b between both, neithetr for CAE nor CAM.

 definitioii~depends on the type of the seam weld. The parameters and their meanin
for eachhof the different seam weld types. Detailed descriptions are provided in the next
ich weld type is described separately.

bxist in a

er, YMCF
. a seam

eters for

there is
weld and
hbout the

b can be
clauses,

Figure 4

D ‘provides an overview of the currently supported seam weld types and their parameters.

For each

of the seam weld type, it contains the following information:

— type of the seam weld,

— number of weld positions for the type,

— supported technologies,

— widely used weld sections for the respective weld type (other sections are generally permitted by the
standard, but feasibility and compatibility must be ensured by the designer.),

— required parameters,
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— optional parameters with their default values,

— section drawing / layout related to the seam weld type.

For the given combinations of seam weld type, technology and cross-section, the parameters and the section
drawings are provided. The section drawings do not show the specific sections possible for a technology.

Parameters describing sheet thicknesses are not part of the xYMCF file contents. They need to be derived from
CAD geometry or FE meshes. However, they are used in the seam weld type specific sections to describe
parameters contained in the xYMCF file and their relations.

The variety of seam weld types is to be handled by the application. The content of xMCF was selected SO

that, in n can be
determined.
votelhl #W?ld Lol Section Weld parameter Layougt
type || positions | technology
1 I width - -
A width - -
. ﬂi
Butt U width - - ol
weld X width - -
Y width - -
Radius - -
Fillet |thickness penetration0 -
gap=0,angle=45
Corner . . _ _ L
weld 1-2 Fillet HV | thickness |gap=0, angle=45 penetration=1
. penetration=0,
U thickness gap=0, angle=45
Fillet |thickness pen_etrat10n_=0, - '
gap=0,angle=45 |
2-4 Fillet HV | thickness |gap=0,angle=45|penetration=1 |
: penetration=0,
U thickness gap=0, angle=45
1 I width [gap=0 -
Edge
weld 1 v i
1 U -
1 Laser - width |[gap=0 - =
I-weld -
1 Fillet U B
1 Fillet - thickness |Penetration=0, - =
gap=0, angle=45
Overlap . ) . penetration=0, i
weld 2 Fillet thickness gap=0, angle=45
2 Fillet - thickness penetration=0, - B
gap=0,angle=45
Fillet |thickness penetration=0, -
gap=0, angle=45
Y-joint 1-2 Fillet HV thickness |gap=0, angle=45|penetration=1 Ny,
. penetration=0, i
HY |thickness gap=0, angle=45
Fillet |thickness penetration=0, -
gap=0, angle=45
K-joint 2-3 Fillet HV | thickness |gap=0, angle=45 penetration=1
. penetration=0, i
HY | thickness gap=0, angle=45
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Weld

# Weld Welding

type | positions | technology Section Weld parameter Layout
Fillet |thickness penetration=0, -
gap=0, angle=45
C]I::rsli 2-4 Fillet HV | thickness |gap=0,angle=45|penetration=1
. penetration=0, i
HY | thickness gap=0, angle=45
Figure 49 — Seam weld types and attributes
10.2.3 $pecific XML realization

This par
necessat
Within t
position

<co
<

A

</c

10.2.4

10.2.4.1] Fype specification

L of the XML structure describes the data that is stored for each of the seam welds, This incl
y details to describe each connection in depth.

he XML definition of a seam weld, each of the associated physical welds is stored in a separ
in the specific subtype definition. Figure 50 contains an example:

nection list>
onnection 1d label="1000032">
<loc_list>
<loc v="0">68 0 0</loc>
<loc v="1">88 0 0</loc>
</loc_list>
<seamweld>
<butt joint base="1" technology="resistance" section="X" filler="yes">
<weld position u="1" x="O" y="6.12323e-17" z="1" width="3" />
</butt_joint>
</seamweld>
<appdata>
<MEDINA xmlns="http://servicenet.t-systems.com/medina/xMCF">
<data at connector>
<original loc list>
<loc u="0">68 4 10</loc>
<loc u="1">88 4 10</loc>
</original loc list>
<connection data adjust 1imig=U"1" weld position id="1" max projection distance="10'
<administrative data elemenf\label="Weldline Overlap-Join"
part tree position="fixed") connector property id="1000032" />
</data at connector>
</MEDINA>
</appdata>
connection_1d>
nnection list>

Figure 50 — xMCF structure of a seam weld (connection_1d)

FenericSeam weld definition

udes the

ate weld

/>

Each seam weld is characterized by its main type. It is described more precisely by its subtype. This means
there is a general category that includes several subcases. Detailed information is given in the following

10.2.4.1.

1and 10.2.4.1.2.

10.2.4.1.1 Definition of main type

The element main type for a seam weld is always <seamweld/>. This element is located directly below the

<connec

tion 1d/>element. It is used to define the connection as general as it can be.

The XML definition of seam weld main type contains the following nested elements (see Table 86):
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Table 86 — Nested elements of element <seamweld/>

Nested elements Multiplicity Use Constraint
butt_joint 1 Optional -
corner_weld 1 Optional -
edge_weld 1 Optional -
i_weld 1 Optional -
overlap_weld 1 Optional -
y_joint 1 Optional -
k_joint 1 Optional -
cruciform_joint 1 Optional -
flared_joint 1 Optional -

EXAMPLE Main type <seamweld/>

NOTE

<conngction 1d>

<seamweld>

<[seamweld>

</confpection 1d>

The differentiator for the specific seam welds is stored as value“in the subtype element

described below.

10.2.4.1}2 Definition of subtype

Different kinds of welds are distinguished through the definitien of a subtype of the seam weld.

Valid valjues for the subtype element are:

butf joint,

corrjer weld,

edgq weld,

wd1d (not be confused with cross-section “I”, as described in 10.2.4.4.7),

oveylap weld,

y_

k

jdint (not be confusedwith cross-section “Y”, as described in 10.2.4.4.11),

_jdint,

crudiform joifrg,

flaged joine.

Each suhitype element can contain the following attributes (see Table 87):

Table 87 — Attributes of element <subtype/>

which is

Attributes Type Value space Use Constraint

base

Integer >0 Optional -

technology Selection resistance Optional -

arc
laser

friction
brazing

Each subtype element contains the following nested elements (see Table 88):
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Table 88 — Nested elements of element <subtype/>

Nested elements Multiplicity Use Constraint
weld_position 1-* Optional -
sheet_parameter 1-* Optional -

NOTE The number of elements of <weld position/> is dependent on the specific subtype.

10.2.4.1.

3 Attribute “base”

The attribute base defines the index of the base sheet for the seam weld It references the attribute index

inside t

angle of

the weld 1tself is not symmetrlcal between the welded sheet and the base sheet That means 1t is cruc1al to

precisely

10.2.4.1
The tec

This tecl
— resi
— arc\
— eney
— frict
— braz

In additi
introdud

The attr
Possible
— res]
— arc,
— lass
— frid

— braqg

EXAMPLE

<conng

specify to which sheet part the angle is measured.

4 Attribute “technology”

nology used to weld the connection can be specified for each of the welds ofa connection se
\nology can be one of

tance welding,

velding,

gy beam welding (laser, for example),

ion welding,

ing (not allowed for I-welds, for technical reasons):

on to the technology, there is a specificatien*for each of the weld positions whether the
es additional material (attribute filler).

bute technology defines the weldingtechnology used for its subtype.
values are:

stance,

r (energy beam /laser),

tion,

ing.

Main type <seamweld/> with <butt joint/>as subtype:

ctidon_ 1d>

parately.

welding

<s

eamweld>
<butt_joint base="1" technology="resistance">

<weld position ... />
<sheet_parameter ... />

</butt_joint>

</seamweld>
</connection 1d>

© IS0 2024 - All rights reserved
88


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

10.2.4.2

ISO/PAS 8329:2024(en)

Weld position and sheet metal parameters

It is intended to collect the parameters that can be observed in relation to the welding processes in specific
elements. Some of the used and measured parameters are related to the involved sheet metal parts,
describing the thickness of the sheet and the applied sheet angle between each two sheet metal parts.

On the other hand, the parameters that are mentioned in terms of the welding process related to the weld
itself can be distinguished. The detailed description of these parameters can be seen for sheet parameters in
10.2.4.3 and for weld position parameters in 10.2.4.4. Accordingly, each seam weld can have as many weld-
position-related parameters (e.g. a-value), as it has weld positions. In Figure 51 for instance its two of both.

Key
ti
a  joint

¢ gap

sheg

10.2.4.3

10.2.4.3

In a wel
sheet m4
residing
<weld p

10.2.4.3

The elen
sheets a
welded 5

the welding process.

It is defi

t thickness a; weld throat thickness
angle B; weld angle
d; depths®f the penetrations

Figure 51 — Sheet parameters versus weld position parameters

Parameters assigned to a specific sheet.of the flange

1 General

Hed connection, there are differfent kinds of parameters that shall be assigned either to 3
btal or to the created weld itself. Accordingly, those parameters are grouped under two ¢
directly under the parentsubtype element. These are the elements <sheet parameter/
sition/>.

2 Element <sheef-parameter/>

lent <sheet p&rameter/> describes the sheet in order to identify the correct sheet when
e connected{ Furthermore, it defines as an attribute the corresponding gap applied bety
heet andthe base sheet, which is in general the applied gap between the welded sheets injy

ned using the following attributes (see Table 89):

h welded
lements,
and the

multiple
veen the
rolved in

Table 89 — Attributes of element <sheet parameter/>

Attributes Type Use Constraint / Remarks

index Integer Required It shall be referenced to <part/>index
attribute

gap Floating point Optional Default value is 0

sheet_thickness Floating point Optional -

sheet_angle Floating point Optional -
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.3 Attribute index

The value of the attribute index shall be referenced to the part index. The index needs to be unique only
within the parent element <connected to/>. For specific connections, it is used as the matching index for
the subjected welded sheet.

10.2.4.3

4 Attribute gap

The value of the attribute gap is numerical in the range [0, o). It defines the distance between the base and
the connected sheet.

10.2.4.3

5 Attribute chcet thickocco

The valule of the attribute sheet thickness is numerical in the range (0, ). It defines the CAD-relaf

for the t
sheet ex

10.2.4.3

hickness measure of the connected sheet (in Figure 51, this is t,). In case more thair ong
sts, see the definition in 10.2.11.6.

6 Attribute sheet angle

The valule of the attribute sheet angle is numerical in the range [0, 360). It des&ribes the angle betjy

central §

EXAMPLE

<conng
<

<
</coni

10.2.4.4

10.2.4.4

The geor
from the

The orig
<loc 1i

applied t

A conne
position
perform

Details f|

lection 1d>
Welding position

1 Basic definitions

hetric position of the physicalwelding of the seam weld is specified by an orientation vector
weld root into the side where the welding takes place (see Figure 52).

t/> polyline is determined by a fraction in the range [0, 1] of the complete line. The fr
o the length of theyx10c_1ist/> polyline measured as sum of all segment lengths in space.

'tion can be welded at different positions. Depending on the seam weld type, between two
5 can occur (e.g. by combining a K-joint with a Y-joint). Each position represents a physical
bd from-ote side of the structure.

pr-each seam weld type are described inside the specific section (see subclauses 10.2.5 tq

ed input
e welded

ween the

urfaces of the base sheet and the connected sheet.
ction 1d>
eamweld>
<corner weld base="1" technology="resistance"x
<weld position .../>
<sheet_parameter index="2" gap="1.0" sheet thickness="1.5" sheet angle="90"/>
</corner weld>
seamweld>

pointing

in of this orientatiomvector is located directly on the <1oc _1ist/> polyline. The position on the

action is

and five
welding

the end

of 10.2)!
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(xy,2)
o N

10.2.4.4

For weld
are nam

10.2.4.4

The elenpent <weld position/> describes the location of the weld relative to-the connection line sp¢

<loc 1i

Each <wd

Figure

2 Primary and secondary sides

definitions that need a specific side, the orientation vector defines the primagy.side. All ot
bd secondary sides, not specifying any precedence on them.

3 Element <weld position/>

t/>.

1d position/> element can contain the following nested.€lements (see Table 90):

Table 90 — Nested elements of element <subtype/>

her sides

cified in

N¢sted elements Multiplicity Use Censtraint
segment_list 0-1 Optional mutually exclusive - For details, see 10.1.3 Int¢r-
re gular_segments 0-1 Optional mittent Connection Lines.

The elenjent <weld position/>is defined using the following attributes (see Table 91):

Table 91 — Attributes of element <we1d position/>

Attributes Type Use Constraint / Remarks

base Integer Optional Value only for specific weld types
u Floeating point Required O<us<1

X Floating point Required -

y Floating point Required -

zZ Floating point Required -

rg¢ference Boolean Optional "false"

sgctien Selection Optional -

thickness Floating point Optional Value only for specific weld types
width Floating point Optional Value only for specific weld types
angle Floating point Optional -

filler Selection Optional -

filler_material Alphanumeric Optional -

shape Selection Optional -

penetration Floating point Optional 0 < penetration< 1
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Depending on the subtype, the attributes of the element <we1d position/>are different. Each of the subtypes
supports its specific combination of attributes. The detailed description of the specific combination can be
found in the according subclauses “Element <weld position/>" below.

EXAMPLE

<connection 1d>
<seamweld>
<corner weld base="1" technology="resistance">
<weld position u="0.2" x="1" y="0" z="1"
reference="true"
section="HV"
thickness="0.5"
_ angle="45"
filler="yes"
filler material="E7018-X"
shape="straight"
penetration="0.6"/>
<sheet parameter index="2" gap="1.0"/>
</corner weld>
<[seamweld>
</conpection 1d>

10.2.4.4}4 Attributes “v”, “x", “y", “2”

The attrfibute u specifies the relative location on the <1oc 1ist/> polyline. Value u=0 represents|the first
location fof the connection line matching the element <1oc/> specified with the lowest value for the attribute
u. Value [:=1 represents the last location of this line matching the element <10c/> with highest value for the
attribut¢ value u. Values in between are specifying the point located at the specified fraction of the <1oc
1ist/> polyline measure in summed up lengths of the segmentsof the <1oc 1ist/> polyline in spacg.

The attrjbutes x, y, and z specify the direction vector in the global coordinate system into the qugdrant of
the weldjing. The origin of this vector is defined by u and the <10c_1ist/> polyline.

The lengfth of the vector has no specific meaning, onlythe direction is used. However, it should be sufficiently
long to be unambiguously visible like illustrateddn Figure 53:

Key

1 vague

2 the weld
a Gooc’.

Figure 53 — Welding position vector direction and length

10.2.4.4.5 Attribute reference

The attribute reference specifies this weld position to be the reference for welds that need such a reference.
In case of corner welds, butt joints, K-joints or cruciform joints, this is needed to specify a specific side for
one of the attributes. For details, see the corresponding subclauses.
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.6 Attribute section

The attribute section defines the geometry section of the weld. The different section types that can be
used inside the definition of seam welds are listed here. The description here denotes the principles of the
sections. Details of the interpretation on the different weld type can be found in the corresponding section

for each

of the weld types.

In most cases the sections “Fillet”, “HV” and “HY” are used in seam weld connections when the head of a
sheet is welded on a base sheet. Connections putting two sheet heads together mostly use the section types

qu MV" «
’ )

Xn al’ld MY!I.

Widely used values are:

— I,

— HY,
— Fill
— Radi]
10.2.4.4

The sect

et,

us.

7 Section “1”

ion “I” describes the filling of the weld normally on the head sides of a connection. The s

filled completely and may be welded from one ortwo sides.

NOTE

10.2.4.4

The sect
weld fill

10.2.4.4

The sect]

Section “I” is not the same as seam weld subtype “i weld” (see 10.2.4.1 Type Specification).

8 Section “V”

ion “V” describes the one*sided filling of the weld with welding material that looks like a
ng provides full penetration.

9 Section “U”

ion “U” desclibes the one-sided filling of the weld with welding material that looks like a

penetratlion in m@st'cases is less than full penetration.

10.2.4.4

10" 'Section “X”

ection is

“V”. The

“U”. The

The sect

on “X” describes the filling of a two-side weld with welding material that looks like an “X”.

filling provides full penetration.

10.2.4.4

.11  Section “Y”

The weld

The section “Y” describes the one-sided filling of the weld with welding material that looks like a “Y”. Only a
part of the gap between the welded sheets is filled, thus there is no full penetration.

NOTE

Section “Y” is not the same as seam weld subtype “y_joint” (seel0.2.4.1 Type Specification).
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.12  Section “HV”

The section “HV” describes the filling of a one-sided weld with a full penetration. The welded sheet has
normally to be phased to take full advantage of the full penetration.

10.2.4.4

.13  Section “HY”

The section “HY” describes a filling of a one-side weld, but the penetration is only partial. In common cases,

the weld

10.2.4.4

ed sheet is phased partially to take again advantage of the penetration at that area.

.14  Section “Fillet”

The sect]
the shee

10.2.4.4

The sect]

ion “Fillet” describes a one-sided welding placed on the outside of the welded sheets. Depe
[ thicknesses, there can be a penetration.

15 Section “Radius”

the complete gap between the welded sheets. In most cases there is no full penetration.

10.2.4.4

The valy
between

10.2.4.4

16 Attribute thickness

e of the attribute thickness is a numerical value in the range-of (0, ). It describes the
the weld root and the weld surface. It is used for to describethe throat thickness of the we

17  Attribute width

The valule of the attribute width is a numerical value in the gange of (0, ).

10.2.4.4

18 Attribute angle

The valye of the attribute angle is a numerical value. This attribute of the <weld position/>

describe

10.2.4.4

The attr
resistan

The alloy
— yes
b no

Accordir
technol

s the angle between the weld face and the base sheet face.

19 Attribute filler

bute filler specifies whether the welding is performed using filling material. This is the
Ce or arc welding but not for laser welding.

ved values are:

g to the above rule on filling material, the default values are depending on the attribute
gy’of the element subtype (see Table 92):

nding on

ion “Radius” describes a special case where the welding material looks like a’circle but npt filling

distance
Id.

element

case for

value of

10.2.4.4

Table 92 — Default values of attribute ri11er, dependent from attribute technology

Attribute value technology Default value filler
resistance Yes
arc Yes
laser No

.20 Attribute filler material

The attribute filler material specifies the applied material during the welding process.
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.21  Attribute shape

The attribute shape defines the shape of the weld throat. Allowed values are:

— straight,

— conves,

— concave.

Independent of the shape, the weld position attributes (e.g. a-value/weld throat thickness, weld angle) are
taken with respect to the straight line (according to shape=straight). The shape value is just a hint to a
specific solver. It does not provide an exact definition whether convex or concave mean, e.g. “a segment of a

» o«

circle”,

10.2.4.4

The valy
ratio bet
represer

NOTE

positiof

is no open (unfilled) gap between the base sheet and the welded sheet.

10.2.5

10.2.5.1

The prinfciples of the modelling of butt joints for x\MCF ar€ described in this subclause. A butt joint d

a conned

The XMI|
using th
subtype

10.2.5.2

The par3

Key
tg  thicK
t;  thicK

h parabolic segment”, nor how big the deviation from the straight shape is.

22 Attribute penetration

e of the attribute penetration is a numerical value in the range [0; 1]. The walue desct
ween the thickness and the penetration of the sheets. Value of 0 means ne penetration, v|
ts complete penetration.

The attribute penetration of a <weld position/> holds for all sheets connected by thi
/> (e.g. for K-joints). If all <weld position/> atthe same welded sheetthave a sum of penetration

Butt joint

General

tion between two sheets welded at their forehéad side.

definition of a butt joint supports up to two weld positions. Each of the weld positions is §
e element <weld position/> with the'corresponding attributes and nested elements ir
definition.

Sheet parameters

meters to describe the connéction are (see Figure 54):

4

ness of base sheet
nless of welded sheet

ibes the
alue of 1

b <weld
> 1, there

escribes

pecified
side the

10.2.5.3

Figure 54 — Butt joint sheet layout

Weld parameters

The parameters of the weld are described below (see Figure 55):
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b; width of the weld at primary side,

b, width of the weld at secondary side
e; reinforcement of the weld at primary side
e, reinforcement of the weld at secondary side

Figure 55 — Butt joint parameters

In the xMICF file, the following parameters can be specified (see Table 93):

Table 93 — Parameters of butt joint per <weld position/> (W.p.)

Parameter XMCF-Key Multiplicity per |Value space Use Default valye
w.p.

B width 1 >0 Optional -

E - 1 >0 Optional 0

NOTE The reinforcement is not yet supported as an attribute in x\MCF version 3.1.1 and earlier.

10.2.5.4{ Attributes

10.2.5.4{1 Attribute base

The indgx for the base sheet is specified using the attribute base.

10.2.5.4{2 Attribute technology

The follqwing list explains the-attributes. The value for the attribute technology can be specified ysing the
following values:

— resilstance;
— arc}

— lasdr (énergy beam / laser);

— friction;
— brazing.
10.2.5.5 Element <weld position/>

For the element <weld position/>, the following attributes can be specified for the butt joint (see Table 94):
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Table 94 — Attributes of element <we1d position/> for buttjoint

Attributes Type Use Constraint
u Floating point Required Osusl1

X Floating point Required -

y Floating point Required -

Z Floating point Required -

reference Boolean Optional "false”
section Selection Optional -

width Floating point Optional -

filler Selection Optional -
fiJler_material Alphanumeric Optional -

10.2.5.5{1 Attributesu, x, y, z, and reference

The detdiled definition is provided in 10.2.4.4.

10.2.5.5[2 Attribute section

Valid VaIJes for the attribute section of a butt joint are:
t

— 1(n

be confused with seam weld subtype “i we1d”, see 10.2.4.%),

— Y (n¢t be confused with seam weld subtype “y 3éint”, see 10.2.4.1),

— Radilus.

10.2.5.5|3 Attribute width

The attr]bute value width specifies the'width of the weld.

10.2.5.5|4 Attribute filler

Valid values for the attributeTiller can be:

— yes,

— no.

Dependipg on the technology, the default value can differ, see 10.2.4.4.19 Attribute filler.

10.2.5.5.5 Attribute filler material

The attribute filler material specifies the applied material during the welding process.

EXAMPLE1 <weld position/>withrequired attributes only

<seamweld>

<butt joint base="1" technology="arc">

<weld position u="0.2" x="1" y="0" z="1"/>

<sheet parameter ... />

</butt joint>

</seamweld>
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EXAMPLE2  <weld position/> with all attributes

<seamweld>
<butt joint base="1" technology="arc">

<weld position u="0.2" x="1" y="0" z="1"
reference="true"
section="X"
width="1.5"
filler="yes"
filler material="E7018-X"/>

<sheet parameter ... />
</butt joint>
</seamweld>
10.2.5.6| Element <sheet parameter/>
For the |element <sheet parameter/>, the following attributes can be specified for the(butt jpint (see
Table 95)):
Table 95 — Attributes of element <sheet parameter/> for buttjoint
Attributes Type Use Constraint / Remarks
irjdex Integer Required It shall be referenced to <pazt/> index attribute.
gap Floating point |Optional Default value is 0.
sijeet_thickness |Floating point |Optional -
s}leet_angle Floating point |Optional -
EXAMPLE <sheet parameter/> with all attributes
<seamyeld>
<Putt joint base="1" technology="arc">
<weld position u="0.2" x="1" y="0" z="}" ... />
<sheet_parameter index="2" gap="0" .sheet thickness="1.5" sheet angle="180" />
<fbutt joint>
</seafiweld>
10.2.6 Corner weld
10.2.6.1] General
The prirfciples of the modelling.of corner welds for x\MCF are described in this subclause. A corner weld

describe

The XMI|
is specif

s a connection between two or three sheets welded together.

ied using the)element <weld position/> with the corresponding attributes and nested

inside the subtype @efinition.

10.2.6.2

Simiple corner weld

definition of a-corner weld supports up to four physical weld positions. Each of the weld positions

blements

10.2.6.2

.I—Sheetparameters

The parameters to describe the connection are (see Figure 56):
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l<

Kness of base sheet
Kness of welded sheet

10.2.6.2|2 Weld parameters

The par

Figure 5)/):

gapjetween base sheet and welded sheet
misgdlignment of welded sheet

Figure 56 — Corner weld sheet layout

hmeters of the welds are the same for all the potential-physical welds on the connect

by

O

ion (see

dy
Key
a, thiclfness of the weld (a-value, throat)
d, depth of the penetration
By weldangle
Figure 57 — Corner weld parameters
For the genetration, the ratio n; of the penetration depth to the sheet thickness is specified in the xNICF file.
: : 3.1 d’ - 1 1 . . | — L W 1 11l . 1 1 1 - s s
This is ¢ ulputcu Oy—17; ——muuj Swherethe-varmapre s SPECITYTIITG thre-werd moaexanothe—var 13b1€] 1S
t.
J

defined by the sheet index of the welded sheet related to the weld (a;in case of a corner weld equals 90° and
therefore sino;=1).

In the xMCF file, the following parameters can be specified (see Table 96):
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Table 96 — Parameters of simple corner weld per <weld position/> (W.p.)

Parameter |xMCF-Key Multiplicity Value space Use Default value
per w.p.
thickness 1 20 Optional
angle 1 20 Optional 45 [deg]
penetration 1 Osn<1 Optional 0

All other parameters are provided by the CAD or CAE model itself.

10.2.6.3 Double corner weld

10.2.6.3|1 Sheet parameters

The pargmeters to describe the connection are (see Figure 58):

—  H)H
— C1)C2

— Vi V2

10.2.6.3{2 Weld parameters

Thickness of base sheet,

Thicknesses of welded sheet,

Misalignment of welded sheet.

Gaps between base sheet and welded sheet,

Figure 58 — Double corner weld sheet layout
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a

P

d

Figure 59 — Double corner weld parameters

The pargmeters of the welds are the same for all the potential physical welds @n the connection (applies to

Figure 5P above):
— a; Thickness of the weld (a-value, throat),
— d; Depth of the penetration,

— B; Weld angle.

For the genetration, the ratio n; of the penetration depth tothe sheet thickness is specified in the xNICF file.

This is cpmputed by n; =t—’sin(x i, where variable i is-Specifying the weld index and variable j is d¢

J

the sheef index of the welded sheet related to theyweld (o in case of a corner weld equals 90° and ¢

sinoy=1),

In the xNICF file, the following parametefs can be specified (see Table 97):

Table 97 — Parameters of double corner weld per <weld position/> (W.p.)

fined by

herefore

Parameter |xMCF-Key Multiplicity Value space Use Default value
per w.p.
thickneéss 1 20 Optional
angle 1 20 Optional 45 [deg]
penetration 1 Osn=<1 Optional 0

All other] parameters are provided by the CAD or CAE model itself.

10.2.6.

Attl ibutc)
10.2.6.4.1 Attribute base

The index for the base sheet is specified using the attribute base.

10.2.6.4.2 Attribute technology
The value for the attribute technology can be specified using the following values:

— resistance,
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— arc,
— laser (energy beam / laser),
— friction,

— Dbrazing.

10.2.6.5 Element <weld position/>

For the element <weld position/> the following attributes can be specified for the corner weld (see
Table 98):

Table 98 — Attributes of element <weld position/> for corner weld

Attributes Type Use

1 Floating point Required
X Floating point Required
Y Floating point Required
y Floating point Required
Teference Boolean Optional
gection Selection Optional
thickness Floating point Optional
gngle Floating point Optional
ghape Selection Optional
penetration Floating point Optional
filler Selection Optional
filler_material Alphanumeric Optienal

10.2.6.5{1 Attributesu, x, y, z, and referénee

The detdiled definition is provided in 10.2:4:4.

10.2.6.5[2 Attribute section

Valid values for the attribute se&tion of a corner weld are:

— Fillet.

10.2.6.5|3 Attribute thickness

The attribute Thicrness specities the thickmess {a-vatue,; throat) of the weld-Depending omthre section this is
required, optional or not allowed (see Table 99):

Table 99 — Values of attribute section

Attribute value “section” Attribute “thickness”
HV Optional

U Not allowed

Fillet Required
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10.2.6.5.4 Attribute angle

The attribute angle specifies the angle of the weld relative to the base sheet. Depending on the section this is
optional or not allowed (see Table 100):

Table 100 — Values of attribute angie

Attribute value “section” Attribute “angle”
HV Optional

U Not allowed

Fillet Required

10.2.6.5|5 Attribute shape

The attr]bute shape defines the shape of the weld throat. For the allowed values, see 10.2.4.4.21.

10.2.6.5/6 Attribute penetration

The attr|bute penetration specifies the degree of penetration resulting from the®welding.

10.2.6.5|7 Attribute filler

Valid valjues for the attribute filler can be:
— vyes,
— no.

Dependipg on the technology, the default value can differ, see 10.2.4.4.19 Attribute filler.

10.2.6.5|8 Attribute filler material

The attr{bute filler material specifies the applied material during the welding process.
EXAMPLE Definition of a <corner weld/>with all attributes for the <weld position/>:

<seamyeld>
<¢orner weld base="1" techrology="resistance">
<weld position u="Q0"-x="0" y="1" z="0"
reference="false"
section="Fillet"
thickness="1.5"
angle="30"
shape="concave"
penetration="0.5"
filler="yes"
filler material="E7018-X"/>
<sheet parameter ... />
<fcofner weld>
</seawedd>

10.2.6.6 Element <sheet parameter/>

For the element <sheet parameter/>, the following attributes can be specified for the corner weld (see
Table 101):
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Table 101 — Attributes of element <sheet parameter/> for corner weld

Attributes Type Use Constraint / Remarks
Index Integer Required |Itshall be referenced to <part/> index attribute
Gap Floating point |Optional Default value is 0
sheet_thickness |Floating point |Optional -
sheet_angle Floating point |Optional -
EXAMPLE
<seamweld>
<corner weld base="1" technology="resistance">
<weld position u="0" x="0" y="1" z="0" ... />

<sheet_parameter index="2" gap="0" sheet thickness="1.5" sheet_angle="90"(/>
<fcorner weld>
</seafweld>

10.2.7 Edge weld

10.2.7.1| General

The prifjciples of the modelling of edge welds for xYMCF are described_ inythis subclause. An edge weld
describefs a connection between two sheets welded at their forehead sidé.

The XMlI} definition of an edge weld supports one position. The weldposition is specified using thel element
<weld pé¢sition/> with the corresponding attributes and nested€lements inside the subtype definition.

10.2.7.2 Sheet parameters

The pardmeters to describe the connection are (see Figure 60):

c

Key
tg  thicKness of base sheet

t;  thickness of welded sheet

¢ gap between base&heét and welded sheet

Figure 60 — Edge weld sheet layout

10.2.7.3 " Weld parameters

The parameters of the weld are (see Figure 61):

© IS0 2024 - All rights reserved
104


https://standardsiso.com/api/?name=f0da8caf3081eaed4eae5b455090acbf

Key

ISO/PAS 8329:2024(en)

b width of the weld

e reinforcement

Figure 61 — Edge weld parameters

The folldqwing parameters can be specified for the edge weld (see Table 102):

NOTE

Table 102 — Parameters of edge weld for its single <weld position/>

Parameter |xMCF-Key Multiplicity Value space Use ('\\‘ Default value
b width 1 20 Optional -
C gap 1 20 QOptional 0
e - 1 >0 Optional 0

The reinforcement is not yet supported as an attribute inMCF version 3.1.1 and earlier.

10.2.7.4{ Attributes

10.2.7.4{1 Attribute base

The indgx for the base sheet is specified using thie)attribute base.

10.2.7.4{2 Attribute technology

The value for the attribute technologyncan be specified using the following values:

— resilstance,

— arc,

— lasdr (energy beamiylaser),

— fridtion,

— Dbraging.

10.2.7.5 Element <weld position

For the element <we1d position/> the following attributes can be specified (see Table 103):
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Table 103 — Attributes of element <weld position/> for Edge Weld

Attributes Type Use

u Floating point Required
X Floating point Required
y Floating point Required
Z Floating point Required
reference Boolean Optional
section Selection Optional
width Floating point Optional
filler Selection Optional
filler_material Alphanumeric Optional

10.2.7.5{1 Attributesu, x, y, z, and reference

The detdiled definition is provided in 10.2.4.4.

10.2.7.5|2 Attribute section

Valid va

1 (n
v,

U.

Ijes for the attribute section of an edge weld are:
t

be confused with seam weld subtype “i we1ld”, seel0.2.4.1J,

10.2.7.5|3 Attribute width

The attr|bute width specifies the width of the weld-

10.2.7.5(4 Attribute filler

Valid values for the attribute filler can be:

yes,

no.

Dependipg on the technology, the default value can differ, see 10.2.4.4.19 Attribute filler.

10.2.7.5|5 Attribute filler material

The attr]bute fider material specifies the applied material during the welding process.

EXAMPLE

<

<

<seamweld>

edge weld base="1" technology="arc">
<weld position u="1" x="1" y="1" z="0"
reference="false"
section="V"
width="2"
filler="yes"
filler material="E7018-X"/>
<sheet parameter ... />
/edge _weld>

</seamweld>
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10.2.7.6 Element <sheet parameter/>

For the element <sheet parameter/>, the following attributes can be specified for the edge weld (see
Table 104):

Table 104 — Attributes of element <sheet parameter/> for edge weld

Attributes Type Use Constraint / Remarks
Index Integer Required It shall be referenced to <part/> index attribute
Gap Floating point |Optional Default value is 0
sheet_thickness |Floating point |Optional -
sﬂeet_angle Floating point |Optional -
EXAMPLE
<seamyeld>
<¢dge weld base="1" technology="resistance">
<weld position u="1" x="1" y="1" z="0" ... />

<sheet_parameter index="2" gap="0" sheet thickness="1.5" sheet ‘angle="90" />
<fedge weld>
</seafweld>

10.2.8 1-weld

10.2.8.1| General

The prirciples of the modelling of I-welds for xMCF are described in this subclause. An [-weld describes a
connection between two sheets welded together.

The XMIf definition of an I-weld supports one weld positioh. The weld position is specified using the element
<weld pé¢sition/> with the corresponding attributes-and nested elements inside the subtype definition.

10.2.8.2| Sheet parameters

The pargmeters to describe the connectipniare (see Figure 62):

C

Key
tg  thickness of base sheet

t;  thicknéss of welded sheet

¢ gap between base sheet and welded sheet

Figure 62 — I-weld sheet layout

10.2.8.3 Weld parameters

The parameters of the weld are (see Figure 63):
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o

Key
b width of the weld

Figure oo — I-weld parameters

The follqwing parameter can be specified for the [-weld (see Table 105):

Table 105 — Parameters of I-weld for its single <we1d positiomy>

Parameter |xMCF-Key Multiplicity = |Value space Use Av-f)efault value

b width 1 20 Optional -

All othel parameters are provided by the CAD or CAE model itself ,and’ are partially used td
parameters of the weld.

10.2.8.4| Attributes

10.2.8.411 Attribute base

The indgx for the base sheet is specified using the attribute base.

10.2.8.4{2 Attribute technology

The valule for the attribute technology can belspecified using the following values:
— resistance,

— arg,
— lasdr (energy beam / laser),
— fridtion,

— Dbraging.

10.2.8.5| Element<weld position/>

For the glement <weld position/> the following attributes can be specified for the I-weld (see Tablg

Table 106 — Attributes of element <weld position/> for I-weld

specify

106):

Attributes Type Use

u Floating point Required
X Floating point Required
y Floating point Required
yA Floating point Required
reference Boolean Optional
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Table 106 (continued)
Attributes Type Use
width Floating point Optional
filler Selection Optional
filler_material Alphanumeric Optional

10.2.8.5.1 Attributesu, x, vy, z, and reference

The detailed definition is provided in 10.2.4.4.

10.2.8.5/2 Attribute width

The attr|bute width specifies the width of the weld.

10.2.8.5|3 Attribute filler

Valid valjues for the attribute filler can be:
— yes,
— no.

Dependipg on the technology, the default value can differ, see 10.2.4.419 Attribute filler.

10.2.8.5|4 Attribute filler material

The attr]bute filler_material specifies the applied material during the welding process.
EXAMPLE

<seamyeld>
<] weld base="1" technology="laser">
<weld position u="0" x="1" y="1".z="1"
reference="falkse"
width="1.0"
filler="no"
filler_material="E7018—x"/>
<sheet parameter ...-/>
<fi weld>
</seafweld>

10.2.8.6| Element <shegt parameter/>

For the dlement <sheet-parameter/>, the following attributes can be specified for the I-weld (see Ta

Table 107 — Attributes of element <sheet parameter/> for I-weld

ble 107):

Attributes Type Use Constraint / Remarks

Index Tnteger Required Ttshall be referenced to <part/> INdeX attribute
Gap Floating point |Optional Default value is 0

sheet_thickness |Floating point |Optional -

EXAMPLE
<seamweld>
<i weld base="1" technology="laser">
<weld position u="Q0" x="1" y="1" z="1" ... "/>
<sheet_parameter index="2" gap="0" sheet_ thickness="1.5"/>
</i weld>
</seamweld>
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10.2.9 Overlap weld

10.2.9.1 General

The principles of the modelling of overlap welds for xMCF are described in this subclause. An overlap weld
describes a connection between two, three or four sheets welded together.

The XML definition of an overlap weld supports up to three weld positions. Each of the weld positions is
specified using the element <weld position/> with the corresponding attributes and nested elements inside
the subtype definition.

NOTE Overlap welds with four sheets have been observed. However, they are not explicitly depicted in this
documenf.

10.2.9.2| Simple overlap weld

10.2.9.2|1 Sheet parameters

The pargmeters to describe the connection are (see Figure 64):

Key
tg  thickness of base sheet

t;  thickness of welded sheet

¢ gap between base sheet and welded sheet

Figure 64 — Overlap weld sheet layout

10.2.9.2|]2 Weld parameters

The pargmeters of the weldsare the same for all the physical welds on the connection (see Figure 6p5):

a,

By

Key

a, thickness of the weld (a-value, throat)
d, depth of the penetration

By weld angle

Figure 65 — Overlap weld parameters

For the penetration, the ratio n; of the penetration depth to the sheet thickness is specified in the xMCF file.
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_d

=—, where t; is the thickness of the attached sheet (green in Figure 65 above), not
ty

In the xMCF file, the following parameters can be specified (see Table 108):

Table 108 — Parameters of overlap weld per <weld position/> (W.p.)
Parameter |xMCF-Key Multiplicity Value space Use Default value
per w.p.
thickness 1 >0 Optional -
angle 1 20 Optional 45 [deg]
penetration 1 0<sn<1 Optional 0
All othe

paramet]

10.2.9.3

The sing

10.2.9.3

The pare

ers of the weld.

' parameters are provided by the CAD or CAE model itself and are partiallyZused tdg

Single sided double overlap weld

le sided double overlap weld is represented by a stacked welding, see Bigure 66.

1 Sheet parameters

meters to describe the connection are (see Figure 66):

specify

G

Key
tg  thickness of base sheet
t; thicknesses of welded sheets
¢; gaps|between sheets
Figure 66 — Single sided double overlap weld layout
10.2.9.3|2 Weld parameters
The parameters-ofthe-welds-are-thesameforal-the-weldsentheconneetion{see Higure 673
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a
d
B; weldangles

i depths of the penetrations

;  thicknesses of the welds (a-value, throat)

Figure 67 — Overlap weld parameter details for lower (left) and upper (right) weld sectjon

For the genetrations, the ratios n; (i=1, 2) of the penetration depths to the shéétthicknesses are sp¢cified in

the xMCF file.

d.
They arq computed by n; :t—’sina

J

J

where index i is specifying the-weld index and index j is defin¢d by the

sheet index of the welded sheet related to the weld.

In the xNICF file, the following parameters can be specified(see Table 109):

Table 109 — Parameters of single-sided double overlap weld per <weld position/> (W.p.)

Parameter |YMCF-Key Multiplicit{.O\Value space Use Default value
perw.p.

A thickness 1 20 Optional -

B angle 1 20 Optional 45 [deg]

n penetration 1 O<n=<l1 Optional 0

All othef parameters are provided by the CAD or CAE model itself and are partially used td

parameters of the weld.

10.2.9.4

Double-sided double overlap weld

A doublg-sided double overlap weld allows for welds on both sides of the base sheet, see Figure 68.

10.2.9.4{1 Sheet parameters

The pars
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Key

tg  thicness of base sheet ™
thicknesses of welded sheets QQ/
. gaps|between base and welded sheets

t.

i
c

10.2.9.4

The pargmeters of the welds are the same for all the welds on the connes@bn (see Figure 69):

Key

a;

thick
d; dept
p;  weld

For the
the yMC

They are

ISO/PAS 8329:2024(en)

S

Figure 68 — Double-sided double overlap weld layout _

S
Zv
O\

2 Weld parameters

O
@ X
QV
B
%
$\'\Q i
d N 2
1 \Q,
(left side: upper seg\@n — right side: lower section)
o5
O

nesses of the welds (a-value, throat

angles C)O®

Figusgb9 — Parameters of double-sided double overlap weld

hs of the penetrations

enetration@@he ratios n; (i=1, 2) of the penetration depths to the sheet thicknesses are spg

F file.
O

d.
@anted by n; =t—'sinaj where index i is specifying the weld index and index j is defing

I

sheet index of the welded sheet related to the weld.

In the xMCF file, the following parameters can be specified (see Table 110):
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Table 110 — Parameters of double-sided double overlap weld per <weld position/> (W.p.)

Parameter XMCF-Key Multiplicity|Value space Use Default value
per w.p.

A thickness 1 20 Optional -

B angle 1 20 Optional 45 [deg]

| penetration 1 Osn<1 Optional 0

All other parameters are provided by the CAD or CAE model itself and are partially used to specify
parameters of the weld.

10.2.9.5[ Attributes

10.2.9.5[1 Attribute base

The indgx for the base sheet is specified using the attribute base.

10.2.9.5|2 Attribute technology

The value for the attribute technology can be specified using the following vatues:
— resilstance,

— arg,
— lasdr (energy beam / laser),

— friqtion,

— Dbraging.

10.2.9.6| Element <weld position/>

For the |element <weld position/>, the follewing attributes can be specified for the overlap weld (see
Table 11]1):

Table 111 — Attributes of element <weld position/> for overlap weld

Attributes Type Use
ll>ase Integer Optional
I Floating point Required
Floating point Required
Y Floating point Required
y Floating point Required
refererice Boolean Optional
gection Selection Optional
thickness Floating point Optional
angle Floating point Optional
shape Selection Optional
penetration Floating point Optional
filler Selection Optional
filler_material Alphanumeric Optional

10.2.9.6.1 Attributesu, x, vy, z, and reference

The detailed definition is provided in 10.2.4.4.
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10.2.9.6.2 Attribute base

For this type of weld, the pase sheet can be specified inside the element <weld position/>. This is necessary
in the case of a stacked welding with two welded sheets.

10.2.9.6.3 Attribute section
The only valid value for the attribute section of an Overlap Weld is:
— Fillet.

This value is the default if the section attribute is not specified.

10.2.9.6/4 Attribute thickness

The attr]bute thickness specifies the thickness (a-value, throat) of the weld.

10.2.9.6/5 Attribute angle

The attr{bute ang1e specifies the angle of the weld relative to the base sheet.

10.2.9.6/6 Attribute shape

The attr]bute shape defines the shape of the weld throat. For the allowed’values, see 10.2.4.4.21.

10.2.9.6,7 Attribute penetration

The attr|bute penetration specifies the degree of penetration-resulting from the welding.

10.2.9.6/8 Attribute filler

Valid valjues for the attribute filler can be:
— vyes,
— no.

Dependipg on the technology, the défault value can differ, see 10.2.4.4.19 Attribute filler.

10.2.9.6/9 Attribute filler(meterial

The attrlbute filler matexrial specifies the applied material during the welding process.
EXAMPLE Definition-6f <weld position/> with all attributes exceptbase:

<seamyeld>
<¢verlap_weld base="1" technology="resistance">
fweld position u="0" x="0" y="0" z="1"
reference="false"
section="Fillet"
thickness="1.5"
angle="30"
shape="concave"
penetration="0.5"
filler="yes"
filler material="E7018-X"/>

<sheet parameter ... />
</overlap weld>
</seamweld>
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10.2.9.7 Element <sheet parameter/>
For the element <sheet parameter/>, the following attributes can be specified for the overlap weld (see
Table 112):
Table 112 — Attributes of element <sheet parameter/> for Overlap Weld
Attributes Type Use Constraint / Remarks
index Integer Required It shall be referenced to <part/> index attribute
gap Floating point |Optional Default value is 0
sheet_thickness |Floating point |Optional -
sﬂeet_angle Floating point |Optional -
EXAMPLE Definition of <sheet parameter/>including optional parameters
<seamyeld>

<

<
</seaj

10.2.10)

10.2.10.

The prin

verlap weld base="1" technology="resistance">

<weld position u="0" x="0" y="0" z="1"/>

<sheet_parameter index="2" gap="1.0" sheet thickness="1.5" sheet)angle="0"/>
overlap weld>
weld>

y-joint
1 General

ciples of the modelling of Y-joints for xMCF are desctibed in this subclause. A Y-joint de

connection between two or three sheets. The Y-joint definesa connection between a welded she

base shd
paramet

et. There are two potential physical welds thatan be specified for this type of connect
ers for each of the welds can be described separately.

bcribes a
et and a
ion. The

pecified
side the

d be from

The XM} definition of a Y-joint supports up to thrée weld positions. Each of the weld positions is §
using thle element <weld position/> with the(Corresponding attributes and nested elements in
subtype|definition.

NOTE The two most common welding pesitions are shown in Figure 70. The third welding position woul
undernedth the base sheet, using a laser.

10.2.10.2 Sheet parameters

The pardmeters to describe’tli€ connection are (see Figure 70):

— tg| Thickness'of base sheet,

— Yy Thickness of welded sheet,

—  «a Sheet angle of welded sheet,

— C Gay betweenrbaseand-wetded-sheet:
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10.2.10.3 Weld parameters

Figure 71 — Parameters.of Y-joint

The pardmeters of the welds are the same for the four potential physical welds on the connection (applies to
both sulffigures of Figure 71):

— a; Thicknesses of the welds (a-value, throat],

— d; Depths of the penetrations,
— B; Weld angles.

For the fjenetration, the ratio n; ofithe penetration depth to the sheet thickness is specified in the yNICF file.

d.
This is cpmputed by 7; =t—'sina- , where index i is specifying the weld index and index j is defingqd by the

vl
sheet index of the welded sheet related to the weld.

In the xMICF file, only a subset can be specified (see Table 113):

Table 113 — Parameters of Y-joint per <weld position/> (W.p.)

Parameter XMEF-Key Multipticity per TVatuespace tse Defauitvatde
w.p.
thickness 1 >0 Optional -
angle 1 20 Optional 45 [deg]
penetration 1 Osns=1 Optional 0

10.2.10.4 Attributes
10.2.10.4.1 Attribute base

The index for the base sheet is specified using the attribute base.
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10.2.10.4.2 Attribute technology

The value for the attribute technology can be specified using the following values:

— resistance,

— arc,

— laser (energy beam / laser),

— friction,

— brazing.

10.2.10.p6 Element <weld position/>

For the dlement <weld position/>, the following attributes can be specified for the Y-joint{(see Tablle 114):

Table 114 — Attributes of element <we1d position/> for Y-joint

Attributes Type Use
1I>ase Integer Optional
I Floating point Required
Floating point Required
Y Floating point Required
y Floating point Required
reference Boolean Optional
gection Selection Optional
thickness Floating point See attribute description
gngle Floating point Seeattribute description
penetration Floating point See attribute description
filler Selection Optional
filler_material Alphanumeric Optional
ghape Selection, Optional

10.2.10.5.1 Attributes u, x,(y,” z, and reference

The detdiled definition is provided in 10.2.4.4.

10.2.10.5.2  Attribute’vase

For this|type of4veld, the base sheet can be specified also inside the element <weld position/3. This is
necessatly in thecase of a stacked welding with two welded sheets.

10.2.10.5.3 Attribute section

The attribute section can be absent in the case of attribute value technology="1aser" inside the element
subtype.

Valid values for the attribute section (if present) of a Y-joint are:
— Fillet,
— v,

— HY.
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10.2.10.5.4  Attribute thickness

The attribute thickness specifies the thickness (a-value, throat) of the weld. Depending on the entry in
section this is required, optional or not allowed (see Table 115):

Table 115 — Value dependency of attribute thickness

Attribute value “section” Attribute “thickness"
HV Optional

HY Not allowed

Fillet Required

10.2.105.5 Attribute angie

The attr]bute angle specifies the angle of the weld relative to the base sheet.

10.2.10.5.6 Attribute penetration

The attr|bute penetration specifies the degree of penetration resulting from the®welding.

10.2.10.,5.7 Attribute shape

The attr]bute shape defines the shape of the weld throat. For the allowed values, see 10.2.4.4.21.

10.2.10.5.8 Attribute filler

Valid valjues for the attribute fi11er can be:
— vyes,
— no.

Dependipg on the technology, the default value can differ, see 10.2.4.4.19 Attribute filler.

10.2.10.5.9 Attribute filler material

The attrlbute filler material speeifies the applied material during the welding process.
EXAMPLE Definition of a Y-joint'with all parameters for two <weld positions/>:

<seamyeld>
<y joint base="1")technology="resistance">

<weld position u="0.5" x="1" y="Q0" z="1"
reference="false"
section="HY"
thickness="0.5"
angle="30"
penetration="0.5"
filler="yes"
Tirter materizI="E7018=X
shape="concave" />

<weld position u="0.2" x="-1" y="0" z="1"
reference="false"
section="HY"
thickness="0.5"
angle="45"
penetration="0.5"
filler="yes"
filler material="E7018-X"
shape="concave" />

<sheet parameter ... />

</y_joint>
</seamweld>
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6 Elenﬂent<sheet_parameter/>

For the element <sheet parameter/>, the following attributes can be specified for the Y-joint (see Table 116):

Table 116 — Attributes of element <sheet parameter/> for Y-joint

Attributes Type Use Constraint / Remarks
index Integer Required It shall be referenced to <part/> index attribute
gap Floating point |Optional Default value is 0
sheet_thickness |Floating point |Optional -
sheet_angle Floating point |[Optional -
EXAMPLE
<seamyeld>
<y joint base="1" technology="resistance">
<weld position u="0.2" x="1" y="0" z="1" .../>
<sheet parameter index="2" gap="1.0" sheet_ thickness="1.5" sheet ‘angle="180"/p
<{y joint>
</seaweld>
10.2.11K-joint
10.2.1111 General
The K-jo|nt connects two welded sheets from the same side to a base sheet.

There a
for each

Figure 7
The XMI|

using thle element <weld position/> with the corresponding attributes and nested elements in

subtype

10.2.11.

The pare

e four potential physical welds that can be specified-for this type of connection. The pat
of the welds can be described separately. The three most common welding positions are §
P. The fourth weld position would be from underneath the base sheet, using a laser.

| definition of a K-joint supports up to fourweld positions. Each of the weld positions is §

definition.

2 Sheet parameters

meters to describe the conuection are (see Figure 72):

tg  thickness of base sheet

t;  thicknesses of welded sheets

¢; gaps

. sheet angles of welded sheets

between base and welded sheets

Figure 72 — K-joint sheet layout
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