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Disclaimer

VDA |/ prostep ivip Recommendations (VDA / PSI Recommendations) are
recommendations that are available for general use. Anyone using these
recommendations is responsible for ensuring that they are used correctly. This VDA /
PSI Recommendation gives due consideration to the prevailing state-of-the-art at the
time of publication. Anyone using VDA / PSI Recommendations must assume
responsibility for his or her actions and acts at her/his own risk. The prostep ivip
Association, the VDA and the parties involved in drawing up the VDA / PSI
Recommendation assume no liability whatsoever. We request that anyone
encountering an error or the possibility of an incorrect interpretation when using the
VDA / PSI Recommendation should contact the prostep ivip Association
(psiissues@prostep.com) immediately so that any errors can be rectified.

Copyright

1. All rights to this VDA/PSI Recommendation, in particular the copyright rights of
use, and sale such as the right to duplicate, distribute or publish the
recommendation, remain exclusively with the prostep ivip Association and the
VDA as well as their members.

2. This VDA/PSI Recommendation may be duplicated and distributed unchanged,
for instance for use in the context of creating software or services.

3. ltis not permitted to change or edit this VDA/PSI Recommendation.

4. A suitable notice indicating the copyright owner and the restrictions on use must
always appear.
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1 General

1.1 Preamble

The complexity of today's vehicle electrical systems is constantly growing. A vast
variety of options is on the market. Firmly organized and integrated cross-company
development processes are essential, combined with powerful, integrated IT
infrastructures to support all cross stakeholders.

Against this background, the prostep ivip project group iVe hi cl e El ectri ca
Wo r k f | o wan# its pradecessors have developed standardised data formats for

the uniform description of wiring harnesses and related data. Providing the Harness

Description List (KBL, PSI 19/VDA 4964) and supplementing schemas was a leap

forward regarding the improvement of car electric development processes and their

integration in the development processes for complete vehicles.

However, supporting the whole electric development processes and providing an

integrated view on the complete electrical network of a vehicle was not in the scope of

the provided specifications. Additional use cases must be addressed. The objective of

the prostep ivip projectgroupi Ve hi cl e El ectri cal 8yiesdleetms Wor
these use cases and specify the Vehicle Electric Container (VEC) based on them as

the required standardised data format in this context.

The VEC data format specification harmonizes and integrates the already existing
solutions with the newly gathered requirements. The VEC data format specification
addresses a significantly extended amount of use cases, focussing not only on one
single wiring harness but on an electric system as a whole. The VEC data format
specification supports a great variety of data exchange use cases all along the electric
system development process.

The definition of the VEC was done with a focus on the requirements of the automotive
industry. However, it is not restricted to this domain and it is expected that the VEC
specification is applicable in aerospace industry and others as well.

1.2 Objectives of the recommendation

This Recommendation contains the specification of the VEC data format with the
objective to

ADefine a commonly agreed vocabulary and object semantics for the domain of the
electrical design process in vehicles

AFacilitate data exchange between development and business partners in the
context of physical electric system development and production planning

AEnable tool integration as well as tool-spanning traceability and tool-spanning
change management

AReduce complexity and at the same time increase flexibility by better decoupling
tools and data

ASupport paperless processes

AProvide a perspective for a solution for requirement in the context of long-term
preservation

Concrete use cases are described in chapter 2.

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020



Page 10 of 355 prostep ivip / VDA Recommendation

Note: The VEC data format definition is explicitly not intended to be interpreted as a
recommendation for the definition of the internal database structure of software tools.

1.3 Changes to preceding versions

Between this Version (1.2) and the direct predecessor (Version 1.1) over 190 individual
issues have been addressed. The following section lists the main subjects that have
been changed, improved or added. A complete and detailed change history is available
in the ECAD Wiki and in the issue tracking system.

Changes that affect the resulting schema in an incompatible way are marked with a
AX0 in the | ast col umn. For morld. detail s on

Change Inc.

Reorganization of the Model Outline (Chapter 5)

A d d eGeneral Guidelineso f or requirements on V
not strictly related to the model structure (Chapter 4).

Added model documentation to the generated XML Schema files.

General orthogonal grouping concept to represent functional mappings and
requirements (see AssignmentGroup)

Added concept for the instantiation of topologies.

Added concept for hierarchical topologies supporting multiple use case (e.g.
better traceability between geometry and harness process, splice position
optimization, layered segments with a defined inner structure, composite
segments, ¢€)

Added concept for assigning topologies to zones.

Completely revised the interpretation of Net- & ConnectionSpecification | X
(Architectural Layer & System Schematic)

Refactoring of the multi-core representation X

Added support for FIT-Rates for components

Added concept to express conformance with requirements (see
RequirementsConformanceSpecification)

Added concept to define application constraints on instances (e.g. component
nodes) (see ApplicationConstraint)

Added concept for common variant configurations (base inclusion)

Added concept to define system schematic traceability for directly mated E/E
components.

Added concept to define multicores in their usage (similar to twisted pairs)

Added concept for traceability between wires and their respective fusing.

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020
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Added concept to define bending restrictions on topologies.

Added concept to define baselines (well defined sets of IltemVersions)

Added concept to integrate with the 3D geometries of individual components
(e.g. bounding box,

Added concept for default tolerance definitions

Added concept for wire addons in connectors.

Allowed part usage (component instances without part number) in the bill of
material.

Added support for component selection tables.

Added concepts to support 150% E/E component definitions.

Added concepts for the description of fuse boxes and other E/E-Components

1 internal connectivity
1 variance of internal connectivity
1 modularity

Improved modification tracking / change detection for the digital representation
of documents (independent from the approval process in the domain)

Refactored 3D representation of segments. Dropped current 3D-curve model | X
and replaced it by complete representation of NURBS.

Added concept for integrated terminals and supplementary components in
different contacting situations (e.g. wire fixations)

Clarification that contact points are free of variance.

Refactored attributes for compatibility definitions between terminals, plugs, | X
cavities, seals and wires.

Added concept for flat band wires and flat cores.

Dropped support for conformance classes.

Added support for grouping component ports by connector. X

Definition of complex part relations

Support for complex custom properties und multiple primitive types.

Added support for hierarchical structures on variant groups and added multiple
attributes to the classes in the variant configuration scope.

Added support for grommets sealed with additional single wire seals.

Refactored concept for supplementary parts of components in specified | X
locations (e.g. Slots)

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020
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Added support for diodes

Added support for cable ties

Added support for multi-fuses

The following list contains all minor changes, that affected schema compatibility.

Refactored and renamed AContact Syst|X

Path mistakenly inherited from ConfigurableElement

Moved AirefertenchEd @eieatti on from
OccurrenceOrUsage

Refactoring of WireProtectionRole, introduction of TapeRole X
Redefined semantics for ConnectionGroup and NetGroup X

Removed SealingClass and AbrasionResistanceClass (replaced by general | X
concept RobustnessProperties).

>

Removed CompatibilityStatement & CompatibilitySpecification

Refactored modular slot definition (now using indirect references with |X
PartVersion)

Refactored Copyrightinformation

Moved attribute TerminalSpecification.angle to WireReception

Removed Signal from Net-Layer

Refactoring of SheetOrChapter

X | X | X | X | X

Deprecation of CavityDesign in TerminalReceptionSpecification and
CavitySpecification

1.4 Compatibility to preceding versions

Version 1.2 is an extension of version 1.1. Model changes and extensions are guided
by the fundamental principle of keeping already implemented concepts downward
compatible as far as possible. However, this was not possible in all cases.

Compatibility is defined in the context of this document as the possibility that XML
documents created for version 1.1 are still (schema) valid version 1.2 documents. In
that sense, incompatible changes will result in schema validation errors if the version
1.1 file uses the affected model elements. Such changes are listed in Chapter 1.3
explicitly.
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Additionally, version 1.2 introduces a large amount of open enumerations. As this
reduces the degree of freedom in the model it is very likely that version 1.1 VEC files
will not validate against the 1.2 strict schema.

Other changes that might be interpreted as incompatible, even without producing
schema validation errors, are all improved or clarified documentations, as it might occur
that earlier interpretations are now explicitly invalid model interpretations.

All VEC implementations that currently use custom properties for elements that have
now (introduced with this version) explicit concepts should be changed accordingly.
1.5 Document structure

Chapter 2 describes some exemplary use cases for the application of the VEC data
format.

Chapter 3 breaks down the requirements that the VEC data format specification has to
meet.

Chapter 4 explains general concepts and guidelines that apply in a more cross-
sectional way and cannot be linked to a specific individual model element.

Chapter 5 explains the meta model of the VEC data format and explains the concrete
XML-based syntax of the VEC data format.

Appendix A contains a glossary for the most common abbreviations.

Appendix B contains the detailed meta model specification with a definition of all
classes, attributes and relationships in alphabetical arrangement.

1.6 Abbreviations, terms and definitions

See Appendix A for a list of relevant abbreviations, terms and definitions.

1.7 Reference

Further information about this recommendation and related documents and
specifications (e.g. the VEC.xsd) are available from

AThe VDA and its working party PLM (see http://www.vda.de)

AThe prostep ivip Association respectively the project groups VES Workflow
Forum and ECAD-implementer forum (see
https://www.prostep.org/en/medialibrary/publications, https://ecad-
wiki.prostep.org/)

In addition to that, special reference goes to the recommendation PSI 19 / VDA 4964
Harness Description List (KBL) as previous recommendation.
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2 Exemplary business use cases

This chapter describes some exemplary business use cases for the application of the
VEC data format. The VEC has been designed with these business cases in mind.
However, this list shall not be considered as complete or as a restriction of the usage
of the VEC.

2.1 UC1: Exchange of components data (part master data)

The VEC data format specification must have a scalable concept for the exchange of
part master data. This includes at least the following sub use cases which can appear
separately or in any combination:

AUC1.1: Exchange of components data (part master data) with focus on their
technical features

o Example: components data exchange between components supplier
and OEM in order to support design engineers to find and choose
applicable parts out of a technical perspective

AUC1.2: Exchange of components data (part master data) with focus on meta
data

o Example: components data exchange between components supplier
and OEM in order to support design engineers to find and choose
applicable parts out of an organisational perspective (e.g. considering
approval i nformation, existence

AUC1.3: Exchange of components data (part master data) with focus on relational
data

o Example: components data exchange between OEM and a
development partner for the definition which cavities, terminals, cavity
seals, cavity plugs, and wires are compatible respectively approved

o Example: Supply tools with data that produce the final wiring harness
definition (in combination with a geometry and a connectivity
specification as well as inclusive steps like automatic terminal
calculation)

AUC1.4: Exchange of components data (part master data) as far as needed for
the understanding of a wiring harness description

o Example: The KBL case

2.2 UC2: Exchange of connectivity data

The VEC data format specification must have a scalable concept for the exchange of
(normally configuration based) connectivity data in the context of the car electric
system. This includes at least the following sub use cases which can appear separately
or in any combination:

AUC2.1: Exchange of architectural data
o0 Example: For seamless traceability up to an abstract function level
o Example: Abstract description of necessary system connections
o Example: Supply schematics design tools with data in order to facilitate
the schematics design process

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020
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AUC2.2: Exchange of schematics data

o Example: Exchange of schematics data between tools for concept tools
(tools that allow the evaluation of different electric architectures) and
conventional schematics design tools.

o Example: Supply schematics design tools with data in order to facilitate
the wiring design process

o Example: Supply routing tools with data (in combination with a
geometry specification)

AUC2.3 Exchange of wiring data

o Example: Support data exchange between OEM and a development
partner that can be either requested to complete a wiring definition or
alternatively provide a final wiring harness definition

o Example: Supply tools with data that produce the final wiring harness
definition (in combination with the necessary components data and a
geometry specification as well as inclusive steps like automatic terminal
calculation)

o0 Example: Supply routing tools with data (in combination with a
geometry specification)

o Example: Supply tools with data that support the tracing of energy
paths

o Example: Supply tools with data that support the service documentation
process

2.3 UC3: Exchange of geometry data

The VEC data format specification must have a scalable concept for the exchange of
(normally configuration based) geometry data in the context of the car electric system.
This includes at least the following sub use cases which can appear separately or in
any combination:

AUC3.1: Exchange of topology and relating part placement information

o Example: Support data exchange between OEM and a development
partner who can be either requested to complete a geometry
description or alternatively provide a final wiring harness definition

o Example: Supply tools with data that produce the final wiring harness
definition (in combination with the necessary components data and a
connectivity specification as well as inclusive steps like automatic
terminal calculation)

o Example: Supply routing tools with data (in combination with a
connectivity specification)

o Example: Supply tools with data that support the service documentation
process

o Example: Supply concept tools with geometry data (tools that allow the
evaluation of different electric architectures)

AUC3.2: Exchange of 2D harness drawing data
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o Example: Support layout-based discussions between OEM and a
development partner

o Example: Supply tools with data that have to visualise topology data
AUC3.3: Exchange of 3D wiring harness geometry data

o Example: Support data exchange between OEM and a development
partner respectively harness manufacturer

o Example: Supply 2D harness drawing tools with data

2.4 UC4: Exchange of wiring harness data

The VEC data format specification must have a scalable concept for the exchange of
(normally configuration dependent) wiring harness data. This includes

AThe relevant part master data (compare UC1.4)
AThe relevant wiring data (compare UC2.3)
AThe relevant geometry data (compare UC3.1 - UC3.3)

At least the following sub-use cases have to be supported:
AUCA4.1: Exchange of bill of material data (e.g. module-based)
o Example: Supply tool for cost and/or weight calculation with data
AUC4.2: Exchange of connection list data (e.g. module-based)
o0 Example: Supply tools for test application development with data
AUC4.3: Exchange of complete 150% wiring harness data

o0 Example: Support data exchange between OEM and harness
manufacturer in the context of the processes cost calculation,
production planning and change management

o Example: Supply reporting tools with data
o Example: Supply EMC-simulation tools with data

2.5 UCS5: Exchange of an integrated model of acomplete vehicle network

The VEC data format specification must offer a concept for the data exchange of the
above-mentioned use cases in an integrated way. This includes traceability links
between the different sections of the model.

3 UCS.1: Exchange of all wiring harnesses of a vehicle together.
o Example: Supply customer service diagnosis with relevant information to
localize failures.
o Example: Perform simulations related to the complete vehicle network
(e.g. voltage drops)
3 UCS.2: Exchange of wiring harness data together with its different geometrical
views (e.g. 3D mounting position, form board)
o Example: Generate 100% variants of the harness geometry to support
collision detection in the DMU.
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o Example: Support the inclusion of environment aspects (e.g. heat, crash)

in automated validation algorithms.
3 UCS.3: Exchange of wiring harness data together with its corresponding system
schemattic.

o Example: Supply simulations tools (e.g. EMC) with information about
signals and system relevance of concrete wires.

o Example: Supply engineers and workshop personal with information to
allow a better understanding of the role of specific harness elements in
the context of the overall system.
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3 Requirements on the VEC
This chapter summarises the requirements for the VEC data format.

3.1 Requirements in the PDM context / addressing PDM data

3.1.1 Project reference

Each part / part version description (not part instance description) must be able to
express a project reference respectively a special model series reference. The
reference is meant to specify the project respectively the model series for which the
part has been / is going to be developed.

3.1.2 Part Usage Constraints

Each part / part version description must be able to optionally express one or more
dedicated constraints about the permitted usage of that part. These constraints are
meant to be independent of approval information and can address the following
aspects

AVehicle
o Vehicle project / model series (CarClassificationLevel2)
o Vehicle derivative (CarClassificationLevel3)
o Vehicle model (CarClassificationLevel4)

ATechnical Equipment (by option code, e.g. country code, for special-purpose
vehicles)

ATime constraints
0 Absolute time constraints
o Constraints addressing the construction phase / model year
o Constraints addressing the serial number

APoint of use in the context of the electric system

3.1.3 Approval information (stating a general permission for use)

For each item / item version (item: part or document), the VEC data format specification
must have a concept to optionally express the status of approval. The following values
are cross-company agreed:

ANotYetApproved
AApproved
Awithdrawn

Beyond that, the VEC data format specification must have a concept to cope with
company specific values concerning the approval level. Finally, the VEC data format
specification must have a concept to express further details of a certain approval

AA certain identification
AThe person (name, company and department) who approved the part
AThe date of approval
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3.1.4 Change history

For each item / item version (item: part or document), the VEC data format specification
must be able to express the complete change history. This addresses the following
aspects

ACreation information
o The person (name, company and department) who created the item
0 The creation date
AVersion / Version history information
0 The version index of each item version
o The direct predecessor item versions (by item number and item version)

regarding the two agreed item versi

AChange information

o The one or more change descriptions each specifying one or more of the
following aspects

A The description of an actual change in comparison to the direct
predecessor-version(s) in an informal way

A certain label (relevant for drawings)
The change date

The responsible designer

The related change order

LD > > > >

The related change requests
A The approver of the change

Note: The VEC data format specification must have a concept to express change
history information as specified completely in separate which means without any
further technical details.

3.1.5 Conformance with Requirements

The VEC data format specification must have a concept to express conformity (or non-
conformity) of parts with certain requirements or specifications. There are various use
cases where parts / components are qualified against specific requirements or
specifications (e.g. type-examinations, suitability for certain areas of application or
manufacturing methods). The result is an explicit statement about the conformity (or
non-conformity) of the component.

3.1.6 External References

For each part the VEC must be able to specify a document reference (by referring
document number and version). Normally, such references can be resolved over a
period of several years (which is better than a combination of a file path and file name).

In addition, for selective content/elements the VEC must be able to explicitly refer to
external files. This can be helpful e.g. for files containing graphically represented
installation instructions.
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3.1.7 VEC file-spanning correlations

The VEC data format specification must have a transparent concept that makes it easy
for analysing tools to unambiguously calculate correlations between one VEC file
(received at a time A) and another VEC file (received at a different time B). Thereby,
the following types of correlation are required to be recognisable:

ANo correlation
AExtension of information
AChanges

3.1.8 Baselines

The VEC data format specification must have a concept to group versioned elements
(parts & documents) to a valid baseline.

3.2 Requirements addressing variance information

A multi-variant system/product is often described by a set of variant-free (non-variant)
building blocks and a set of rules that defines under which conditions these building
blocks are contained in a manufactured product. Such a specification is often referred
to as a 150%-definition, because it contains more features than any actually
manufactured product. The VEC data format shall contain concepts to support this
approach in an appropriate way.

To express 150%-definitions it is required to specify variant configuration terms on
relevant configurable elements. The variant configuration terms express the conditions
for a product configuration, under which the respective element exists. Depending on
the process, this configuration mechanism can be attached to different design
elements (e.g. connections in a system schematic, topology segments in a harness
geometry definition or modules in a customer specific harness (KSK).

Variant configuration terms are based on a set of product properties/features with cross
relations (e.g. mutual exclusion, dependency on each other). Together they define the
possible variety of the product. The VEC shall not restrict the amount, the naming nor
the semantics of these properties/features and the cross relations. Examples for such
properties/features are: the product model, the right- or left-hand-driving, the engine
fuel type, the body style as well as different equipment features such as seat heating,
air conditioning or driver assistance systems.

The VEC data format specification shall support definition of variant and non-variant
elements. Non-variant elements are characterized by the fact that their content is either
completely or not at all contained in a manufactured product (e.g. a harness module in
a customer specific harness, or an atomic component like a connector). Non-variant
elements can in turn be part of variant elements. Variant elements are characterized
by the fact that their content is dependent on a concrete product configuration and
normally only a fraction of the content is contained in a manufactured product (e.g. the
description of a customer specific harness).

The following chapters specify some further general requirements concerning the
expression of variance information. In addition, the subchapters of the physical
harness, component description, topology/geometry, and connectivity perspectives

specify
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AFor which concrete elements the VEC needs to be able to specify variant
configuration terms.

AHow and for which elements the VEC needs to be able to express non-variant
content respectively variant content.

3.2.1 Variant configuration terms

It is required that the VEC data format specification has a unified concept for the
assignment of variant configuration terms. Elements for which the appearance in a
configuration is dependent on the same motivation shall be able to refer the same
variant configuration term instance.

The VEC data format specification is required to offer two alternative ways for the
expression of a variant configuration term which are equivalent out of the
standardisation perspective.

AExpression as a character string that meets a standardised syntax that is either
directly defined by the VEC data format specification or by related documents.

AExpression as a character string without any limitations by the VEC data format
specification.

3.2.2 Inheritance of variant configuration terms

The VEC data format specification must have a concept to define variant configuration
terms that are in common for a set of elements and that are extendable for specific
elements. E.g. all elements in a system schematic share a common base variant
configuration term. However, some elements can have more restrictive variant
configuration terms.

3.2.3 Vocabulary of variant configuration terms

The VEC data format specification must have a concept that allows the separate /
independent definition of the vocabulary (the set of valid literals) that is used for the
specification of variant configuration terms. This concept must be free of constraints
concerning the number of identifiers as well as the naming of the identifiers.
Furthermore, the concept is required to allow the specification of the complete
vocabulary or alternatively a selected fraction.

Note: The VEC data format specification is not wanted to standardise the vocabulary
itself respectively any identifiers.

The concept for the specification of the vocabulary must allow the definition of

identifiers for elementary elements as well as identifiers for grouping elements. Some
examples for el ement arhyaned edmweinvtes vaerhei:c IfieL)L,0 A((
and AESCO (electronic stability control). G
various elementary elements. Thereby, the grouping type must be able to be defined.

Some exampl es for an aggregating grouping
properties/ features that are included in th
certain equipment package). An example for an exclusive grouping is the vehicle

driving type which can be either right-hand driving or left-hand driving.
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3.3 Requirements out of the physical harness perspective

Out of the KBL-perspective, the VEC data format specification must enable the
description of all data that a manufacturer needs to plan the wiring harness production.
This includes the description of single wiring harnesses as well as so called 150%-
harness descriptions that may be furthermore structured in several potentially
overlapping modules.

3.3.1 Part descriptions

The VEC data format description must have a concept which allows the specification
of the relevant part master data. This includes, but is not restricted to:

Aldentification

o Part number

o Version identification

o Company reference
AReference to relevant documents(e . g. dr awings, requi-r
AAbbreviation (e.g. a certain string that is generated out of certain attributes)
ADescription (e.g. -fiiCbn)nector Housing

AMaterial together with a reference to the relevant material reference system
(e.g.DI N, VDE, ¢é)

AColour information together with a reference to the relevant colour reference
system

AMass information (together with the corresponding unit)
AFIT rates
Aln case of wires
o Cross section area
o0 Wire type
o In case of multi core wires an identification for each of the single cores
o Wire groupings (together with the relevant twisting specification)
Aln case of connector housings
o Coding
0 Structure
A Slots together with an identification for each slot
A Cavities together with an identification for each cavity
0 Modular connectors
0 Required addons for wires
Aln case of terminals
o0 Terminal type
o Nominal size
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3.3.2 E/E component interfaces

The VEC format specification must have concept to describe the interfaces of E/E
components with information that is required within the scope. This includes, but is not
restricted to:

3 Mechanical / physical interface

o Connector geometry

o Pin properties (e.g. plating material)
3 Electrical Interface

o Voltage level (variant dependant)

o Current profiles (variant dependant)

o Internal connectivity (variant dependant, but not software controlled)
3 Pluggability

o with the wiring harness

0 between E/E components (e.g. fuse box & fuse)

3.3.3 Assembly / harness module / harness configuration set parts list

The VEC format specification must have a uniform concept for the unambiguous
specification of parts lists (addressing all associated subparts like connector housings,
terminals, wires optionally together with the length information for each core, wire
protections, fixings, grommets, and their quantity). This is equally relevant for simple
assemblies as well as harness modules and complete harness configuration sets. The
parts lists have to be version precise.

3.3.4 Wire list and connection list

For each wire instance (KBL::Wire_occurrence, KBL::Core_occurrence), the VEC data
format specification must allow the definition of

AThe relevant part master data both for the whole wire and for each core
AThe wire instance number

AThe contact points the cores interconnect (regarding the contacted pluggable
terminal, splice terminal or ring terminal, optionally in combination with a contacted
cavity)

AThe length information for each core together with a length type (e.g. the DMU-
length)

AThe connections (KBL::connection) the cores realise
AA signal name for each core respectively connection

3.3.5 Cavity equipment

The VEC concept for 150% wiring harness descriptions must ensure that for concrete
configurations the cavity equipment for each cavity of the included connectors can be
unambiguously calculated. This addresses the following information

AWhat cavities are equipped with which terminal(s) and optionally together with
which cavity seals. Which wires / cores are connected?
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AWhat cavities are non-plugged or plugged and, in this case, plugged with which
plugs?

3.3.6 Replacements

The VEC data format specification must have a concept which allows the definition of
configuration dependant cavity plug replacements. The cavity plug replacement is e.g.
needed in the case that a certain configuration results in a certain combination of
modules where at least one module defines an equipment for a cavity that belongs to
a plugged connector which is part of another module.

3.3.7 Topology and Routing

The VEC data format specification must have a concept that allows the definition of
the harness topology. Furthermore, for each connection (KBL::connection) or wire
instance (KBL::Wire_occurrence, KBL::Core_occurrence) it must be possible to define
a routing which means an obligatory path through the topology. Comparably, it must
be possible to specify the placement of all
as a defined location on the topology. The VEC must support components that are
attached to multiple locations in the topology (e.g. cable ducts, grommets, connectors).

The routing definition concept must offer the possibility to specify the segments that
are mandatory even in the case of a calculation of a new routing. In addition to that,
the routing concept must offer the possibility to mark certain routing definitions as
special. This is intended to offer for instance an optional marking mechanism to enable
the distinguishing of man-made routing definitions and calculated ones.

The VEC must provide all information necessary for routing algorithm to create an
automatic routing to and from connectors with multiple bundle position points (e.g. HV-
connectors). This includes the information which cavity is reachable from which bundle
position point.

3.3.8 Wire and core lengths

The VEC data format specification must have a concept which allows for each wire
and core instance the definition of dedicated lengths information each of it in
combination with the relevant length type (e.g. the calculated DMU length, a measured
val ue, &)

3.3.9 Modules and Harness configuration sets

The VEC data format specification must have a concept that allows the definition of
modules  (KBL::Module) and complete  harness  configuration  sets
(KBL::Harness_configuration) on the basis of a common 150% wiring harness
description. Thereby, the definition of harness configuration sets must be alternatively
able to base on the aggregation of elementary part instances (like connector housings)
or modules or a combination of both.

Modules and Harness configuration sets have parts character which means they have
a part number, version index and optionally all kinds of PDM information like any other
part.

3.3.10 Extra requirements addressing variance information

The VEC data format specification must have a concept that enables the assignment
of every occurrence, every module (instance) and every harness configuration set
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(instance) in the context of a 150% wiring harness description with a certain variant
configuration term.

Furthermore, the VEC data format specification must have a concept to describe
mutually exclusive modules as part of a module family (KBL i module family concept).

Finally, the VEC data format specification must have a concept to describe certain
occurrences as mandatory completion parts in dependency of the existence of one or
more related modules (KBL - module list concept).

3.3.11 Definition and reuse of complex parts

The VEC data format specification must have a concept to define complex parts and
reuse them in different positions. Wiring harnesses do not exclusively consist of simple
components, but also of parts that are assembled themselves. This can range from
ready-made cables (e.g. antenna or USB cables) up to complete (sub) harnesses (e.g.
automatically manufactured modules or door harnesses used in the left and right door
in the same manufactured way).

The reuse concept shall support at least the following aspects:

3 Renaming in the context of usage (e.g. connector names, wire numbers)

3 Mapping into the topology / geometry of the usage (e.g. right door / left door)

3 Correct electrological mapping in the context of the usage (e.g. realized
schematic connections & signals are usage dependant).

3 Redefinition of properties in the context of the usage (e.g. some ready-made
cables with connectors on only one side might have a fixed length and are cut
to the correct length in the concrete usage).

3 Definition of the installation in the concrete usage (e.g. positioning of
connectors, routing of cables)

3.4 Additional requirements out of the component description
perspective

3.4.1 Usage Nodes

The VEC must provide a concept to support usage nodes. Usage nodes are a
representation of an abstract position in a vehicle, independent from the concrete
perspective (physical harness, topology/geometry, or connectivity). Usage nodes are
used to provide a consistent naming over different electrical systems and different
development branches.

3.4.2 Supporting the selection of terminals and related parts

In many companies, the selection process of concrete terminals, cavity seals and
cavity plugs is done automatically on the basis of an abstract contacting specification
and a components library. Against this background, the VEC data format specification
must enable the description of all data those component libraries typically contain. At
least, the following information must be able to be described:

AExisting compatibility between cavity and terminal
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AExisting compatibility between cavity and cavity plug

AExisting compatibility between cavity and wire (type)

AExisting compatibility between terminal and wire (regarding core and insulation)
AClassification of a terminal as multi crimp able

AMaterial information of terminals (basic material, plating material of terminal
reception and wire reception)

ACompatibility of a cavity seal in dependency of cavity, terminal and wire
AThe suited contacting method (cri mp,

Note: The VEC data format specification must enable compatibility relationships to be
explicitly defined (alternatively by instances-based or grouping-type-based
compatibility statements) as well as implicitty by t ype specific
attributes and its values.

3.4.3 Design relevant attributes

In many companies, the part descriptions within component libraries contain some
technical detail information that are relevant for a designer when he has to search and
chose a dedicated part with dedicated technical properties. Against this background,
the VEC data format specification must enable the description of the most common
technical properties that are typically needed for this purpose.

Below, a few examples of such properties are listed. The list contains only properties
in addition to the chapters 3.1, 3.3.1 and 3.4.1.

AAIl parts concerning
o The robustness against water, oi
0 The permitted temperature range

Aln case of wires respectively cores
0 The minimum bend radius
o The permitted voltage range
o0 The insulation material and thickness

Aln case of terminals
o The gender
o0 The pull-out force
o The permitted current range information in dependency of nominal

voltage and core cross section area
3.4.4 Parts classification

The VEC data format specification must have a dedicated parts classification concept
which allows a parts type specific description of technical properties. Unlike the KBL
the VEC data format specification shall allow parts to be member of more than just one
parts classification.

Afterwards, some examples of parts are listed that must be considered by the VEC
parts classification concept.

AConnector housings:  female / male and mixed housings, pin connector sockets
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ATerminals: female and male pluggable terminals, ring terminals,
battery terminals, coaxial terminals, contact bridges,
bifurcated contacts, optical fibre contact, end-to-end
connectors (core separating), Insulation displacement
connectors (non-core separating), comb connector

AWires: single core wires, multi core wires (regarding possible
twisting and shielding)

AWire protections: tapes, sleeves and tubes, fittings

ASeals: cavity seals, cavity plugs, and sealing mats

AFixings: clips and cable ties

AGrommets: bend protection sleeves, rubber grommets

AE/E-Components: ECUs, sensors, relays, antennas, batteries, fuses, and

component boxes
3.4.5 Description of OEM-parts interrelated with its components supplier(s) and
manufacturer(s)

The VEC data format specification must allow the description of OEM parts interrelated
with its components supplier(s) and manufacturer(s). For this, it must be possible to
describe a mapping of the relevant part numbers. However, for some special cases,
the VEC data format specification must allow the definition of mappings that consider
further details as well.

3.5 Additional requirements out of the geometry/topology perspective

3.5.1 Topology

The VEC data format specification must have a concept to describe topology. This
concept must consider

ATopology nodes (without coordinates)
ADirected topology segments which are related to the topology nodes
AFurther data like segment length and segment cross section area

The topology concept must be designed as the interrelating element between 2D and
3D views.

The topology concept must enable a stand-alone description of topology information
as well as a description in combination with relating part placement information and
geometry views (2D and/or 3D).

3.5.2 Partitioning and mapping of topology

The VEC data format specification must have a partitioning respectively grouping
concept for topology.

Furthermore, the topology concept must have a mechanism to describe mappings
respectively topology embeddings. This can be relevant e.g. for a part with an own
topology specification being integrated into the topology of a wiring harness.

A harness definition including topology might be used twice in the vehicle (e.g. left and
right rear door). The topology concept must have a mechanism to express that the
topology of both wiring harness instances obeys the same product definition.
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3.5.3 Placement

The VEC data format specification must have a placement concept which allows the
description where part instances or part usages (a kind of placeholder for a concrete
part instance respectively a set of concrete part instances representing configuration
dependent alternatives) are located on the topology. The placement concept must
consider placements that are either defined by one or more reference points (e.g. for
the placement of a cable channel) or a dedicated route (e.g. for the placement definition
of a winding). In case of overlaps the required layering must be able to be specified.

3.5.4 Hierarchical Structuring

The VEC data format specification must have a concept which allows the definition of
hierarchically structured segments. There are areas of application where the inner
structure of a segment matters (e.g. some wires are taped together with another group
of wires that are placed in a tube and around all of them a fixing is placed).

3.5.5 Topology zones

The VEC data format specification must have a concept to assign topology nodes and
segments to specific zones that can be associated with properties or requirements
(e.g. hot or wet areas, crash zones). It is possible that segments are not completely in
or out of zones.

3.5.6 Dimensioning and tolerance specification

The VEC data format specification must have a concept which allows explicit
dimension definitions between in each case two dedicated locations on the topology
(specifying the length of the centre line). For this, it must be possible to address the
following elements as dimension anchor points:

ATopology nodes

AThe reference points that are used for the placement specification of part instance
or a part usage. This includes the start and end points of routes
(e.g. taping routes) as well.

In case of dimensions between two anchor points which allow ambiguous route
interpretations (because of two or more possible paths) the required path must be able
to be specified.

Each dimension definition must offer the possibility to specify a nominal value as well
as an upper and lower boundary as tolerance specification.
3.5.7 General requirements concerning geometry views

The VEC data format specification must have a geometry view concept. The same
topology must be able to be described in several geometric views. This includes

A3D views (which normally show the target-installation of the wiring harness)
A2D views (which normally present a dimensional drawing)

The geometry view concept must allow each topology relevant view element to
unambiguously relate to its corresponding topology counterpart element.

Analogously for topology, the VEC geometry view concept must include a partitioning
concept. This means the description of a geometry view must be able to be separated
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in several partitions. At the same time, it must be possible for each of these partitions
to be referred by several geometry views. An example use case for the latter could be
one 2D drawing for a right-hand-drive vehicle and another 2D drawing for a left-hand-
drive car referring (which means sharing) the same partition for the elements that
belong to the rear.

3.5.8 3D view

The VEC geometry view concept must enable the description of 3D views of wiring
harnesses without further external documents (e.g. 3D-PDF). The following
information must be able to be described:

A3D geometry nodes together with their 3D-coordinates (e.g. the coordinates
addressing the target-installation of the wiring harness)

A3D geometry segments each referring their start- and end 3D geometry node, the
tangent vectors at these nodes and the definition of the centre line (BSpline).
Further details (segment length and cross section area) must be able to be
unambiguously assigned in combination with a related topology description.

APosition and orientation of part instances or part usages (connector housings,
fixings, €é). Note: As the required353 aceme
is demanded to be based on the coordinates-less topology information it can only
describe axial information which means placements in relation to the centre line.

This means the placement concept will be neither capable to express radial
orientation information of placed parts nor translations between bundle position
point and the origin of the placed element.

3.5.9 2D view

The VEC geometry view concept must enable the description of basic 2D views of
wiring harnesses without further external documents (e.g. SVG). The following
information must be able to be described:

A2D geometry nodes together with their 2D-coordinates and optionally a sheet
reference

A2D geometry segments each referring their start- and end 2D geometry node and
giving a rough definition of the connecting line

APosition and orientation of part instances or part usages representing view items

3.5.10 Extra requirements addressing variance information

Out of the topology/geometry perspective, at least the following elements must be able
to express variance dependency by referring to a certain variant configuration term

ATopology and geometry nodes and segments

APart instances and part usages

APlacement and dimension specifications

Aln case of a geometry view divided into partitions each of those partitions
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3.6 Additional requirements out of the connectivity perspective

3.6.1 Abstraction layers

The VEC data format specification must have a concept for the following three
abstraction layers

AArchitecture
ASchematics
AWiring
Concerning the data related to one of these abstraction layers, the concept must

enable the description both stand-alone and together with the existing
interdependencies.

3.6.2 Architecture
The following information must be able to be described:

ANetwork nodes: representatives for actors in the electric system, e.g. actuators,
sensors and ECUs

ANetwork ports: representatives for the pins of a network node

ANets: representatives of connectivity between the related network ports which
means without further electric consumer or transformer in between. Nets shall not
make any assumptions about the physical realization of the connection and about
the topology. On the basis of nets, it must be possible to define net groups.

3.6.3 Schematics
The following information must be able to be described:

AComponent nodes: representatives for elements in the electric system,
e.g. actuators, sensors, ECUs and in comparison, with network nodes additionally
inliners and splices. Furthermore, there must be a concept for the rough
description of the internal architecture of a component node.

AComponent ports: representatives for the pins of the component node

AConnections: representative of a connectivity between the related component
ports out of the perspective of a single core wire connection. Connections shall not
make any assumptions about the topological representation. On the basis of
connections, it must be possible to define connection groups and routing
definitions (see chapter 3.3.7).

3.6.4 Wiring

With regard to the development process, the wiring is the immediate predecessor of
the wiring harness definition. With regard to content, the wiring does normally not yet
consider geometry aspects.

Behind this background, the VEC wiring concept must enable the definition of all
necessary requirements that enable together with a corresponding geometry definition
thedeter mi nati on of the concrete part instances
Afterwards, some examples are listed the VEC wiring concept must consider at least.
However, which pieces of information are regarded as necessary requirements in
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detail are normally process specific and the VEC wiring concept must be flexible
enough to cope with that.

AEE components: e.g. existing housing and pin components

AConnector housings: e.g. number of slots and cavities

ATerminals: e.g. special pin properties, definition of co-axial terminals
AWires: e.g. core cross section area, insulation thickness, colour
AcContacting: e.qg. the type of contacting, see chapter 3.6.5

ACavity mounting: the assignment of terminals to cavities, see chapter 3.6.6
AMating: the relationship between pin and contrary pin, see chapter 3.6.7

3.6.5 Contacting

The VEC data format specification must have a concept that considers the following
types of contacting

ASimple contact: assignment of a terminal (wire reception) to one wire end, in case
of pluggable terminals mostly in combination with a cavity mounting definition (see
chapter 3.6.6)

AMulti contact: assignment of a terminal (wire reception) to more than one wire
ends, in case of pluggable terminals mostly in combination with a cavity mounting
definition (see chapter 3.6.6)

AOpen wire end: definition of no contacting
Alnliner: a special disconnection point between two or more wiring harnesses.

AIDC (insulation displacement connector): connection between two or more
EE components that is realised by one physical wire

ASplice: a connection of two or more wire ends without connector housing or
EE component
3.6.6 Cavity Mounting

The VEC data format specification must have a cavity mounting concept in order to
describe

ASimple mountings: assignment of a terminal (terminal reception) to one cavity

AcContact bridge: Assignment of a terminal (terminal reception) to more than one
cavity

APlug-in bridge: Assignment of a terminal (terminal reception) to more than one
cavity that is itself not connected to a wire.

AlLine bridge: Two terminals that are each assigned to one cavity and at the same
time are interconnected by a short wire.

ANo cavity mounting: e.g. in case of a pluggable terminal that is directly connected
with its counterpart terminal (see chapter 3.6.7).

3.6.7 Mating

The VEC data format specification must have a mating concept in order to describe
the (normally pluggable) connectivity between
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AThe pins/terminals (in case of coax-terminals and piggyback terminals even the
relevant terminal receptions) of an EE component and the contrary pins/terminals
of the harness connector

AThe pins/terminals (in case of a coax-terminal even the relevant terminal
receptions) within the two connector housings of an inliner

ABolts and ring terminals

3.6.8 Extrarequirements addressing variance information

Out of the connectivity perspective, at least the following elements must be able to
express variance dependency by referring to a certain variant configuration term

AAIl elements of the abstraction layer architecture
AAIl elements of the abstraction layer schematics
AAIl elements of the abstraction layer wiring including usages of EE components,
connector housings, terminals and wires as well as contacting-, cavity mounting-
and mating-definitions.
3.6.9 Pinning Information
The VEC must provide the possibility to describe electrical interface of EE components.
This includes:
ASignals supported by a pin
AVoltage and current values of a Pin for different types and times.
AVariant dependant behaviour of the pin due to the software deployed on an ECU.

3.7 Cross-sectional requirements

3.7.1 Process specific information

The VEC data format specification must have a concept which describes how to enrich
a VEC compliant file with process specific data. For this, each VEC element is
requested to be capable to be extended with user-defined attributes.

3.7.2 Multi-language support for descriptions

For attributes, that carry non-identifying informal text (normally descriptions), the VEC
data format specification must have a concept for multi-language support. The
language code must be compliant to 1ISO-639.

3.7.3 Free choice of measurement units for dimensional quantities

For attributes, that carry dimensional quantities, the VEC data format specification
must permit free choice of measurement units. In order to ease the data import, the
VEC data format specification must have a special concept for Sl data units (like metre
T m) and scaled units (like millimetre T mm) as well as combined units (like kg per
metre i kg/m).

3.7.4 Orthogonal grouping concept

The VEC supports information objects from different domains within the development
process (e.g. system schematic, component data, wiring harness data, geometry). To
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support general traceability use cases the VEC shall provide a concept to assign
information objects from different domains to groups (e.g. all elements that relate to a
specific customer function, a safety relevant requirement).

This concept shall be independent (orthogonal to) of the domain-oriented structure of
the model.

3.7.5 Application Constraints

The VEC data format specification must have concept to apply constraints on the
application / usage of specific elements defined in the VEC. This concept must be
based on instances (e.g. component nodes in a system schematic or occurrences of a
connector in a wiring harness). It is required to define the scope of validity of a certain
design / construction and to be complementary to the requirement mentioned in
chapter 3.1.2. However, the information required to define the constraints are the
same.

3.8 Other /technical requirements

3.8.1 Data format

The VEC data format is required to be an XML based format. Behind this background,
the VEC data format specification must include an XML schema definition. The
VEC.XSD must define UNICODE-coding in order to enable special characters to be
exchanged.

3.8.2 Binding the VEC with external models and formats

There are many use cases in which the information represented by a VEC is related to
elements outside of the VEC. This relationship to external elements is in many cases
relevant information for downstream participants in the process and should be
preserved. One obvious approach to achieve this would be to integrate this information
into the VEC Model. However, this approach is not satisfying in many cases, because
the respective information might not be within the central scope of the VEC or other
established standards exist for the representation of this kind of information. Examples
for such information are:

1 Visual representations like:
3D-Models
Wiring Diagrams

O O O

Component-Symbols
o Drawings
1 Requirements

In order to be able to use these external formats together with the VEC a solution is
necessary to create a link / mapping between information in the VEC and information
in other external formats.
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To make this requirement more clearly, it is explained in the following with a small
example:

The Part Master Data of a connector can be described in VEC in a structured way
(Cavities and their technical properties, segment connection points, etc.). However,
there are many use cases where a visual representation of the connector is needed
(e.g. Harness Drawing, Wiring Diagram). This visual representation is often distributed
as an SVG-Symbol. If there is no link between the information in the VEC and the
visual representation, the information can only be used in a limited way. For more
advanced use cases it is necessary to know which element in the VEC (e.g. a Cavity)
is represented by which graphical element in the SVG (e.g. a square).

In detail the following requirements must be satisfied:

1. It must be possible to create a mapping between any kind of information in the
VEC and elements in an external data source.

2. If the VEC is mapped with some external information, then it must be still
possible to read both formats independently (without using the link). E.g. if VEC
is linked with an SVG, it must be still possible to read the VEC, without
interpreting the SVG and it must be still possible to read SVG with an
appropriate viewer, without knowing about the VEC.

3. The used mapping mechanism must not require any structural information about
the described data outside of the VEC. Master and source of this kind of data is
the VEC. This means for example if a VEC should be linked to SVG it must not
be necessary that the SVG complies with a defined structure and has to use
certain elements for the representation of its information.

4. The mapping mechanism must be usable for different types of formats. However
not all formats are suitable to be used for a mapping. At least they must be
structured in some way and elements must be identifiable (e.g. JPEG is not
appropriate for such mapping mechanism).

5. The mapping must be standardized, in order to allow an exchange of the
mapping information between different systems.

3.8.3 Tracking of changes to the digital representation of documents

The VEC data format specification must provide a concept to detect / track changes to
digital representation of a document. There are cases where the digital content of a
document within the VEC changes, even if the PDM relevant information remains
unchanged (e.g. the document itself has not been republished, but changes to the
exporting system resulted in content changes).

3.8.4 Extendable Enumerations

The data model of the VEC must support extendable and fixed enumerations (open &
closed). For closed enumerations all possible literals are known at the time of the
definition of the VEC. For open enumerations some literals are known (which should
be standardized), but new literals might emerge in the future. This is often the case,
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when the literals relate to technical aspects. With new innovations in technology, new
literals might be required and shall not require a new version of the VEC schema.

In detail the following requirements must be satisfied:

1.
2.
3.

Closed lists of enumeration values have to be supported.
Open lists of enumeration values have to be supported.

The VEC UML model shall be the single source for documenting open and
closed enumerations.

4. The concept shall be supported in the XML schema, too.

It shall be possible to validate closed list values against the XML schema

It shall be possible to validate the pre-defined open list values against a specific
XML schema
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4 General Guidelines

The most of definition of the VEC is contained in chapter 5 as a detailed model
description. However, there are general concepts and guidelines that apply universally
and are not limited to an individual model element. Therefore, they are not formulated
as part of the model description. These guidelines are defined in the below sections
and shall be followed for all implementations of the VEC.

4.1 Handling of Identifiers

The VEC and its XML Schema offer different concepts for the identification of model
elements addressing certain requirements and those shall be used accordingly.

4.1.1 Id Attributes

All xs:complexType define an id-Attribute with the type xs:ID. These are technical ids
that are necessary for the referencing mechanism of the VEC within a single XML file.
The semantics, constraints and requirements are defined by the XML Standard and
XML Schema itself. These ids do not have any significance outside a VEC file.

4.1.2 ldentification-Elements

Many types defined by the VEC hav e amtificaidned sub e E.g nhe
PartOccurrence). This is meant to be a semantic identifier of the object represented by
the VEC element. The following rules apply to those identifiers:

1. The expectations defined in the documentation of the VEC model of the
corresponding attribute shall be ensured.

2. The identifications shall be unique for a certain element type, at least within its
context element. In other words, the VEC model and its representation as XML
Schema is a hierarchical data model. That means, that an identification shall be
at least unique within its direct parent element (e.g. the identification of a
HousingComponent shall be unique within its EEComponentSpecification.

3. Two elements of different types can have the same Identification. However, this
is only recommended, when the two VEC elements represent the same domain
entity from different points of view, otherwise this shall be avoided as far as
possible.

4. In general, it is recommended to keep the Identifications stable over the time.
This means, that if an object is exported multiple times the Identification of it
should be the same. However, this is not possible in all cases, for all processes
and all tools. Therefore, a process and / or tool creating VEC files should
describe for all elements, under which conditions ldentifications are stable or
new ones are created.

4.1.3 Aliasldentifications

Certain elements have the possibility to define Aliasldentifications in addition to their
unique identifications. These are identifiers of the object in a different scope, system
or process. One use case of this kind of ids is the creation of traceability links.

Examples for usages of the Aliasldentification are:
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1 The identifier of a connector in the electrological process (with geometric
variants)

The identifier of a node or segment in a MCAD tool
An assigned UUID of an element.

4.2 Extension Mechanisms

If the well-defined data structures and fields are not sufficient for the specific needs of
a process or a tool, the VEC provides powerful extension mechanisms. Namely the
extension mechanisms are custom properties and open enumerations (see the
corresponding chapters in the model description).

However, it should be considered that information transported via these mechanisms
is not standardized and is always subject to an individual agreement between interface
partners. Therefore, these mechanisms shall be used with extreme caution.

It is strictly forbidden to use these mechanisms for the transfer of information that is
already standardized within the VEC. In particular it is not permitted:

1 To store information in custom properties where already well-defined concepts
exist in the VEC to store the same information, e.g. using a custom property
instead of an attribute or a more specific class in inheritance tree.

1 To use self-defined OpenEnumeration-literals when well-defined literals with the
same semantics already exist.
VEC-Files that do not obey to these rules are noncompliant to this data format
specification.

If the extension mechanisms are used, it shall always be considered if these extensions
might be a valid feature request for the VEC Standard.

4.3 Type Inheritance

The VEC uses an object-oriented class and inheritance concept. The following
clarifications apply to its use:

1 Only non-abstract classes can be instantiated.

1 In an inheritance hierarchy, the choice of the used type represents a semantic
information itself. For example, the usage of a PluggableTerminalSpecification
is a more specific information than the usage of a TerminalSpecification. It is
not required to use the more specific class if the information is not available or
it should not be transmitted. However, it is not permitted to use the more general
class and transfer the information of the more specific class in a custom
property, or similar (e.g. use the TerminalSpecification with a custom property

Atypegaellugod) .
4.4 Default- and Missing-Value Handling

For various reasons, there may be attributes of entities where no value can be
exported, or a special semantics is required. The cases are:
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1 The information is not supported by the system / process. So, it is never
available for this system / process.

1 The information is supported by the system; however, the value is not defined
by the user.

T The information i s ex p britheuse dase (edyetHeiparte d a's
version in a bill of material or a compatibility statement).
All cases might exist for mandatory attributes as well as for optional attributes. Due to
the design, numerical values in the VEC and its high level of optionality the following
definition of special values should be only relevant for string-Attributes:

Mandatory Attribute Optional Attribute
Unsupported <tag>/NULL</tag> omitted tag
Undefined <tag></tag> <tag></tag>
Arbitrary <tag>/ANY</tag> <tag>/ANY</tag>

T A/ NULLO &méansAivtiie attributeswi t h t he
receive these values.

imtheEC At ag O

1 <tag></tag> me ans, t hat an attribute with the
value is represented in the VEC as an existing XML element with no value (no
contained text() node).

1 Omitted tag: means the element tag for the attribute is not present in the VEC.

45 Instantiation of Model Structures

There are various locations in the VEC model where structures / patterns are defined
and used / instantiated somewhere else (e.g. a connector with its slots and cavities).
In most cases, the elements in the definition of a structure have corresponding
elements in the instancing (e.g. ConnectorHousingSpecification A
ConnectorHousingRole, Slot A SlotReference & Cavity A CavityReference).

In cases where defined structures are instantiated, these structures shall be
instantiated completely. That means, for every element in the structural definition a
corresponding element in the instancing shall exist, regardless if it is used in the
respective VEC or not (e.g. for each Cavity of a ConnectorHousingSpecification, a
CavityReference in the corresponding ConnectorHousingRole shall exist). This applies
to the following list of structures, which is here for reasons of clarification and which is
not exhaustive:

1 Connectors

1 Wires

1 EEComponents

1 CompositeParts (e.g. Assemblies or Modules)
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4.6 VEC-Package

4.6.1 Background

A Vehicle Electric Container (VEC) is a single XML file following the structure defined
in the VEC XML schema. It contains all the information of a harness, a set of
harnesses, or other related information defined in the VEC specification. A VEC
Container can reference other files via the DocumentVersion element and information
contained in other files via the ExternalMapping concept.

There are use cases where one wants to exchange the VEC together with these
referenced files. There is also the need to exchange a set of VEC files together. The
VEC-Package addresses these use cases and specifies the mechanism to exchange
VEC files and any associated files as a package.

4.6.2 Detailed Solution
A VEC-Package is an archive containing at least 2 files:

1 One index file (a VEC file)
1 One data file (not required to be a VEC file)
Depending on the individual requirements the technical format of the archive can be:

1 TAR
1zIP
i or a zipped tar.

In addition, the archive can contain any number of further data files. There are no
restrictions on the type or format of these files. A VEC-Package may contain further
VEC files. Or it may contain drawings as SVG, CAD models of the harness or of
connectors as JT models, for example.

The structure of the archive is not restricted. A VEC-Package may contain a flat set of
files but may also have a folder structure. It is recommended to use a folder structure
to organize the files in the archive: e.g. grouping of all drawings, project specific
groupings.

There is no naming convention for files and folders inside the VEC-Package defined.
It is up to the user to name a folder or a file. However, it is recommended to use the
known and established file name extensi

a VEC file,V@.fsivlged, for . St o for a JT fi

A VEC-Package shall contain an index file providing further information about the
context of the package. The index file
name suffix already suggests, the index file is a valid VEC file, conforming to the VEC
XML schema.

The elements of the index VEC file are restricted to the classes DocumentVersion and
PartVersion. The index file contains a DocumentVersion for each file in the package.
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The attributes of the DocumentVersion are used to provide further information on the
files:
1 dataFormat: the format of the file in the VEC-Package (as MIME-Type if available).
1 documentNumber: the number of the document
1 documentVersion: the version of the document

1 fileName: the name of the file as it appears in the package, including the folder
structure
A DocumentVersion may reference one or more PartVersion objects via
referencedPart to give further details on the usage of the file. For example, the fact,
that an SVG file which represents the wiring diagram of a harness, can be expressed
in the index file by a DocumentVersion pointing to a PartVersion, which represents the
harness.
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5 Model of the VEC data format
5.1 Key Concepts

5.1.1 Parts and Documents

ExtendableElement
(VEC.core) 0.t
ftemVersion
[VEC.core)}
+abbreviation : LocalizedString [0..%]
+deszcription : AbstractLocalizedString [0..%]
+companyMName : String [1]
+processinginstruction : Instruction [0..%]
0.x
PartVersion DocumentVersion
(VEC.core) (VEC.core) +relatedDocument
+partNumber : String [1] +documentMumber : String [1] 0=
+partVersion : String [1] +referencedPart +documentType : DocumentType [0..1] -
+primaryPariType : PrimaryPartType [1] +documentVersion : String [1] +referencedExternallocuments
+isPreferredPart : String [0..1] 0.= 0..* |+digitalRepresentationindex : String [0..1] 0
+preferredlseCase : String [0..1] +creatingSystem : String [0..1] h -
+aligsld : Aliasldentification [0..%] +dataFormat : String [0..1] «OpenEnumerations
+nature : PartNature [0..1] +fileMName : String [0..1] 01 DocumentType
+location : String [0..1] - EC.core
+number0fSheets : String [0..1] -_IJ 1 S )
’ BazelineDefinition
PartMaster
1 NetworkArchitecture
S:.f;temSu:he_m_atiu:
+gheetQrChapter [0.* W|r|ngD&5cr|pt!ur!
HarnessDescription
SheetOrChapter InstallationDescription
+referencedPart (WEC.core) ManufacturingDescription
RequirementsDescription
0.t 0-* |<identification - String [1] ChangeDescription
+sheetMumber : String [0..1] GraphicaSymbol
+sheetVersion : String [0..1] GeometryModel
+description :AbstradLucalizedString [0..7] MasterDatalefinition
+zheetFormat : String [0..1] HarnessCoupling
SchematicSymbol
0.1 MNetworkSymbol
. ) . ComponentDrawing
+specification [0.. DeviationTable
Specification +zpecificatiorr
(VEC.core) 0 *
0.1 +identification : String [1]
«DpenEnumerations +dezcription : AbstractlocalizedString [0..%]
PartNature
(VEC.core}
Preliminary
Productive
CustomerCrder

Figurel: Parts andDocuments

DocumentVersion and PartVersion are representing one of the most fundamental key
concepts of the VEC. They are the only classes in the VEC model that are defining
version information. In combination with the attributes companyName and partNumber
or respectively documentNumber they define an unambiguous context for data
exchange. If two instances of the VEC are containing PartVersions or
DocumentVersions with equal values of the attributes companyName, partNumber and
partVersion or companyName, documentNumber and documentVersion, then the two
objects can be trusted to be unchanged.
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Unchanged in this context does not mean binary identical content of the resulting XML-
Subtree, but unchanged user data. So if the content of a DocumentVersion is
transferred from one VEC-file to another (e.g. for documents describing part master
data), the binary representation can be different (e.g. order of the xml elements,
technical ids for xml idrefs), but the information represented by the DocumentVersion
must not be different (e.g. property values of a Specification). However, it is explicitly
allowed that the scope of the information contained in different instances of the same
DocumentVersion may differ. For example, in most processes a component (e.g. a
connector) is specified by a technical document, in the VEC represented as a
DocumentVersion. In the use case of part master data exchange the VEC for the
component might contain very detailed information. For the use case of harness
description not all of this detailed information is required (e.g. for a connector the
information about slots and cavities might sufficient) and therefore it should not be
included. However, the component is still specified by the same technical document.
Another example of a scenario where this might occur, is the update of a VEC exporting
system. A later export might contain more information, even if the original document
has not changed.

These cases are allowed with an unchanged documentNumber, documentVersion, if
the shared part of the represented information in both DocumentVersion instances is
still consistent.

More specific possibilities to track changes of DocumentVersions are supported by the
digitalRepresentationindex. In some cases, the DocumentVersion represents a version
of a real document in the domain. The Specifications in the DocumentVersion
represent the values defined in the original document. Thus, the DocumentVersion in
the VEC is not a managed document by itself, but only a specific digital representation
of another document. In other words, it is only a translation of the original document
into the language of the VEC. For example, there is a connector described by a drawing
/ data sheet, which is available in some arbitrary format (e.g. PDF). This document has
a number and a version. When the document is transferred (e.g. with a converter or
manual input) into the VEC, the DocumentVersion containing the Specifications might
have the same documentNumber and documentVersion as the original data sheet,
since it is not a managed document in the process, but only a different representation
of the same information. In such a scenario, it is possible that the content of a
DocumentVersion changes without a change of the original document (e.g. there was
an input error during the manual transfer of information, there is a new version of the
converter / exporter and many more). However, the original document has an
unmodified DocumentNumber & DocumentVersion. To indicate such (potential)
changes of the content of a DocumentVersion the DigitalRepresentationindex was
introduced. DocumentVersions that contain a different amount of information (see
above) shall also have different digitalRepresentationindex values (if defined).

That means, if no DigitalRepresentationindex is defined, the rules from above apply. If
a DigitalRepresentationindex is defined, the content of the DocumentVersion can only
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be trusted to be unchanged, if companyName, documentNumber, documentVersion
and digitalRepresentationindex are the same.

Since both classes can define PDM information they are derived from the abstract
class ItemVersion.

The differentiation between PartVersion and DocumentVersion in the VEC s
necessary, because a part can be described by multiple documents (e.g. a technical
data sheet, a drawing and a 3D-model) and one document can describe multiple parts
(e.g. a drawing for a contact family that displays multiple terminals and their
corresponding seals). As a result a part can, be changed (requiring a new PartVersion)
without the need of changing all of its describing DocumentVersions. For example, if a
single property of a component changes, a new version of the part itself and its
technical data sheet is necessary, but its 3D model might remain unchanged. Another
example is, that a document describing multiple parts might be changed (requiring a
new DocumentVersion), but in fact only one of its represented parts is changed
(requiring a new PartVersion). This relationship between a PartVersion and its
describing DocumentVersions is expressed in the model by the association
DocumentVersion.referencedPart.

The relationship DocumentVersion.relatedDocument can be used to describe general
relationships between DocumentVersions (e.g. the relationship between a technical
drawing and a given standard the drawing is compliant with). The composition of
SheetOrChapter considers the fact that DocumentVersions may be composed of
several sheets or chapters.

The VEC is designed as a format for data exchange. This requires that all content data
can be related to a certain unambiguous version context, in order to allow a receiver
of the information to easily check if and what has changed since the last data
exchange. For this reason, all content data that is not constant is defined with
information specific subclasses of the class Specification. A Specification is always
contained in a DocumentVersion and thereby related to an unambiguous version
context.
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5.1.2 Assignment Group

ExtendableElement
(WEC.core}

Specification
(VEC.core)
~+identification . String [1]
+description : AbstractlocalizedString [0..%)
AssignmentGroupSpecification Funct\oEnra\SlructureSpeclllc‘at\on
(VEC.assignment_groups) (v _groups)
1 0.1
0.1
+assignmentGroup +roothode |1
p* FunctionalStructureNode
AssignmentGroup (VEC {_groups)
ConfigurableElement +associatedAssignmentGroups. (VEC. i _groups) sidentification - String [1] +childNodes
(VEC.core} 0.* 0.7 | +identification : String [1] +aliasld - Aliasidentification [0.%] 0.*
+description : AbstractLocalizedString [0..%] +description : AbstractLocalizedString [0..7] |
. +abbreviation : LocalizedString [0..1]
0.
DocumEeCane(e\on DocumentRelatedAssignmentGroup FunctionalAssignmentGroup
(VEC core} +relatedDocumentVersion (VEC.assignment_groups) (VEC assignment_groups) e y oups
+documentNumber : String [1] % 0 o T e o T o o T ok P
+documentType : DocumentType [0..1] . tylpat d‘dncutrr'lent ela Etn_)psn[T 1 functionalRequirements : FunctionalRequirement [0.%] 0.
+documentVersion - String [1] #relatedidentification : String [0..1]
+digitalRepresentationindes: - String [0.1] 0.-
+creatingSystem © String [0.1]
+dataFormat : String [0..1] «0penEnumerations FunctionalRequirement
+fileName : String [0..1] DocumentRelationType (VEC. t_groups)
+location : String [0..1] i 3 5 3 - -
+numbar01sm§ts{s.siring 10.1]1 (VEC assignment_groups) P ceEEpweEnen(Type [0..1]
R litvLink +re|erar|ce_5ystam String [1]
RequirementsLink +value : String [1]
1
«0penEnumeration»
+sheetOrChapter [0.7 FunctionalRequirementType
SheetOrChapter (VEC _groups)
(VEC.core) Eunn:‘mna\safety
ras|
+identification : String [1] +relatedSheetOrChapter Legal
+sheethumber : String [0..1] ] Function
+sheetVersion : String [0.1] -
+description : AbstractLocalizedString [0..%]
+sheetFormat : String [0..1]

Figure2: Assignment Group

An AssignmentGroup is a concept that allows the clustering of arbitrary elements in
ways that are orthogonal to hierarchical and semantic structure of the VEC. Specific
use cases are represented as subclasses of the AssignmentGroup and enriched with
additional information. Proprietary groupings can be created with the
AssignmentGroup itself and additional information in custom properties.

The FunctionalAssignmentGroup can be used to assign elements to a function across
the different layers of abstraction.

The DocumentRelatedAssignmentGroup can used to relate elements to a specific
document or an element within the document (e.g. a requirement).

The assignment to a group originates from the ConfigurableElement itself. This is
designed intentionally and has two reasons:

1. In the use cases for this grouping concept it is intended, that the groups exist
first (e.g. a function) and the assignment is created together with elements along
the process. For example, a connection in a system schematic is assigned to a
function. When a wire is derived from the connection, the wire inherits this
assignment. Therefore, it wouldn't be practicable to be enforced to modify the
DocumentVersion containing the AssignmentGroup for every added element.

2. Intoday's processes the assignment of elements to such groups are done in the
same documents where the elements themselves are defined.
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This concept adds another layer of extensibility to the VEC. CustomProperties allow
the addition of user-defined properties to a single object. The assignment groups allow
the creation of custom grouping of objects. However, it is not permitted to use this
concept to express relationships that have well defined concepts in the VEC (e.g.
assignment of occurrences to composite parts or usage nodes).

5.1.3 Variants

Specification
(VEC.core)

+identification : String [1]
+de=cription : Abstractl ocalizedString [0..%]

T

ApplicationConstraintSpecification VariantConfiguration Specification
MWEC. variantz} MWEC.variantz}
1
1
+applicationConstraint +baseinclusion  pvariantConfiguration
+bkaselnclusion | 0.1 1.* 0.1 0.*
ApplicationConstraint VariantConfiguration
WEC.variantz} (WEC.variants)
0t +type . ApplicationConstraintType [1] +identiﬁu:e_|tiun : String [0..1] ] _

- +fromDate : Date [0..1] +description : Abstractl ocalizedString [0..%]
+toDate : Date [0..1] +logisticControlString - String [0..1]
+fromSerialMumber : String [0..1] +ogisticControlExpression : String [0..1]
+toSerialMumber : String [0..1] +configurationType : String [0..1]
+projectPhase : String [0..%] -

+configinfo | 0..1
+applicationConstraint | 0..*
0.t
ConfigurableElement
(VEC.core)
+project | 0..*
«constants «ClosedEnumerations
Project ApplicationConstraintType
(WEC.pdm}) (WEC.variants}
+carClassificationLevel2 ; String [0..1] Ao
+carClassificationLevel3 : String [0..1] Deny
+carClassificationLeveld ; String [0..1]
+identification . String [0..1]
+description : AbstractLocalizedString [0..%]

Figure3: Variants

A VariantConfigurationSpecification is a container for various VariantConfigurations.
Each VariantConfiguration describes a certain constraint which makes it possible to
determine whether a relating ConfigurableElement is relevant regarding a certain
configuration or not. All classes in the VEC that can reference information about their
VariantConfiguration inherit directly or indirectly from ConfigurableElement.

The ApplicationConstraint is quite like the VariantConfiguration. It restricts or allows
the application of a specific configurable element (e.g. a PartOccurrence or an element
of a system schematic). It is complementary to the VariantConfiguration which is
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defined in some form of control string and restricts the existence of an element based
on the feature space (within a platform). The ApplicationConstraint is focused on the
dimensions of time and product hierarchy in a concise semantic way (attributes and
relationships).

Note: Please refer to the detailed class description for information about which
elements inherit from ConfigurableElement.

Note: VariantConfiguration.logisticControlExpression has been introduced as an

alternative  attribute for  VariantConfiguration.logisticControlString. For the
logisticControlExpression the prostepivippr oj e ¢c tVEgWROU pvaint s t o i ntr
a defined syntax in the future.

5.1.4 Variant Structure

Specification
(VEC.core)

+identification : String [1]
+description : AbstractlocalizedString [0..%]

i

VariantCode Specification VariantGroupSpecification VariantStructure Specification
(WEC.variants} (VEC.variants) (WEC.variants}

0.1
1 1

+variantCode |0.* +variantGroup |0..* +roothode |1 I

VariantCode VariantGroup VariantStructureNode
(VEC.variants) +variantCode (VEC.variants) (VEC.variants}
identification - String [11 0.+ 0.+ |+identification : String [1] +containedGroups | +identification : String [1]
:a@lfﬂp?ﬁansmenr{?ﬁgc[aﬁcn 0.4 +aliasld : Aliasldentification [0..%] 0 7.+ |+aliasid : Aliasldentification [0..7] 0.*
B e inhont LccalivedStrin.g. 0.1 +abbreviation : LocalizedString [0..1] - " |+abbreviation : LocalizedString [0..1]
+codeType - String [0..1] Ny +description : AbstractlocalizedString [0..] +description : AbstractlocalizedString [0..%]
+description : AbstractlocalizedString [0..%] +groupType : VariantGroupType [0..1]

+childMod

«0penEnumerations
VariantGroupType
(WEC.variants}

Famity

Figure4: Variant Structure

The classes displayed in this diagram can be used to describe meta information about
the elements used to described variance properties. The description of the variance
information of a concrete element (ConfigurableElement) is done with a
VariantConfiguration and the contained logisticControlString. These strings are
normally created from VariantCodes and a proprietary boolean syntax.

A VariantCodeSpecification is a container for various VariantCodes. Each VariantCode
describes an elementary literal which can be used as part of a VariantConfiguration.-
logisticControlString or VariantConfiguration.logisticControlExpression.

A VariantGroupSpecification is a container for various VariantGroups. A VariantGroup
describes a grouping for VariantCodes. There can be a wide variety of reasons to
group VariantCodes. However, the most common is to mark VariantCodes that belong
to the same family (mutually exclusive) variant codes.

A VariantStructureSpecification with its VariantStructureSpecificationNode can be
used to define any kind of hierarchical structure upon the VariantGroups.

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020



prostep ivip / VDA Recommendation Page 47 of 355

Note: The VEC does not constrain a VariantCodeSpecification or a
VariantGroup-Specification to a precondition for use in VariantConfigurations.
VariantCodeSpecification and VariantGroupsSpecification are intended as an optional

means to exchange information independently

to express VariantConfigurations.

5.1.5 Usage Node

0.1
+cni|dNLe ComponentNode
(WEC schematic)

0.
~identification : String [1] pEoayiodc
+abbreviation : LocalizedString [0..%) (VEC.topology)
+componentNodeType : ComponentiodeType [0..1] +aliasid - Aliasidentification [0..7]
+description : Abstractl ocalizedString [0..7] +identification : String [1]
+subType : ComponentNodeSubType [0..1] +matchingPointld - String [0..1]
0 0 +processinginstruction : LocalizedString [0..%]
- - +nodeType : NodeType [0..1]

0.=

+networkNode [0..1
NetworkNode OccurrenceOrilsage
(VEC.net) (WEC.instancing)

+identification : String [1] +identification : String [1]

+abbreviation : LocalizedString [0..%] +aliasid : Aliasldentification [0..7]
+networkNodeType : NetworkNodeType [0..1] +abbreviation : LocalizedString [0..7]
+description : AbstractLocalizedString [0..%] +description : AbstractLocalizedString [0..%]
+subType : NetworkNodeSubType [0..1] 0

0.=
+redlizedlsageiode +redlizedlsageNode +redlizedlsageiode +realizedlsageMode wconstants
0.1 0.1 0.1 0.1 Project

UsageNode (VEC.pdm})

(VEC.usage_node) susedinProject |*EarClassificationLevel? : String [0..1]
+abbreviation : LocalizedString [0..%] +carClassificationLewveld : String [0..1]
+identification : String [1] 0.* 0.* | scarClassificationLeveld : String [0..1]
+subllsageNodes | +gescription | AbstractlocalizedString [0..7] +identification : String [0..1]
0.* +uzageModeType : UzageNodeType [0..1] +description : AbstractlocalizedString [0..%]

! +usageiodes |0..*
0.1

0.1

«0penEnumerations
UsageNodeType
(WEC.usage_node)

ECU

Sensor
Actuator
CouplingDevice
EnergyStorage
Generator
PowerDistribution
Switch

Lamp

Relay

Fuse

Ground

Splice
Protection
Fixing

Grommet
CableDuct

redlizes

0.1

UsageNode Specification
(WEC.usage_node)

Figure5: Usage Node

A UsageNode represents a position in an abstract vehicle, but it does not imply a
certain location in space. For example, the "Head Light Left". UsageNodes belong to
the master data and they are defined on some companywide level. They can be used
to enforce consistent naming over different projects and different development streams
(e.g. between Geometry and Electrologics).

A UsageNode can be realized by different elements in the VEC (e.g. NetworkNode,
OccurrenceOrUsage, TopologyNode, ComponentNode).
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5.1.6 Usage Constraints

PartVersion
(WEC.core)
UsageConstralntSpemf.lc:‘atlon +constrainedParts | +partNumber : String [1]
(VEC.usage_constraint) 0.* 0.+ |+RartVersion : String [1]
+primaryParfType : PrimaryPariType [1]
+isPreferredPart : String [0..1]
1 +preferredUseCase : String [0..1]
+aliasld : Aliazldentification [0..%]
{ordered} +nature : PartMature [0..1]
+partUsageCongtraint | 1..* 0.%

UsageConstraint
(VEC.usage_constraint)

+type : UsageConstraintType [1]
+fromDate : Date [0..1]

+toDate : Date [0..1]
+fromSerialNumber : String [0..1]
+toSerialMumber : String [0..1]
+projectPhase : String [0..%]

0. 0:
i *
0.1 +usageNode [0.* +project ..
wClosedEnumerations UsageNode “iﬂn"i’tacllt”
UsageConstraintType (WEC.usage_node) . roje .
int} —— = - +usedinProject (VEC.pdm) )
(VEC.usage_constraint) +abbreviation : LocalizedString [0..%] +project
Allow +identification : String [1] y 0.* 0. |+carClassificationLevel2 : String [0..1]
Deny +description : AbstractlocalizedString [0..7] - rg:a SS?PCEEU"::EVEE: E{r?ng %g1 0.1
+usageNodeType : UsageNodeType [0..1] rearlbassinicationLevets . siring [U. 1]
< e . ype[0.1] +identification : String [0..1]
+description : Abstractl ocalizedString [0..%]

Figure6: Usage Constraints

A UsageConstraintSpecification is intended to describe the allowed usage of the
constrainedParts.

A UsageConstraintSpecification is a container for various UsageConstraints each
representing a single constraint. The sequencing of the UsageConstraints specifies
the priority: a general denial may be relativized by a following UsageConstraint and
vice-versa. In other words, the ordering of the UsageConstraintSpecification.-
partUsageConstraints collection has a semantic and is highly relevant.
UsageConstraints further back in the collection have a higher priority than
UsageConstraints further ahead. Successive UsageConstraints of the same type shall
be interpreted as concatenation, whereas successive UsageConstraints of different
types shall be interpreted as exceptions to the preceding statement.

The relationships UsageConstraint.usageNode and UsageConstraint.project make it
possible to specify at which UsageNodes respectively in which Projects the usage of
the constrained PartVersions is allowed/denied.

5.2 Basic Datatypes

The VEC supports the following a number of primitive standard data types:
Boolean

Date
Double

Integer

= =2 =4 4 -

String

In addition, the VEC defines various more complex general-purpose data types that
are used within the specification. Those are defined in the following sections.
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5.2.1 Localization of Strings

AbstractlocalizedString R iona
(VEC core) LanguageCode
: ! - MEC.core)
+languageCode : LanguageCode [1] e
+value : String [1
g [1] Ab
Af
Am
Ar
As
Ay
Localized String LocalizedTyped String
(VEC.core) (WVEC.core)

+ype : LocalizedTypedStringType [1]

«0penEnumerations
LocalizedTypedStringType
(WVEC.core)

Title
SupplementaryTitle

Figure7: Localization of Strings

The VEC provides a concept for the localization of string values. Every attribute that
can be localized has the type of AbstractLocalizedString or one of its subclasses.

An AbstractLocalizedString consists of an ISO languageCode and a value. Attributes
of this type have a multiplicity of [0..*].

In the case of a LocalizedString the attribute represents a human readable text with a
specific semantic. All LocalizedString instances for a single attribute must represent
the same meaning in different languages.

When a LocalizedTypedString is used, the semantics of the attribute values can be
further detailed by the type attribute. For example, an ItemVersion can have more than
one description with a more specific semantic of each description type. In this case, all
LocalizedTypedString instances for an attribute must represent the same meaning for
their type value in different languages.
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5.2.2 Numerical Values & Units

ValueRange NumericalValue Tolerance

(VEC.physical_information) (VEC.physical_information) “olerance | (VEC. physical_information)
+minimum : Double [1] +valusComponent : Double [1]| 0.1 0.1 [ +owerBoundary : Doubie [1]
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e
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c
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Figure8: Numerical Values & Units

With Version 1.1.0 a more flexible and meaningful unit system has been introduced. A
unit is used to define the dimension of a numerical value. In the VEC a unit is expressed
by the abstract class Unit. The different existing types of units are represented by its
concrete subclasses. Every unit can have an optional exponent. If no exponent is
defined, this is interpreted as an exponent of 1.

The class SlUnit defines a unit in the terms of the SI-System. A SIUnit is defined by a
combination of an optional SiPrefix (e.g. Milli) and SIUnitName (e.g. Metre).

The class IECUnit defines a unit in the terms of the IEC-System which is used for
measurement of digital data amounts.

The class ImperialUnit defines a unit in the terms of the imperial unit system (e.g. Inch).

The class OtherUnit is used to define units that do not belong to any standardized unit
system, but which are relevant in the context of the VEC. Currently these are the units
Pi (as a unit for angular frequency or circular measure) and Piece.

The class CustomUnit can be used to define units that are necessary for a specific use
case and that are currently not considered in the VEC.

The class CompositeUnit is used to define units that are created by the multiplication
of other units (Association CompositeUnit.factors). For example, the Unit "Ohm per
Metre" will be created with two instances of SIUnit. One SIUnit Ohm (without prefix and
exponent) and one SlUnit Metre (without prefix and an exponent of "-1").
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Mainly these Units are used by the class ValueWithUnit which can be either a
ValueRange or a NumericalValue. A ValueRange defines a range of a value between
minimum and maximum. A NumericalValue defines a single value with an optional
Tolerance.

Note:
1. For the purpose of clarity, not all literals of all enumerations are displayed. If
literals are omitted in the graphical representation a "..." is shown.

2. Currently the VEC does not support the definition of the same attribute value in
different units at the same time (e.g. a single length value in m and ft at same
time).

5.2.3 Extensibility with Custom Properties

ExtendableElement
(VEC.core)

1

+customProperty
0.*

CustomProperty
(VEC. custom_properties)

+propertyType : String [1]

NumericalValueProperty SimpleValueProperty ValueRangeProperty Localized StringProperty ComplexProperty
(VEC.custom_properties) (WVEC.custom_properties) (WEC.custom_properties) (VEC.custom_properties ) (VEC.custom_properties) 1
+value : Numericalalue [1] +value : String [1] +value : ValueRange [1] +value : LocalizedString [1]

+customProperty
U“a

BooleanValueProperty DateValueProperty DoubleValueProperty IntegerValueProperty
(WEC.custom_properties) (WEC.custom_properties) (VEC.custom_properties) (VEC.custom_properties )
+value : Boolean [1] +value : Date [1] +value : Double [1] +value : Integer [1]

Figure9: Extensibility with Custom Properties

CustomProperties have been introduced to the VEC as the dedicated extension
mechanism. All subclasses of ExtendableElement class are extendable by providing
the possibility to define CustomProperties. CustomProperties allow the definition and
transport of almost any piece of data in an embedded way, for which the VEC does not
define a different means of expression.

If a VEC entity shall be extended with multivalued property this is done by adding
multiple CustomProperties with the same propertyType. In cases where a custom
property value consists of a tuple of other values, a ComplexProperty can be used.
This is especially useful, when the respective property is multivalued. An example for
such a property / structure that is already represented in the VEC are Colors where
each color consists of a referenceSystem and a key in that referenceSystem and each
entity can have multiple colors (the same color in different reference systems).

Note: According to this data format specification it is strictly forbidden to store data
within CustomProperties for which the VEC knows a special predefined way of
expression. VEC-Files that do not obey to this rule are not compliant to this data format
specification.
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Note: Please refer to the detailed class description for information about which
elements inherit from ExtendableElement.

5.2.4 Foundation Classes for Physical Properties

«OpenEnumerations
MassInformationSource
(WEC.physical_infoermation}
Prototype
Series
MassInformation 0.1 |IMDS
(VEC.physical_information)
+determinationType : ValueDetermination [0..1]
+value : Numericalvalue [1] ) «ClosedEnumerations
+valueSource : MassinformationSource [0..1] 0 ValueDetermination
(WEC.physical information}
Calculated
Measured
Estimated
Material Color «0penEnumerations
(WEC.physical_information} (WVEC.physical_information} ColorReferenceSystem
+key : String [1] +key : String [1] (WEC.physical_information)
+referenceSystem : String [1] +referenceSystem : ColorReferenceSystem [1] | ||EC 60757
+description : Lecalized=tring [0..%] +description : LecalizedString [0..%] RAL
RGB
Size Temperaturelnformation PowerConsumption
(WEC.physical_infermation} (WEC.physical_information} (WEC.electrical_partz}
+width : Numericalvalue [1] +temperatureRange : ValueRange [0..1] +type : String
+height : Numericalalue [1] +temperatureType : String [0..1] +value : NumericalValue
SoundDampingClass

RobustnessProperties

{MEC physical informaiion) (WEC.physical_information}

+classKey : String [1]

+referenceSystem : String [1] +class : RobustnessClass [1]

+clazskey : String [0..1]

+classReferenceSystem : RobustnessClassReferenceSystem [1]
+hasRobustness : Boolean [1]

+deszcription : LocalizedString [0..%]

wOpenEnumerations «0penEnumerations
RobustnessClassReferenceSystem RobustnessClass
(WEC physical_information) (WEC physical_information}
150 20653 AmbientTemperature
IS0 6722 SolidParticleProtection
LV 112 Liguidingre=sProtection
LV 214 ImpactProtection
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FigurelO: Foundation Classes for Physi¢&loperties

The diagram displays the common foundation classes necessary for the description of
physical properties of a part (e.g. material, mass and size). Most of these classes either
define a type of their value (e.g. Temperaturelnformation.temperatureType) or a
reference system (e.g. Color.referenceSystem). In these cases attributes of these
types normally have the multiplicity of [0..*] in order to define different values for
different types (e.g. environment temperature, storage temperature, operating
temperature) or to define the same value in different references systems (e.g. the same
color in RAL, RGB or a company specific value).
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5.2.5 Alias Identifications

Aliasldentification -
EC \ O penEnumerations
IVEC.core) AliasidentificationType
+identification’alue : String [1] ) (VEC.core)
+type : AliasldentificationType [0..1]
+scope : String [0..1] Lo
+description : AbstractLocalizedString [0..%]

Figurell: Alias Identifications

There are many applications where an element can have various technical and
functional keys at the same time. The Aliasldentification provides a possibility to
transfer these keys along with meta information about their type and scope.

5.2.6 Open and Closed Enumerations

wstereotypes wstereotypes
ClosedEnumeration OpenEnumeration
[Enumeration] [Enumeration]

Figure12: Open and Closed Enumerations

In the VEC model we distinguish between two kinds of enumerations:
1. Closed lists

2. Open lists

For a closed list the enumeration values are fixed. At the time of the UML model
generation it is known, which values an attribute can take. There is no possibility to
use other values later without changing the XML schema definition as the acceptable
values are defined inherently by the model. An example would be the
PartVersion.primaryPartType as it closely related to the  existing
PartOrUsageRelatedSpecification-class. Another example would be the
referenceNode for Locations on TopologySegments. Since one TopologySegment
only has one StartNode and one EndNode this is a typical ClosedEnumeration.

For an open list the allowed values for an attribute are not completely known at the
point of the UML model generation or might change in future due to new technical
developments. There may be a pre-defined set of values. But it must be possible to
add further values in a later stage. An example might be the Gender of a Terminal
which is currently restricted to Male and Female. In future new technologies might
emerge, where the existing values are not enough. Motivation for this open list concept
is, that for known values, standardized literals shall be used, but reading systems must
be able to handle additional literals, since they can emerge quite quickly due to
technology improvements.

The diagram shows the representation of open and closed enumeration lists as
stereotypes.
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During the UML to XML transformation, closed enumerations are transformed into XML
fks:enumerationd. Open enumer ations wixdstringhe transl at

The VEC model defines for open enumerations a pre-defined list of commonly agreed
values. The idea behind is, that these pre-defined values are used if applicable, and
further values should be used only, if the pre-defined ones do not fit. However, this
cannot be enforced by the XML schema. If an open enumeration is translated into
fks:stringd , i t i de tocletk if the weslafifed values are used.

Therefore, in addition to the standard VEC XML schema, a further XML schema, called

the AStrict VEC XML schemao is defined. | n
transf or me das:enumeration¥ ML t & enumerktion values are restricted to

the pre-defined ones. With this schema it is possible to check if a VEC used pre-defined

values, only.

5.2.7 Open and Closed Pattern Restrictions

wztereotypes wetereotypes
ClosedPatternRestriction OpenPatternRestriction
[PrimitiveType] [PrimitiveType]

Figurel3: Open and Closed PatterRestrictions

The concept of open enumerations mentioned before is useful in cases where a
restriction to a limited amount of well-known values is necessary. However, the
continuous evolution of the VEC has shown, that this approach is not feasible in all
situations.

Therefore, the concept of pattern restrictions has been introduced. A pattern restriction
is a regular expression that defines valid attribute values. Those restrictions can be
used when a valid pattern is known, but the explicit enumeration of the values is not
possible. For example, it is known that valid values for the coding of a connector are
only strings with two digits of alphanumerical characters. To represent this as an
enumeration would require 1296 enumeration literals.

In the UML model attributes that shall be restricted with a pattern are defined like
regular class attributes with a custom Primitive Type as datatype (e.g. +coding:
CodingName[l]). The Primitive  Type is  stereotyped  either  with
ClosedPatternRestriction or OpenPatternRestriction. The semantic for open and
closed is the same as for enumerations. ClosedPatternRestrictions are included in all
schema versions, OpenPatternRestrictions only in the strict schema versions. The
actual pattern of the restriction is defined as "class constraint" on the Primitive Type.

In the XML Schema the Primitive Types are translated as <xs:simpleType> based on
Xs:string with a xs:pattern restriction.
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5.3 PDM Information

The content of this chapter describes the various aspects of PDM information
contained in the VEC. PDM information is every information that is no actual content
data, but all meta data about ItemVersions contained in the VEC.

Since most of the PDM information (product data management relevant information) is
in principle equally relevant for both, parts and documents, the VEC defines the
abstract superclass ItemVersion as anchor for the definition of PDM information.

5.3.1 Lifecycle Information
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Figurel4: Lifecycle Information

An ItemVersion can carry information about the creation of the item. This means the
creating timestamp and an optionally information regarding the creator or responsible
person.

An ItemVersion normally has approval information and can be specified within the VEC
by the relationship ItemVersion.approval. The class Permission allows the
documentation of the persons involved in the approval-process.

The class ChangeDescription expresses the changes of an ItemVersion compared to
its direct predecessorVersion(s).

The class Copyrightinformation enables the description of copyright information of
ItemVersions. Instances of the class Copyrightinformation are assumed to be constant
and so do not require a dedicated belonging to a versioned instance (PartVersion or
DocumentVersion).
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An ItemVersion can have contract information with company role information.
Instances of the class Contract are assumed to be constant and so do not require a
dedicated belonging to a versioned instance (PartVersion or DocumentVersion).

A PartVersion can reference a Project in order to describe for which Project it is
relevant. Instances of the class Project are assumed to be constant and so do not need
to have a dedicated belonging to a versioned instance (PartVersion or
DocumentVersion).

5.3.2 Baselines

Specification
(VEC.core)
+identification : String [1] -
+description : AbstractlocalizedString [0..7] «OpenEnumerations
- BaselineContent
(VEC.core)
Partial
Baseline Specification Complete
(WVEC.core)
+state : BaselineState [0..1] «0 F'E"E"!”merﬂt'”"”
+content : BaselineContent [0..1] Baseline State
0.* MWEC.core)
Draft
Frozen

+validvVersions |0..*

ftemVersion
(WVEC.core)

+abbreviation : LocalizedString [0..7]
+description : AbstractlocalizedString [0..%]
+companyName : String [1]
+processinginstruction : Instruction [0..%]

Figurel5: Baselines

A BaselineSpecification defines a set of IltemVersions (Document- and PartVersions)
that relate to each other in a certain way e.g. all parts and documents in their specific
versions that contributed to a specific manufactured result.

Baselines are a standard mechanism to support change, release and configuration
management and are often used throughout the whole product life cycle. In the VEC,
baselines themselves are Specifications and thus content of a DocumentVersion,
which is equivalent to the fact that they are versioned information themselves.

In a product development for wiring harnesses, the content of a baseline is growing
over a period (e.g. system schematics are created before the definition of the physical
wiring harness). In this process, items are created and added to the baseline (based
on other items from the baseline). Additionally, items in the baseline can be changed,
following the rules of the respective development process. Such a baseline has the
BaselineState.Draft. At a well-defined point in time, the content of baseline is checked
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and released. After this, the baseline cannot be changed without creating a new
version of the baseline itself. Such a baseline has the BaselineState.Frozen.

Baselines are normally defined for a certain scope (e.g. a specific vehicle, a specific
product). During the product development it is possible, that a baseline is incomplete.
A reason for this might be, that not all development artefacts (e.g. wiring harnesses)
are defined in this phase of the development process even though all artefacts are
required for the final product. Such BaselineSpecifications have a Partial content.

5.3.3 Item History

temVersion
(WVEC.core)

+abbreviation : LocalizedString [0..%]
+description . AbstractLocalizedString [0..%]
+companyMame : String [1]
+processinglnstruction ; Instruction [0..7%]

1 1
+predecessorversion +gUccessorversion

«ClosedEnumerations

constant
E R HistoryEntryType

ItemHistoryEntry

(VEC.pdm) - (WEC.pdm}
- = Derivation
+Hype : HistoryEntryType [1] Sequence

Figurel6: Item History

In a development process items (parts or documents) are often refined incrementally,
S0 one ItemVersion originates from another. The class ItemHistoryEntry enables the
description of predecessor / successor relationships between ItemVersions. The
description of both linear and branching relationships is possible. The relationship can
be classified in order to distinguish between two cases:

1 The successor IltemVersion is an instance of the same item (type = "Sequence")

1 The successor ItemVersion is an instance of a new but somehow similar item
(type = "derivation™).

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020



Page 58 of 355 prostep ivip / VDA Recommendation

5.3.4 Item Equivalence

temVersion
(WVEC.core)

+abbreviation : LocalizedString [0..%]
+description . AbstractLocalizedString [0..%]
+companyMame : String [1]
+processinglnstruction : Instruction [0..7]
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DocumentVersion
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+documentNumber ; String [1]
+documeniType : DocumentType [0..1]
+documentVersion ; String [1]
+digitalRepresentationindex : String [0..1] 0.=
+creatingSystem ; String [0..1] :
+dataFormat : String [0..1] +itgmEquivalence PtemEqun.raIe\nu:e
+fileName : String [0..1] p 0 (VEC.pdm)
+location : String [0..1] " |+companyMame : String [1]
+number0 fSheets ; String [0..1] .

Figurel?: Item Equivalence

The class ItemEquivalence enables the description of equivalence relationships
between two or more ItemVersions. The standard use case is to relate ItemVersions
defined in the context of one company (hnumbering system) to IltemVersions defined in
the context of another company.

An extended use case might be that the differences are not only limited to different
numbering systems, but even to technical attributes. As the equivalence statement
might be very subjective the corresponding companyName must be specified.

5.4 General Component Data

The description of components and their properties is quantitatively the largest part of
the VEC model. The following sections explain the basic methods for describing
components and defining the information that applies to all types of components.

The properties of certain component types are defined in the next chapter.
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5.4.1 Description of Parts
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Figurel8: Description of Parts

In traditional data formats the diverse types of parts (e.g. connector housing, terminal,
wire) are differentiated with individual subclasses for each type inheriting from the type
corresponding to PartVersion. These subclasses define all specific information of the
component type (e.g. the cavities of a connector). Due to the great diversity of
components used in wiring harnesses a different approach is implemented in the VEC.

The general technical / physical properties of a component are described by
PartOrUsageRelatedSpecifications (and its subclasses). For each aspect of a
component an independent subclass of PartOrUsageRelatedSpecification is defined
(e.g. a ConnectorHousingSpecification, a TerminalSpecification). This approach
allows to describe a PartVersion by more than one PartOrUsageRelatedSpecifications
(Association PartOrUsageRelatedSpecification.describedPart). It offers the possibility
to extract information, which is shared between component types, into separate
specifications so that the structural definition can be reused without having to modify
the inheritance tree (e.g. GeneralTechnicalPartSpecification). Furthermore, some
components cannot be mapped onto such a strict type hierarchy (e.g. a connector
housing used as an inliner might have a fixing bolt for vehicle body in order to keep it
in place). Representing this by an inheritance tree would result in a huge variety of
different classes. With the concept of PartOrUsageRelatedSpecifications a component
like the mentioned connector housing can be easily described by using a
ConnectorHousingSpecification for the connector housing aspects and a
FixingSpecification for the fixing aspects. However, most parts have a primary
characteristic. For example, the mentioned connector housing will most probably only
be used if a connector is necessary. This primary characteristic is defined by the
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PartVersion.primaryPartType. The PrimaryPartType always refers by a naming
convention to a corresponding PartOrUsageRelatedSpecification. If the
PrimaryPartType is ABC, the corresponding Specification is named ABCSpecification
(e.g. ConnectorHousing and ConnectorHousingSpecification). The PrimaryPartType
serves the purpose of defining the primary characteristic of a part. It is not required to
describe every PartVersion in a specific VEC file with a corresponding
PartOrUsageRelatedSpecification, if the information is not required in the context of
the VEC file. For example, in the context of geometry data exchange it might be
perfectly valid to have PartVersions with PrimaryPartType=ConnectorHousing that are
only associated with a PlaceableElementSpecification (and/or a
GeneralTechnicalPartSpecification) while the ConnectorHousingSpecification is not
provided.

In some cases, there might be a need to specify attributes of a part that is not related
to any of the existing subtypes of PartOrUsageRelatedSpecification. (e.g. it might be
relevant to describe a screw nut used as an accessory for a connector housing). In this
case the class PartOrUsageRelatedSpecification is instanced and the relevant
attributes are added as CustomProperties.

Since the PartOrUsageRelatedSpecification is a subclass of Specification, which is a
sub element of a dedicated DocumentVersion, all information defined by it can be
related to a precise development state.

The relationship PartOrUsageRelatedSpecification.describedPart might be seen as
redundant to the relationship DocumentVersion.referencedPart but considers the fact
that there are use cases, where only information on the level of PartVersions and
DocumentVersions is exchanged, but not on the very detailed level of
PartOrUsageRelatedSpecifications. In addition, it is possible, that several PartVersions
are described by a single DocumentVersion containing a couple of specifications, each
of them describing a single PartVersion (e.g. a drawing with a major part and its
accessory parts).
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5.4.2 General Technical Part
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Figure19: General Technical Part

The class GeneralTechnicalPartSpecification is intended to aggregate common
technical attributes that are relevant for most kinds of parts (e.g. massinformation or
information about valid temperature environments).

5.4.3 Supplementary Parts
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Figure20: Supplementary Parts

With the PartRelations other PartVersions (those) can be defined as supplementary
parts for the PartVersions that are described by the containing
GeneralTechnicalPartSpecification (this).

The semantic is, that if this PartVersion shall be used in a correct way in a product,
those referenced PartVersions can or shall be added to the product as well (depending
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on the used PartRelationType). That can be for example caps, bars or levers in case
of a connector.

The PartRelation.relationType defines how the set of referenced PartVersions of one
PartRelation must be interpreted. For details see the description of class PartRelation.

The association via the PartRelation just defines what other components may be used
together with this component. It does not further specify the location of the usage or its
function. However, in some cases a more detailed specification of the location is
needed, e.g. if the supplementary part is required for a specific slot in a connector
housing. In such a case, the PartRelation is specified by the
GeneralTechnicalPartSpecification and may be referenced by its specific usage
location (currently from a Slot, ModularSlot or ExtensionSlot).

5.4.4 Placeable Elements
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Figure21: Placeable Elemesn

In a wiring harness many components can be placed directly onto the topology (e.g.
connectors, fixings). To specify the aspect of placeability the VEC defines a
PlaceableElementSpecification. Every component to be placed directly onto the
topology must have a PlaceableElementSpecification in addition to its regular type
specific PartOrUsageRelatedSpecification (e.g. ConnectorHousingSpecification).

A PlaceableElementSpecification defines at minimum the validPlacementTypes for the
component (e.g. a connector can be placed on a point, a tape can be placed on a path
in the topology).
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In addition, the PlaceableElementSpecification can define important points of the
component, MeasurementPoints and PlacementPoints.

MeasurementPoints are locations on the component that can be used to define a
dimensioning. To make a MeasurementPoint locatable by a person more information
is needed. This information is normally provided with a drawing of the component. The
identification can be used to find the MeasurementPoint on the drawing (if it is labelled).
To make a MeasurementPoint locatable by a system, the external mapping
mechanism can be used.

PlacementPoints are locations on the component, where it can be attached to the
wiring harness. Therefore, it can define a segmentDiameter for which it is usable. To
locate a PlacementPoint on the component, the same approach as for
MeasurementPoints can be used.

Often these PlacementPoints have additional properties depending on the component
type. In these cases, the corresponding PartOrUsageRelatedSpecification redefines
these elements, with a reference to the PlacementPoint which represents them (e.g.
the SegmentConnectionPoint). However, a PlacementPoint can be defined without
such a corresponding element, if no additional information is necessary.

5.4.5 Coordinate Systems of Components
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Figure22: Coordnate Systems of Components

A LocalGeometrySpecification defines a mapping between the entities of the VEC and
the 3D model of a component. The 'Local' in the name refers to the fact that all
definitions within this specification are 'local' to the 3D model of a specific component
(a componentin a library, not in a specific usage).

The coordinate system of a component is defined by its 3D model, which often follows
certain guidelines or conventions (e.g. the coordinate systems of connectors have their
origin  in the centre of cavity 1). The Transformation3D of an
OccurrenceOrUsageViewltem3D (see section 3D-Geometry) defines how the 3D
model of the component shall be transformed in order to represent the correct
positioning of its usage. This transformation is defined in regard to the origin and the
axis of the component's coordinate system.

The BoundingBox specifies a box that has the extent to completely enclose the volume
of the component. It is defined to have one corner in the origin of its coordinate system
and to grow along the respective axes in positive direction. This means, that the origin
of bounding box is on a corner of the represented volume, the origin of the 3D model
of the component is at some arbitrary point within the represented volume. As a result,
the bounding box will most likely not enclose the component's 3D model in "usage
space" when placed with the same transformation as the original 3D model. To
overcome this problem, the LocalGeometrySpecification defines a Transformation3D
as boundingBoxPositioning, which puts the generally defined bounding box into the
coordinate system of the component. The transformed bounding box is then placed
into the "usage space" with the same transformation as the 3D model of the
component.

In addition, the LocalGeometrySpecification also defines LocalPositions of important
points of the component. The position of these points is defined within the coordinate
system of the component. Positions can be defined for:
1 PlacementPoints: Points where a TopologySegment is attached to the
component (e.g. a Bundle / Segment Connection Point of a Connector).

1 MeasurementPoints: Significant points on the component on to which
dimension can be defined (e.g. for QA purposes).
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5.4.6 Part Substitutions

Specification
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Figure23: Part Substitutions

A PartSubstitutionSpecification defines a set of PartVersions that can be used
alternatively, due to an incomplete specification for the 150% product description. For
a concrete wiring harness only one valid PartVersion remains. The selection logic for
valid PartVersions is not included in the VEC. It is NOT vald to use a
PartSubstitutionSpecification for PartVersions with identical properties that just have
different PartNumbers in different contexts (e.g. multi supplier topics). For these cases
an ItemEquivalence shall be used.

A PartSubstitutionSpecification can be used e.g. for tubes or ring terminals, where a
part of the specification is known at design time, but not yet the complete specification.
E.g. for tubes the required inside diameter is not known at design time, since it depends
on the bundle diameter of a specific configuration.

In order to represent a component instance that utilizes such a
PartSubstitutionSpecification a PartUsage is necessary. The PartUsage is the element
in the VEC which defines instances of components, where a specific PartVersion is not
yet known. It references one or more PartOrUsageRelatedSpecifications to describe
the known properties of the component. If the PartUsage references an additional
PartSubstitutionSpecification the set of valid PartVersions can be further constrained.
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5.4.7 Conformance to Requirements

DocumentVersion
(VEC.core)

3.990”"03“‘?” o +documentMumber : String [1]
(VEC.core) +specification +documentType : DocumentType [0..1]
sidentification : String [1] 0.+ 0.1 +documentVWersion : String [1] +relatedDocument
sdescription : Abstractl ocalizedString [0.7] +digtalRepresentationindex : String [0..1] 5
Partlsage P 9[04 +creatingSystem : String [0..1] 0.
(WEC.part_usage) - +dataFormat : String [0..1]

+fileMame : String [0..1]
+location : String [0..1]
+number0fSheets : String [0..1]

1 0.

+primaryPartUsageType : PrimaryPariType [1]

0.*
+partOrUsageRelatedSpecification
0.*

PartOrlsageRelated Specification
(WEC.core)

+zpecialPariType : String [0..1]

PartVersion +describedPart
(VEC.core) 0.* 0.

+partNumber : String [1]

+partVersion : String [1]
+primaryPariType : PrimaryPariType [1]
+izPreferredPart : String [0..1]
+preferredUseCaze : String [0..1]
+aliasld : Aliasldentification [0..%]
+nature : PartNature [0..1] RequirementsConformance Specification

(VEC.reguirements_conformance)

1

equirementsSpecification

+conformanceStatement |0.*

RequirementsConformance Statement
(VEC.reguirements_conformance)

+zatisfies - boolean
+description : LocalizedString [0..%]

Figure24: Conformance to Requirements

During the life cycle of a given PartVersion manifold situations are existing, where the
conformance of that PartVersion to a set of requirements must be demonstrated or is
required to be known. To represent the result of such a conformance test, the VEC
offers the RequirementsConformanceSpecification and the
RequirementsConformanceStatement.

As the RequirementsConformanceSpecification is a PartOrUsageRelated-
Specification, it can be used to express conformance for a set of PartVersions or
PartUsages. The DocumentVersion in which the RequirementsConformance-
Specification is contained, normally represents the original document by which the
conformance was approved (e.g. a type rating).

The actual conformance is expressed with RequirementsConformanceStatements. It
can be used to document a successful or explicitly failed conformance test. The
requirements for which the state is valid, are referenced as a DocumentVersion via the
requirementsSpecification association.

If a RequirementsConformanceStatement is omitted for a PartVersion, this does not
imply any conformance information at all. The RequirementsConformanceStatement
can be missing because the component has never been tested according to the
specification, or it has been tested, but the information was not transferred within this
specific VEC instance, or the information is just not available in a digitally analysable
form.

The VEC does not impose any restrictions on the kind of requirements specifications
for which conformance can be expressed. This can be for example:
1 A standard (company or public) like an ISO or a DIN.

1 A definition of requirements in the sense of a specification sheet.
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1 Requirements that allow certain handling procedures (e.g. suitability for
production automation)

The VEC does not impose any restrictions on how the conformance must be
demonstrated. This can be done with well-defined testing procedure, a manual
assessment, an audit, a type examination or anything else. Normally the requirements
specification itself defines how conformance to it must be demonstrated.

5.5 Component Characteristics

55.1 Wire

PartOrUsageRelated Specification
(VEC.core)
+specialParfType : String [0..1]
WireSpecification «0penEnumerations
(WEC.electrical_parts) WireElementShape
(WEC.electrical_parts)
0.* IU..1 » Circular
+wireElement | 1 I Flat
WireType WireElement +zubVireElement Eliptical
(VEC electrical_partz) (VEC electrical_parts) V 0.1
+type : String [1] +identification : String [1]
+referenceSystem : String [1]
+subWirgElementSpecification +wireElementSpecification +\.-..'ireEIementSpecwficatiun
= 1

WireElementSpecification
(WEC.electrical_parts)

+ype : WireType [0..7]

+ | +minBendRadiusDynamic : MumericalValue [0..1]

" |+minBendRadiusStatic : NumericalValue [0..1]
+outsideDiameter : Numericalalue [0..1]
+suitedForDynamiclse : Boolean [0..1]

+impedance : Numericalalue [0..1]

+&ize : Size [0..1]

+validWireReceptionTypes : WireReceptionType [0..%]
+gridSpacing : Numericalalue [0..1]

+ghape : WireElementShape [0..1]

0. 0. 0. 0.
+conducterSpecification (0.1 +wireGroupSpecification (0.1 +fillerSpecification (0.1
+insulation ificatiof..1 ConductorSpecification WireGroup Specification FillerSpecification
InsulationSpecification (VEC.electrical_parts) (VEC.electrical_parts} (VEC.electrical_parts)
(WEC.electrical_parts) +crossSectiondrea : Numericalalue [0..1] +groupType : String [1] +material : WMaterial [0..%]
+baseColor - Calor [0 7] +mass|_nfr:|rmatiu!1 Massinformation [0..1] +lengthOfTwist : NumericalValue [0..1] +diameter : Numericalvalue [0..1]
~firstidentificationColor : Color [0.] e ahoc 10,1
+secundldz_ant\ﬁpat|un00\.ur Color [0..%] +structure : String [0.1] ConductorCurrentinformation
+abeldentificationColor : Color [0.9] +type - Siring [0..1] (VEC electrical_paris)
i = L .. .electrical_parts

+}age:gen¥pca}!ongy?e _Sé;'r.'g [06'11-. +number0fStrands | NumericalValue [0..1] +currentinformation = S
JE e k= i [ 01 +platingMaterial - Material [07] 7| *maxCurrent : NumericalValue [1]
+material : Material [0..7] i +strandDiameter : NumericalValue [0..1] L 0.* | senvironmentTemperature : Numericalvalug [1]
+thickness : NumericalWalue [0..1] +voltageRange : NumericalValue [0..1] : +voltage | Numericalvalue [1]

CoreSpecification ‘ ShieldSpecification

(WEC.electrical_parts) (VEC.electrical_parts)

+outsideDiameter : Numericalvalue [0..1] +opticallizsueDensity : Numericalvalue [0..1]
+windingType : String [0..1]

FlatCore Specification
(WEC.electrical_parts)
+8ize : Size [0..1]

Figure25: Wire

In the VEC wires are defined through a WireSpecification, regardless of their type. This
means, for all types of wires (e.g. normal single core, multi core or coax wires) the
same structure is used to describe them. Since a wire can be a hierarchical structure
the actual definition of the structure is delegated to a WireElementSpecification. A
WireElementSpecification can define a certain wire element and more complex
structures by referencing the appropriate subWireElementSpecifications.

This model structure is required, because some WireElements can exist as individual
parts and as an element of one or more complex wires with the same technical
properties (e.g. a FLRY-0.75 wire can be used standalone or as part of a multi core or
twisted wire). In order to allow the reuse of such elements, the structure of a wire
element is defined with WireElementSpecifications which can be shared and reused
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between different other WireElementSpecifications and WireSpecifications. This
means a WireSpecification references the root WireElementSpecification that
describes its structure, while the subWireElementSpecifications can be used by
different WireSpecifications at the same time.

In order to allow an unambiguous identification of a particular
WireElementSpecification within the context of a WireSpecification, the
WireSpecification defines a list of WireElements for each WireElementSpecification
that belongs to the hierarchy of the wire. The WireElement defines the identification of
a WireElementSpecification within the context of a wire.

A WireElementSpecification can reference an InsulationSpecification, a
CoreSpecification, a ShieldSpecification, a FillerSpecification and/or a
WireGroupSpecification in order to describe its technical details. These aspects are
separated into individual Specifications in order to allow the reuse of them. For
example, the CoreSpecification of a FLRY-0.75 is the same for a group of wires,
regardless of their insulation color. In turn the InsulationSpecification of a blue & green
FLRY wire might be the same for a group of wires, regardless of their cross-section
area.

When creating the hierarchy of WireElementSpecifications for a wire the
representation with the minimal amount of WireElementSpecifications shall be used.
This means that a single core shall be represented by a single
WireElementSpecification with an InsulationSpecification and a
ConductorSpecification and not with individual hierarchical WireElementSpecifications
for the insulation and the conductor.

In most cases, a WireElement has a physical representation within the wire. However,
there are cases were the WireElementSpecification is just a group of
WireElementSpecifications with no real physical manifestation. For example, a twisted
pair wire, consists of two single core WireElementSpecifications and a parent
WireElementSpecification that just defines the type of twist. Note: All Specification in
this diagram, where no superclass is displayed inherit directly from Specification.
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55.2 Terminals

Specification
(VEC.core)
+identification - String [1]
+description * Abstractl ocalizedString [0_%]
il - | — +valdConductorhaterials | C Material Termi i
(VEC.core) N 1 0 (VEC.electrical_parts) (VEC.electrical_parts)
+specialPartType : String [0.1] E T L) +material - Material [1.7] | |«Deprecateds+cavityDesign : String [0..1]
+coreCl tionArea [0..1] ial : Material [0..7]
+insulationDisplacementLength : MumericalValue [0..1] +primaryLockingType : PrimaryLockingType [0..1]
«OpenEnumerations +multiContact : Boolean [0..1] +addOns = E: +pullOutForce : Numericalvalue [0..1]
N +wireReceptionType - WireReceptionType [0..1)
T(’:E"[;':::":'E'I"ggxge +wireE [0.1] 1 0. (VEC.electrical_parls) 0.1 o
- Ig':‘;‘lgg"';?‘%’;'léQkﬂ‘lg”j]‘[U 1 +wireAddOn - NumericalValue [1] | “ter ation
gg;ﬁm E - +type - WireAddOnType [1] 01
Noutral =wireReceptionSpecification [0_.1 -
st 0 «OpenEnumerations
] WireReception P"'E";'TL;CK'I"QT:D?
T" (VEC.electrical_parts) (VEC electrical_parts)
+wireReception [ = e T o n | Lance
Ter phion I String [1] oy
(VEC.electrical_parts} 1 0.* |+angle : NumericalValue [0..2]
+voltageRange - ValugRange [0 1] 0=
+sealingType : TerminalSealingType [0..1] “er IRecepti Termi +wirgReception
T 7 o+ 7| [VEC electrical_parts)
1 +identification - String [1] 0.7
+gender : String [0..1] +terminallype 0.1
= TerminalType «OpenEnumerations
~currentinformation |0.* sterminalReception (VEC electrical_parts) WireReceptionType
TerminalCurrentinformation +name : String [1] (VEC glectrical paris)
(VEC. electrical_parts) o1 o1 +nominalSize - String [0..1] E"E”
oldering
+currentRange : ValueRange [1] InternalTerminalConnection PlasmaSoldering
+nominalvoltage : NumericalValue [1] +internalTerminalConnection (VEC.electrical_parts) SpotResistentivelding
+coreCrossSectionArea : NumericalValue [1] T = : paris) Frictioneiding
 |+identification : String [1] UltraSonicwelding
UttraSonicCompactation

SpliceTerminalSpecification BridgeTerminal o ireEndTerminal PluggableTerminalSpecification «OpenEnumerations
(VEC electrical_parts) (VEC electrical_parts) (VEC.electrical_parts) (VEC.electrical_parts) PluggableTerminalType
“terminaype : PluggableTermnamype (01| ° (VEC electrical_parts)
= = Ee— = E— Standard
RingTerminal Specification BoltTerminal Specification Coax
(VEC electrical_parts) (VEC.electrical_parts) «OpenEnumerations MultiContact
+boftDiameter - HumericalValue [0_1] ~boltDiameter - Numericalvalug [0.1] WireAddOnType E”“Q"B 5
+boltNominalSize : String [0..1] +boltHeight : Numericalvalue [0..1] (VEC.electrical_parts) Iggydac!
+thickness : NumericalValue [0..1] +bolthominalSize : String [0..1] Contract
+boliType : String [0..1] +boliType : String [0..1] Production
+putsideDimension : Numericalalue [0..1] | [+torsionProtection : Boolean [0..1]
+orsionPratection * Boolean [0..1] +maxTerminalCount - Integer [0..1]

Figure26: Terminals

A TerminalSpecification can define WireReceptions and TerminalReceptions and on
that basis InternalTerminalConnections. A WireReception can reference a
WireReceptionSpecification in order to provide technical details about the wires which
can be accommodated. @A  TerminalReception can reference a
TerminalReceptionSpecification which provides technical details about compatible
cavities and mating-terminals. An InternalTerminalConnection states which
WireReceptions and Terminal-Receptions are electrically connected. This is especially
important in case of a coax terminal.

5.5.3 Wire End Accessory

Specification
(VEC.core)
+identification : String [1]
+description : AbstractLocalizedString [0..%]
PartOrlUsageRelated Specification . - T
(VEC.core) ereRe{:eptlqup-ecmcah on ConductorMaterial
+specialPartType : String [0..1] (WELEREIE LIE ) +validConductorMaterials | (VEC.electrical_parts)
+coreCrossSectionArea : ValueRange [0..1] 1 0.+ "|+material : Material [1..%]

+insulationDisplacementLength : NumericalValue [0..1]
+multiContact : Boolean [0..1]

+wireReceptionType : WireReceptionType [0..1]
+wireElementOutsideDiameter : ValueRange [0..1]
+platingMaterial : Material [0..%]

+zealable : Boolean [0..1]

+wireReceptionSpecification |0..1

WireEndAccessorySpecification
(VEC .electrical parts)
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Figure27: Wire End Accessory

WireEndAccessorySpecifications are describing parts that are used for a treatment of
a wire end before the actual terminal is attached to the WireEnd (e.g. a ferrule).

5.5.4 Terminal Pairing

Specification
(WVEC.core)

+identification : String [1]
+description : AbstractlocalizedString [0..7]

I
|

TerminalPairing Specification

Rl p:ing) ConductorSpecification
(WEC.electrical_parts)
1 +crossSectionArea - Numericalfalue [0..1]
) B +massinformation : Massinformation [0..1]
+terminalPairing, 0. +material : Material [0..%]
TerminalPairing +resistance : Numericalalue [0..1]
) L ; inn | #8tructure : String [0..1
(VEC.terminal_pairing} : +referencedCoreSpecification e [IZI..%][ ]
+contactResistance | Numericalalue [0..1] 0. 1 +number0fStrands : Numericalvalue [0..1]
+matingForce : Numericalalue [0..1] +platingMaterial : Material [0..%]
+unmatingForce : Numericalalue [0..1] +strandDiameter : Numericalvalue [0..1]
e o +voltageRange : NumericalValue [0..1]
+firsfTerminal | 1 +secondTerminal | 1

PartVersion
(WEC.core)

+parthNumber : String [1]

+partVersion : String [1]
+primaryPartType : PrimaryPartType [1]
+igPreferredPart : String [0..1]
+preferredUseCase : String [0..1]
+aliasid - Aliazidentification [0..7%]
+nature : Parthature [0..1]

Figure28: Terminal Pairing

A TerminalPairingSpecification is a container for various TerminalPairing. A
TerminalPairing is an aspect of part master definition of terminals and represents a
specific pair of terminals pluggable to each other. It specifies properties of that terminal
pair in combination with a specific ConductorSpecification.
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5.5.5 Connector Housings

PartOrUsageRelated Specification
(VEC.core)

~specialPartType  String [0..1]

ConnectorHousingSpecification

ConnectorHousingCapSpecification «OpenEnumerations (VEC.electrical_parts)
(VEC electrical_parts) Connector® i engthAGdOn o
+wireAddOn : Numericalvalue [0..1] 0.1 (VEC electrical_parts) ] ValueRange [0.1]
+outietDirection : ConnectorOutistDiraction [0..1] Straight ' |*coupleable - Boolean [0..1]
Angied +connectorPositionAssurance : Boolean [0..1]
Connector0 1011
SlotSpecification I“ IU 1 1
(WEC.electrical_parts) +slot [0.* +coding [0..1
+emvProtectionRequired : Boolean [0..1] Abstractsiot +coding Coding 4 +segmentConnectionPoint [0..
+gender : SlotGender [0..1] slotSpecification EScbccalipais) - —— —SERRESEnicnl poris) SegmentCannectionPoint
+layoutType : String [0..1] 0.1 satisfies. 0.* 1| ding : CodingName [1] )
Saacondan Losking - Bolean (0.1 +slotNumber : String [0..1] +coding : CodingName [1] (VEC elecirical parts)
+numberOfCavities : Integer [1] - + String [1]
«Op
f l CodingName 0%
5.1 {Uncoded, 7} 1 1
+siotLayout 0.1 «OpenEnumerations
SiotLayout SiotGender I )
(VEC.electrical_parts) (VEC.¢lectrical_parts) Slot +ModularSlotAddOns |0
+gridX : NumericalValue [0.1] ’F-‘:;‘e (VEC electrical_parts) ModularSiot siot Modu\ars\oﬂddt}n‘
+gridY : NumericalValue [0..1] +colorinformation : Color (0.7 EC.electrical parts) (VEC.electrical_parts)
i ! Unspecified ) (VEC electrical_parts) [ -
rowCount : Integer [0..1] +sealingType : SlotSealingType [0..1] = +wireAddOn : NumericalValue [1]
+permittedTerminalSupplierCompanyhames : String [0.] +optional : Boolean [0..1]

lm 1

«OpenEnumerationa

«OpenEnumerations
CavitySpecificat
S
SaE) (VEC.electrical_parts) (VEC electrical_parts)
Contract
SingleSeaing faonon
MuliSeaing .
Moulded +CavityAdoOns [0..
1 scavity |1.” CavityAddOn
5 +cavitySpecification Cavity :D‘""y - (VEC.electrical parts)
e . -
+compatibleTerminalType : Terminaype [0..%] 01 saieies | 0 (VEC.electrical_paris) Ir“i.!?"%’k dggnn‘%;il\[.;@me 0
+available : Boolean [0..1] i
o4 +cavityNumper : String [0..1]
+hasitegratedTerminal | Bo0lean (0.1 |, op o veo
«OpenEnumerations
PrimaryLockingType

(VEC.electrical_parts)

gk

<integratedTerminalSpecification |1..1
TerminalSpecification

(VEC electrical_parts)

+voltageRange : ValuieRange [0.1]
+sealingType : TerminalSealingType [0..1]

Figure29: Connector Housings

A ConnectorHousingSpecification defines the technical properties of a connector
housing or similar items (e.g. modular connectors, contact modules, connector shells).
A connector is normally plugged into a mating connector in order to create connectivity
(this is in most cases electrical connectivity, but not limited to it). The actual electrical
connection is normally established by terminals, mated to each other, which are placed
in cavities. The VEC supports two primary types of connectors: normal (conventional)
connectors and modular connectors.

A conventional connector defines a fixed number of Cavities, which are grouped into a
fixed number of Slots. A modular connector defines a geometrical shape into which
another component (a contact module) can be placed. The cavities are then defined
by the used contact module. The combination of both is possible as well.

Therefore, the ConnectorHousingSpecification consists of AbstractSlots, which either
can be Slots or ModularSlots in an arbitrary combination.

A Slot is used if the cavities are part of the connector housing. Therefore, a Slot
consists of Cavities. A Cavity is defined in detail with a CavitySpecification.

A ModularSilot is used if the slot is just a geometrical shape into which different inserts
can be placed. The insert itself is again defined by a ConnectorHousingSpecification.
So, itis possible to create recursive structures. A ModularSlot can reference more than
one insert, because different variants of e.g. contact modules that fit into this particular
ModularSlot might exist.
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A SegmentConnectionPoint can be used if a connector housing has more than one
entry point for wires (segments). The SegmentConnectionPoint is used to define which
Cavity is reachable through which entry point. In the latter this is a necessary
information to support auto routing for connectors with more than one
SegmentConnectionPoint.

5.5.6 Cavity Mapping

Mapping Specification

(WEC.mapping})
1
+mapping 0..* PartVersion
Mapping +B (WEC.core}
(VEC.mapping) [~ 1 +partNumber : String [1]

+partVersion : String [1]

+primaryPartType . PrimaryPartType [1]
+A | +izPreferredPart : String [0..1]

i 1 +preferredUseCase : String [0..1]

+aliasld : Aliasldentification [0..%]

+nature : PartMature [0..1]

1

+glotMapping | 0..*

SlotMapping
WEC.mapping})

+identificationA : String [1]
+identificationB : String [1]

1

+cavityMapping |0..*

CavityMapping
(WEC.mapping)

+identificationA : String [1]
+identificationB : String [1]

Figure30: Cavity Mapping

A MappingSpecification defines the mapping of cavities in one connector housing onto
the cavities in another connector housing. In order to create a compact data structure,
the mapping is not done with direct references to Cavities, but with Mapping elements
referencing two PartVersions for which the mapping is valid.

The Mapping element contains SlotMappings and CavityMappings to define which
Cavity of one side gets plugged into which Cavity of the other side. The mappings are
based on functional keys (e.g. cavity number), not technical keys like ID/IDREF, to
ensure flexibility when partitioning the data into different VEC files.

For a valid Mapping, the referenced PartVersions shall represent ConnectorHousings.
The identificationA & B of the SlotMapping / CavityMapping shall have correspondent
Slot.identifcation & Cavity.identification in the respective part master definition of the
referenced PartVersions.
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5.5.7 Cavity Seals and Cavity Plugs
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PartOrUsageRelatedSpecification

(VEC.core)
+specialPartType : String [0..1]
«OpenEnumerations «0penEnumerations = ﬁl e
G P ficat,
CavityGeometry SealingGeometry BE‘:,?C :\;ﬁ:;:\‘ “;;:’ =
(VEC.electrical_parts) (VEC electrical_parts) —— N 4
- 71 +cavityDi : Size [0.7]
Square Circular : +hardness - NumericalValue [0..1]
Circular Oval +geometry : SealingGeometry [0..1]
Oval Square ~compatibleTerminalType - TerminaType [0..*]
Segmented " e try : CavityG try [0..7]
Sectored ul ‘? . n
[ [ |
CavityAccessorySpecification Cavity SealSpecification Cavity Specification CavityPlugSpecification
(WEC.electrical_parts) (WEC.electrical_parts) (WEC.electrical_parts) (WEC.electrical_parts)
+wireE OutzideDiameter : ValueR [0..1] +wireE OutsideDiameter : ValueR [0.. +angle : NumericalValue [0..2]
+wireReceptionType : \nﬂreReceptlunType [0..1] +wireReceptionType : ‘aulreReceptmnType [0. 1] «Deprecateds+cavityDesign : String [0..1]

+insideDiameter : NumericalValue [0..1]

+cavityDi

MultiCavity SealSpecification
(WEC.electrical_parts)

+geometry : Ca_v'rtyGeU metry [0..1]

Size [0.1]

+minWireElementOutsideDiameter : NumericalValue [0..1]
+maxWireElementOutsideDiameter : Numericaalue [0..1]
+primaryLockingType : PrimaryLockingType [0..1]
+sealable - Boolean [0..1]

+compatibleTerminaType : TerminalType [0..7]

1

+assignment [0..%

+cavitySpecification

0.1

satisfies

0.*

OpencCavitiesAssignment
(VEC.electrical_parts)

+openCaviies

(WVEC.electrical_parts)

Cavity

0. 1

+available : Boolean [0..1]
+cavityNumber : String [0..1]
+hasIntegratedTerminal - Boolean [0..1]

+sealedCavities

MultiCavityPlug Specification
(WEC.electrical_parts)

1

+assignment [0..*
SealedCavitiesAssignment

7

Figue 31: Cavity Seals and Cavity Plugs

0.

(VEC.electrical_parts)

The diagram displays the PartOrUsageRelatedSpecifications for Cavity seals and
plugs. Both are used to seal Cavities. A cavity plug is used for a single cavity that has
no wire in it, a cavity seal is used to seal a single cavity together with a terminal and a
wire (single wire seal).

The MultiCavitySeal and the MultiCavityPlug represent parts which are sealing more
than one cavity at the same time (multi wire seal). For more details see the description
of the corresponding classes.

5.5.8 Wire Protections

PartOrUsageRelatedSpecification

(VEC.core)

+specialParfType : String [0..1]

WireProtectionSpecification

(WVEC.non_electrical_parts)

+zoundDampingClass

SoundDampingClass [0..%]

«0OpenEnumerations
TubeSlitStyle
(VEC.non_electrical_parts)

Slit
SelfClosing
Closable
Overlapping
TwoParts

«0penEnumeration»

T

TubeSpecification
(VEC.non_electrical_parts)

TapeSpecification
(VEC.non_electrical_parts)

Stripe Specification
(WEC.non_electrical_parts)

Fitting Specification
(VEC.non_eglectrical_parts)

+bendRadius : Numericalvalue [0..1]
+innerDiameter : NumericalValue [0..1]
+wallThickness : NumericalValue [0..1]
+is5lit : Boolean [0..1]

+slitStyle - TubeSitStyle [0..1]
+nominalSize : String [0..1]
+secondaryNominalSize : String [0..1]
+shape : TubeShape [0..1]

+backing : Material [0..%]

+adhesive : Material [0..%]

+width : Numericalvalue [0..1]
+thickness : NumericalValus [0..1]
+coilCoreDiameter : NumericalWalue [0..1]

+length : Numericalvalue [0..1]

+form : String [0..1]

tDiameter : ValueRange [
+width : NumericalvValue [0..1]
+thickness : NumericalValus [0..1]

0..1]

1

(WEC.non_electrical_parts)

TubeShape k |+puterDiameter : NumericalValue [0..1]
(VEC.non_electrical_parts) (0.1 +height : NumericalValue [0..1]
= +width : Numericalvalug [0..1]
Clrcul_ar +length : NumericalValue [0..1]
MonCircular
ShrinkableTube Specification CorrugatedPipe Specification

(WEC.non_electrical_parts )

+resin : Material [0..%]

+shrinkingFactor : Double [0..1]
+maximumlLongitudinalShrinkage : Numerical/alue [0..1]

+waterAbsorbtion : NumericalMalue [0..1]

+corrugatienHeight : NumericalValue [0..1]
+corrugationWidth : NumericalValue [0..1]
+corrugationGradient : Numericalvalue [0..1]

Figure32: Wire Protections
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+outlet (0.7

FittingOutlet
(WEC.non_electrical_parts)

+identification : String [0..1]
+innerDiameter : NumericalValue [0..1]
+outerDiameter : NumericalValue [0..1]
+nominalSize : String [0..1]
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The diagram displays the type hierarchy for WireProtectionSpecifications. These
PartOrUsageRelatedSpecifications are used to describe the technical aspects of wire
protections like tapes, tubes, fittings and stripes.

5.5.9 Fixings, Cable Ducts, Cable Ties and Similar

PartOrlsageRelated Specification
(VEC.core)
+specialParfType : String [0..1]
Fixing Specification CableDuctSpecification CableTie Specification Ferrite Specification
(WEC.non_electrical_parts) (WEC.non_electrical_parts) (WEC.non_electrical_parts) (WEC.non_electrical_parts)
+offset : Numericalvalue [0..1] +length : Numericalvalue [0..1]
+nominalSize : Mumerical/alue [0..1] +width : MumericalValue [0..1]
e 1 +hickness : Numericalvalue [0..1]
+tensioningStrength : Numericalalue [0..1]
+outlet |0..*
BoltMountedFixing Specification CableDuctQOutlet
(WEC.non_electrical_parts) (WEC.non_electrical_parts)
+boltType : String [0..1] +identification : String [0..1]
+boltDiameter : NumericalValue [0..1]
+boltHeight : Numericalalue [0..1]

(VEC.non_electrical_parts) (WEC.non_electrical_parts)
+holeDiameter : NumericalValue [0..1] | |+edgeThickness : ValueRange [0..1]
+plateThickness : ValueRange [0..1]

+holeType : String [0..1]
+holeShape : String [0..1]

E:

Figure33: Fixings, Cable Ducts, Cable Ties and Similar

The diagram displays the type hierarchy for parts that are usually mounted onto the
topology of a wiring harness. These PartOrUsageRelatedSpecifications are used to
describe the technical aspects of components like fixings and cable ducts.
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5.5.10 Grommets

Specification
(WEC.core)

+identification : String [1]
+description : AbstractlocalizedString [0..7]

T

PartOrUsageRelated Specification
(VEC.core)
+zpecialPariType : String [0..1]
Grommet3Specification
(VEC.non_electrical_parts) CavityPartSpecification «0penEnumerations
+hardness : NumericalvValue [0..1] (WEC.electrical_parts} SealingGeometry
+holeDiameter : Numericalalue [0..1] +cavityDimension : Size [0.%] (WEC electrical_parts)
+plateThickness : ValueRange [0..1] +hardness : NumericalValue [01] Circular
+grommetType : String [0..1] +geometry : SealingGeometry [0..1] Oval
+compatibleTerminalType : TerminaMype [0..%] Square
] +compati vity try : Cavit try [0..4] ted
‘Il Sectored
+cableLeadThrough |0..* CavitySealSpecification CavityPlugSpecification
CableLeadThrough (VEC.electrical_parts) (WEC electrical_parts)
(VEC.non_electrical_parts) +wireElementOutsideDiameter : ValueRange [0..1]
+identification : String [0..1] +wireReceptionType : WireReceptionType [0..1]
+insideDiameter : Numericalfalue [0..1]
+c:a_IeLeadThruughSpecificatiun10..1
Cabl;;e;::’:r;:;::;ecalfrlt:‘atlon «OpenEnumerations «0penEnumerations
S _pans) CableLeadThroughGeometry CableLeadThroughType
Hype ?ﬁb_|ELEﬂdT“"U“QhTYPf'LU--ﬂ " (VEC.non_electrical_parts) (WEC.non_electrical_parts)
geometry : CableLeadThr ry [0..1] =
+sealingDimension : Size [0..1] Square ShrinkingTube ]
+minSegmentOutsideDiameter : Numericalvalue [0..1] Circular ShrinkingTubeWithSealingGlue
+maxSegmentOutsideDiameter : NumericalValue [0..1] Oval SealingGlue
+zealable : Boolean [0..1] Overmolded
Foamed
WithSealingComponent

Figure34: Grommets

This diagram displays the relevant classes for grommets. Basically, grommets belong
to the same category of parts like fixings and cable ducts. Grommets are mounted onto
a harness topology and are used to guide cables safely, and in some cases sealed,
through openings, for example in the car body.

There are cases, where additional sealing of a cable lead through is not done with
some kind of manufacturing steps (e.g. Foamed), but with additional sealing
components. These are common case e.g. in high voltage applications where one lead
through per wire is used. Those are often sealed with an additional single wire seal. In
the VEC those seals are represented by a CavitySeal- or CavityPlugSpecification.
Even if the name "Cavity..." seems awkward in the combination with grommets & cable
lead throughs, the properties remain the same.

The CableLeadThroughSpecification includes all attributes that are necessary to
calculate appropriate seals.
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5.6 EE-Components

5.6.1 EE-Components

PartOrlUsageRelated Specification
(VEC.core)

+specialPartType : String [0..1]
EEComponentSpecification
(VEC.electrical_parts)
+powerC ion : PowerC ion [0..%]
;hfuswngCumpunent +extensionSlots EI * 1 1
HousingComponent e Siot +5tfte5
LERILLE (VEC electrical_parts) 0..
(VEC.electrical_paris) Switching Stat
— +identification : String [1] L
+identification : String [1] ) (VEC.electrical_parts)
+description : AbstractlLocalizedString [0..%] = = = =
+ ibleTypes - Housi fType [0 %] «OpenEnumerations +identification : String [1]
0.: H ingComp tType 0.*
- 1 (VEC.electrical_parts)
ConnectorHousing
- Fuse
satisfies Relay
EEComponent
Terminal
+housingSpecification +pinComponent EIS%-FFE;”;I”EI
0.1 * +connections
C tort i Enecificati PinComponent fsitchedConnections | 0..*
(WEC.electrical_parts) (WEC.electrical_parts) . InternalComponentConnection
+ping : |
—+averageWireLengthAddOn : NumericalValue [0..1] +identification : String [1] p* " (VEC electrical_parts)
+voltageRange : ValueRange [0..1] +description : AbstractLocalizedString [0..%] 2. 0. +identification : String [1]
+coupleable : Boolean [0..1] +pinComp iType : PinComp tType [0..1]
+connectorPositionAssurance : Boolean [0..1] < < 0.
+outletDirection : ConnectorOutletDirection [0..1] 0 0
0.1 +conductorSpecification |0..1
15L°t «0penEnumerations GConductorSpecification
0. PinComponentType (WEC.electrical_parts)
A.bstra;ts.rot ) (VEC.electrical_parts) +crossSectionArea : Numericalvalue [0..1]
(VEC electrical_parts) Switch +massinformation : MassInformation [0..1]
Jothumber - String [0..1 Cail +material : Material [0..%]
R g [0-1] Ground +resistance : NumericalValue [0..1]
PowerSupply +structure : String [0..1]
PowerDistribution +type : String [0..1] )
Signal +numberOfStrands : NumericalValue [0..1]
Slot NotConnected +platingMaterial : Material [0..%]
: | +strandDiameter : NumericalValue [0..1]
QR ) +voltageRange : NumericalValue [0..1]
+colorinformation : Color [0..%] . I
+zealingType : SlotSealingType [0..1] EDTSDEC”'CEUUH
+permittedTerminalSupplierCompanyMames : String [0..%] -
Terminal Specification
(WEC.electrical_parts)
1cav'rty +voltageRange : ValueRange [0..1]
1.* +zealingType : TerminalSealingType [0..1]
Cavity
(WVEC.electrical_parts) sreferencedCavity
+available : Boolean [0..1] 01

+cavityMumber : String [0..1]
+hasintegratedTerminal : Boolean [0..1]

Figure35: EEComponents

An EEComponentSpecification is used to describe the technical aspects of an EE-
component. An EE-component is an electrical component to which the wiring harness
is attached to (e.g. an ECU, a sensor, a relay, an antenna, a battery, a fuse). All EE-
components have in common that they have a certain electrical interface (e.g. to which
the wiring harness is attached). To describe this interface, the
EEComponentSpecification is used.

An EEComponentSpecification can define a couple of HousingComponents. A
HousingComponent is one interface to which other components can be attached (e.g.
the wiring harness). To describe a HousingComponent satisfyingly two aspects are
necessary: its geometrical shape and its electrical behavior. In order to describe the
geometrical shape of a HousingComponent it can reference a
ConnectorHousingSpecification, so the same concept is used to describe a connector
in the wiring harness and in an EE-component. The electrical behavior of a
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HousingComponent is defined by several PinComponents. A PinComponent
references a Cavity to define its location in the geometrical shape of the
HousingComponent. To define its physical properties a PinComponent references a
TerminalSpecification. These properties are defined inherently by the material and the
type of the pin. It is a common case that some of the PinComponents (sometimes all)
of a single HousingComponent are referencing the same TerminalSpecification. The
definition of properties regarding the behavior of a PinComponent (e.g. defined by the
software deployed on an ECU) is explained in the diagram "Pinning Information &
Pinning Variance".

5.6.2 EE-Component subclasses

EEComponentSpecification
(VEC.electrical_parts)

+powerConsumption : PewerConsumptien [0..%]

« i

[

I

f

RelaySpecification
(VEC.electrical_parts)

AntennaSpecification
(WEC.electrical_parts)

L

Fi

I ifi
(VEC.electrical_parts)

(WEC.electrical_parts)

istributorSp
(VEC.electrical_parts)

+screwable - Boolean [0.1]
+boltDiameter : NumericalMalue [0..1]
+boltType : String [0..1]

+fin - HumericalValue [0 1]
+fdax - NumericalValue [0..1]
+impedance : NumericalValue [0..1]

+u - NumericalValue [0..1] +fuseType : FuseType [0_1]
+i : NumericalValue [0. 1] +iMax - NumericalValue [0..1]
+iCool : NumericaValue [0..1]

+capacity : NumericalValue [0..1] ‘|’1

+iMax - NumericalValue [0.1]

+relaisType : RelaisType [0.1]

+lowNoise : Beolean [0..1]

+applianceType : RelaisApplianceType [0..1]

J’D..1 lu A wenumerations
«OpenEnumerations «0penEnumerations FuseType ‘
RelaisApplianceType RelaisType (VEC.electrical_parts)
[VEC electrical_parts) (VEC.electrical_parts) Ppe_gga
]
soldered normally open T;ga_sF
screwed nermally closed TypaiF
plugged switch Type C
L - bistable Type_E
- . Type_A1
0 Type_AlS
HousingComponent Diode Specification Form_CB15_CatE
(VEC.electrical_parts) (VEC.electrical_parts) ST

+identification - String [1] AhresholdVoltage - NumericalValue [0.1]
+description 'Abstracth_cahzadStrmg [0.9

+ ibleTypes : HousingC iType [0..7]

+breakDownVoltage : NumericalValue [0..1]
+iMax : NumericalValue [0..1] (VEC.slectrical parts)
- - 4

0.# 0. +capacity : NumericaValue [0..1]
1 +impedance : NumericalValue [0..1]
+ulax : NumericalValue [0..1]

Capacitor Specification

+pinComponent [0..*

PinComponent
(VEC.electrical_parts)

+identification : String [1]

+description : AbstractlLocalizedString [0..%]
+pinCompanentType : PinCi Type [0..1] pEatode
0.1

+anode
0.1

Figure36: EEComponent subclasses

In order to define additional aspects of an EE-component there are some subclasses
of the EEComponentSpecification. This diagram displays these subclasses.

5.6.3 Multi Fuse

EEComponentSpecification
(WVEC.electrical_parts)

+powerConzumption : PowerCensumption [0..%]

1

+housingComponent
0.*
HousingComponent
(VEC.electrical _parts)

+identification : String [1]
+description : AbstractLocalizedString [0..%]

MultiFuseSpecification
(WEC.electrical_parts)

+fuseType : String [0..1]
+iMaxTotal : NumericalValue [0..1]

+compatibleTypes : HousingComponentType [0..%]
1
1
+pinComponent |0 * +fuseComponents
- 0.*
PinComponent FuseComponent Fuse Specification
(WVEC electrical_parts) +connectedPins (VEC.electrical_parte) +fuseSpecification (WVEC.electrical_parts)
+identification : String [1] 0.2 0.* = = Pa——— = . 0.1 |+fuseType : FuseType [0..1]
+description : AbstractlLocalizedString [0..%] +dentification : String [1] satisfies +iMax : Numericalalue [0..1]
+pinComponentType : PinComponentType [0..1]

Figure37: Multi Fuse
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A multi-fuse is a metal structure that combines several fuses with a common power
feed in a fixed layout. It is used to distribute a power supply to different fuse paths.

5.6.4 Pinning Information & Pinning Variance

PinComponent
(VEC.electrical_parts)

«0penEnumerations
PinComponentType +identification : String [1]
" N +description : Abstractl ocalizedString [0..%]
(VEC.electrical_parts) +pinComp fType : PinComp fType [0..1]
Switch
Coil
Ground 1 «OpenEnumerations
Puwers!.lpp_ly ) PinCurrentType
g?g‘::lm's“'b”“”” (VEC electrical_parts) :
NotConnected minCurrent CLIETETITERNS
- maxCurrent PinTimingType
ConfigurableElement typicalCurrent (VEC.electrical_parts)
(WVEC.core) standbyCurrent e —
= initCurrent y
«0penEnumerations blockCurrent :traertrrsgﬁ_pr;gln;e
PinType startStopCurrent blockTime
(WEC.electrical_parts) +behaviour |0..* Il";irﬂrg”g&"l'g;_”nt currentPeakDistances
resistive PinComponentBehavior deepSleepCurrent duration
|nduc1|_v_e (WEC.electrical_parts) clippingCurrent 1
capacitive 0.1
optical +identification : String [1] T
filament :i:ﬁ_'};:'}};r?ghl_lq{ly;}g'[gunﬂ1|]D'rECT'U"' [0.1] PinCurrentinformation stiming
+applianceType : PinApplianceType [0..1] +currentinformation (VEC.electrical_parts) R PrnTlmlng i
- +description : AbstractLocalizedString [0.% [ 4 0.+ |+type : PinCurrentType [1] - - (VEC.electrical_parts)
«OpenEnumerations +current : Numericalvalue [1] +type : PinTimingType [1]
PinApplianceType +time : NumericalValue [1]
(VEC.electrical_parts) - -
shortTerm 0.1 PanottageIpformatu‘)n <timing
longTerm (VEC.electrical_parts) 1 0~
+voltagelnformation |+type : PinVoltageType [1] - v
1 p.* | +voltage : NumericalValue [1]
0.* 1
| I
«0penEnumerations
ticalnf i PinVoltageType
+opticalinformation h |
+signal 0.1 0.* ij'i'Edr'Cﬂ'—pﬂﬂsf
minVoltage
Signal PinOpticalinformation max\.-fultagge
(WEC.signal) (VEC.electrical_parts) typicalVoltage
+identification : String [1] +frequency : NumericalValue [1] _st_r?\rllrdﬁy\.fultage
+signalame : String [0..1] +attenuation : NumericalValue [0..1] || P 20o0e
+clampName : String [0..1] tU|C-tStU e’gi
+gliasld : Aliasldentification [0..7] ZE UE{ ; age
+description : AbstractLocalizedString [0..%] o

+zignalinformationType : SignalinformationType [0..1]
+zignalTransmissionMediumType : SignaTransmizsionMediumType [0..1]
+signalForm : SignalForm [0..1]

+zignalCurve : SignalCurve [0..1]

+zignallype : SignalType [0..1]

+zignalSubType : SignalSubType [0..1]

+currenfType : CurrentType [0..1]

+nominalVoltage : NominalVoltage [0..1]

+dataRate : NumericalValue [0..1]

Figure38: Pinning Information & Pinning Variance

The electrical behavior of a PinComponent can be fixed for a certain EE-component
but does not have to be fixed. For example, in the case of an ECU, the behavior
depends on the deployed software.

Therefore, the electrical behavior of a PinComponent is not defined directly and fixed
in the PinComponent. In fact, a PinComponent can define PinComponentBehaviors,
which are ConfigurableElements. This means the actual valid PinComponentBehavior
for a PinComponent can be determined when the necessary variant information is
available. When no variant information is necessary (the PinComponent has a fixed
behavior) then the PinComponent just defines a single PinComponentBehavior.

The PinCurrentinformation and PinVoltagelnformation can be used to describe the
characteristic curves for different types and times of currents and voltages.
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5.7

Instances of Components

5.7.1 Instantiation of Components

Page 79 of 355

1

«ClosedEnumerations
PrimaryPartType
(VEC.core)

Antenna

Battery
BoltMountedFixing
BoltTerminal
CableDuct
CableTie
Capacitor

CorrugatedPipe
Diode
EdgeMountedFixing
EECompeonent
Ferrite

Fitting

Fixing

Fuse

Grommet
HoleMountedFixing
MuliCavityPlug
MultiCavitySeal
MultiFuse

Other
OpenWireEnd
PartStructure
PluggableTerminal
PotentialDistributor
Relay
RingTerminal
ShrinkableTube
SpliceTerminal
Stripe

Tape

+describedPart

0.*
partOrlsageRelatedSpecification

OccurrenceOrlsage

(VEC.

g
+aliasld : Aliasldentification [0..%]

1Y

+ﬂ1hrewﬂmn : LocalizedString

0.1

lizedString [0..7]

0.*

Legend
. Component Description
[E] Instance Specification

0.1

+role [0..%

Role
(VEC.instancing)

+identification : String [0..1]

0.®

0.*

+referenceblement

CavityAccessory 0.* .
CavityPlug o +alternativeOccyrrence Tl

CavitySeal - 0.*

e ; (VEC part_usage) +realzedPartUsage REREC yori stuctre) o
ConnectorHousingCap [WMWTM: PrimaryPartType [1] [« 0 Y : Boolean [0..1] | +instanciatedOccurrence

Terminal

Tube

Wire
WireEndAccessory
WireProtection

Figure39: Instantiation of Components

It is a quite common pattern for complex product descriptions, to differentiate between
types and their instances. A type is a general description that applies to all instances
of this type. In the VEC the types of components are described with PartVersions and
PartOrUsageRelatedSpecifications. They are describing the general properties of a
certain component type (e.g. a connector housing with a certain partNumber). In order
to define a more complex product with these elements, instances of the components
are necessary (e.g. the connector housing for the left front light). To create such
instances of components, the VEC provides two concepts: PartOccurrence and
PartUsage.

The two concepts are necessary to fulfil the requirement for the VEC, that equal design
elements are represented equally in the model, regardless of the level abstraction. This
means for example, that the specification of a contacting must be represented always
in the same way, regardless of the context either in an electrological specification or in
a finalised product specification. The difference is that in an electrological specification
in many cases defines only requirements for a component (e.g. the wire color, cross
section area or number of cavities). In a finalized product specification, all components
normally have assigned part numbers.

A PartOccurrence is a concrete occurrence of a certain PartVersion in a real product
(Metaphorically spoken: if the product is broken into pieces, there will be a good chance
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that one of the pieces is the PartOccurrence one is searching for). Therefore, the
PartOccurrence references directly a PartVersion.

PartUsages shall be used for the specification of the elements on a more abstract level.
This is the case either when not all technical properties required to select a correct
PartVersion are known (e.g. only the cross section area of a wire is known, but not the
color) or when not all usage properties are known that are required to create a
PartOccurrence. This is true for example for a connectivity description and for a pure
geometry description. The final occurrences come first into being when a connectivity
description and a geometry description is combined. This is even true in the case of
connectivity description where the part numbers for the wiring connections are already
defined. The reason is that the wire lengths are still undefined, because the length
information is dependent on a certain geometry. Additionally, it is possible that the
same wiring definition is instantiated within different geometries, which might result in
different PartOccurrences. For reasons of traceability, each PartOccurrence can
reference back to the PartUsage it realizes.

In order to describe technical properties for a PartUsage without requiring a concrete
PartVersion or a pseudo PartVersion the PartUsage can reference several
PartOrUsageRelatedSpecifications like the PartVersion. As described in the chapter
"part master data" the VEC allows the description of components through the
combination of different characteristics (the PartOrUsageRelatedSpecifications).
Therefore, a PartUsage can reference multiple PartOrUsageRelatedSpecification. Its
primary characteristic is defined with the PrimaryPartType.

However different characteristics of component types may require different properties
for instances of them. Therefore, a symmetrical concept to the
PartOrUsageRelatedSpecification for instances was created in the VEC: The Role.
Quite simplified: A Role is an instance of a PartOrUsageRelatedSpecification in the
context of an OccurrenceOrUsage which is an instance of an abstract or concrete part
(difference between PartUsage and PartOccurrence).

Roles, their subclasses and the sub elements of them are used whenever type specific
usage information is required (e.g. a reference to a cavity in a certain use of a
connector). Every other concept in VEC that requires references to instances uses
these elements (e.g. the contacting). Since a Role can be used without knowing if it
belongs to a PartUsage or a PartOccurrence concepts like the contacting can be
reused regardless of the level of abstract (e.g. in a system wiring without concrete part
numbers or in the product specification of wiring harness).
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5.7.2 Instances of Wires

Legend
[ Component Description
[E] Instance Specification

+wireSpecification

+wireElementReference
0.*

+wireElementSpecification +wireElementSpecification
1 1

+wireLength |0..* +wireEnd |0..*

+subWireElementSpecification

Figure40: Instances of Wires

The diagram shows the mapping between the part master data of a wire (partly
displayed on the left side) and the instance specific information (displayed on the right
side).
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5.7.3 Instances of Terminals

Legend
[ component Description
[E] Instance Specification

+wireEndAccessorySpecification

«OpenEnumerations
SealState
(VEC.instancing_electrical parts)

0.1 "|Unsealed
Sealed

+terminalSpecification

«OpenEnumerations
ion Stat

(VEC.instancing_electrical_parts)
Insulated

+terminalReceptionReferen
0.

<OpenEnumerations
SpliceType
-1 | (VEC instancing_slectrical_parts)

nlineSpiice
EndSplice

Figure41: Instances of Terminals

The diagram shows the mapping between the part master data of a terminal (partly
displayed on the left side) and the instance specific information (displayed on the right
side).

5.7.4 Instances of Connector Housings

Legend
. Component Description
B nstance Specification

+usedinserts
[

+connectorHousingCapSpecification

~cavityReference [0.*

+integratedTerminalSpecification [0..1

Figure42: Instances of Connector Housings

The diagram shows the mapping between the part master data of a connector housing
(partly displayed on the left side) and the instance specific information (displayed on
the right side).
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5.7.5 Instances of Cavity Seals and Cavity Plugs

Legend
Il Component Description
. Instance Specification

ing [0..1]

+cavitySealSpecification

+cavityPlugSpecification
1

+pluggedCavityRef [0..*
CavityReference
(WEC.instancing_electrical_parts)
+identification : String [0..1]

+cavitysccessorySpecification
1 0.* ical_parts)

Figure43: Instances of Cavity Seals and Cavity Plugs

The diagram shows the mapping between the part master data of a cavity seals and
cavity plugs (partly displayed on the left side) and the instance specific information
(displayed on the right side).

5.7.6 Instances of EE-Components

Legend
& component Description
[E Instance Specification

+EEComponentSpecification

+extensior|Siots

+extensionSlot

~housingComgadnt

ingComponent

+terminalRele ical_parts}
0.1 0.1 [0.1]

ConfigurableElement
(VEC.core)

Figure44: Instances of EEomponents

The diagram shows the mapping between the part master data of an EE-component
(partly displayed on the left side) and the instance specific information (displayed on
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the right side). Additionally, an EEComponentRole can reference one or more
ConnectorHousingRoles, AbstractSlotRoles or CavityReferences onto which it is
mounted.

5.7.7 Instances of Wire Protections

Legend
B component Description

[E Instance Specification

+wireProtectionSpecification

Figure45: Instances of Wire Protections

The diagram shows the mapping between the part master data of a wire protection
(partly displayed on the left side) and the instance specific information (displayed on
the right side).

5.7.8 Instances of Fixings, Cable Ducts, Cable Ties and Similar

Legend
B component Description
& Instance Specification

ing [0..1]

+fingSpecification

+cableDuctSpecification

1 0.7 =]

+cableTieSpecification

1 0. ical_parts)
+ferrteSpecification
1 ical_parts)

Figure46: Instances of Fixings, Cable Ducts, Cable Ties and Similar

The diagram shows the mapping between the part master data of fixings and cable
ducts (partly displayed on the left side) and the instance specific information (displayed
on the right side).
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5.7.9 Instances of Grommets

Legend
[ component Description
[E] instance Specification

+grommetSpecification

+cableLeadThrough |0.* +cableLeadThroughReference |0.*

+uzedSeals |0..*

+cavitySealSpecification
1 0.

+ugedPlugs [0.F

+cavityPlugSpecification _parts)
1 0.t

Figure47: Instances of Grommets

5.7.10Instances of undefined Components

Legend
[ Component Description

[E] Instance Specification

+zpecification

1

Figure48: Instances of undefined Components

In some cases, it is necessary to specify and to use a component which is not defined
in detail by the VEC. The recommended approach in such a case is to use a
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PartOrUsageRelatedSpecification with CustomProperties to specify such a
component. When this component must be instanced, a SpecificRole shall be used.

5.7.11 Instances of Placeable Components

Legend
. Component Description
[E] instance Specification

+placeableElementSpecification
1 0.*

+placementPaint | 0..* +placementPointReference |0..*

+placementPoint ]

1 0.*  String [1]

+measurementPointReference (0. *

=)
‘W

+measurementPaint

+meazurementPoint
1

)
1

Figure49: Instances of Placeable Components

The diagram shows the mapping between the part master data of a PlaceableElement
(partly displayed on the left side) and the corresponding instance specific information
(displayed on the right side).
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5.7.12 Installation Instructions

OccurrenceOrlsage
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+description : Abstractl ocalizedString [0..%]

0.1

+installationinstruction |0..*

Instruction
(WEC.instructions)

] |

DocumentVersion

F";jﬂ‘::"?dlt"s:tr.“m\on DocumentBasedinstruction |—[&ierencedlocumen (VEC.core)
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— (VEC.instructions) - T [“documentiumber - String [1]

+filehame : 51!'"19 M +documeniType : DocumentType [0..1]
+lastilodified : Date [0..1] 0.* +documentVersion : String [1]
+dataFormat : String [0..1] +digitalRepresentationindex : String [0..1]
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+dataFormat : String [0..1]
+fileName : String [0..1]
+location : String [0..1]

TextBasedinstruction +number0fSheets : String [0..1]
(WEC.instructions)
+installationinstruction : LocalizedString [1..%] 1

#

W

heetOrChapter |0..%

SheetOrChapter
(VEC.core)

+identification : String [1]

+sheetMumber : String [0..1]

+zheetWerzion : String [0..1]

+description : Abstractl ocalizedString [0..%]
+zheetFormat : String [0..1]

+referencedSheetOrChapter
0.1

Figure50: Installation Instructions

Basis for the definition of installation instructions is the abstract class Instruction which
allows instructions to be specified as TextBasedInstructions, FileBasedInstructions or
DocumentBasedInstructions.

Note: This diagram only shows the Instruction concept in the context of
OccurrenceOrUsage. However, the Instruction concept is used in the context of
PartVersions and several elements of a ConnectionSpecification as well.

Each OccurrenceOrUsage can define various TextBasedlInstructions in order to
exchange (normally) human readable installation instruction information.

Note: Unlike the KBL a TextBasedInstruction does not contain a type attribute. This is
because a TextBasedInstruction is explicitly not wanted to be used as an extension
mechanism. The declared extension concept of the VEC is the CustomProperty
concept.

In addition, each OccurrenceOrUsage can define various FileBasedInstructions. This
may be useful to reference for example files that contain graphical information e.g. in
form of SVG.

In addition, each OccurrenceOrUsage can define various DocumentBasedInstructions.
This allows to reference a DocumentVersion or alternatively a certain SheetOrChapter
in a DocumentVersion that contains the instruction.
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5.8 Composite Part Descriptions

The KBL defined a fixed hierarchy for composite parts, where different concepts
covered specific aspects. These concepts were all represented in the model
individually: Harness, Module, HarnessConfiguration, Assembly. From a structural
point of view, all of them where quite the same, a composition of components (parts),
the only real difference is the handling in process. However, the point of view might
change the handling in the process.

For example, a module is assembled of components like connector housings, wires
and terminals or pre-assembled parts (assembly) that are again assembled of
connector housings, wires and terminals. From an abstract point of view a part
regarded as a module by one process partner could be regarded as an assembly by
another process partner and vice versa.

The VEC harmonizes these different concepts into one general concept for all these
aspects. The following sections are describing this concept.

5.8.1 Multi-level Part Structure

E: P3

Figure51: Multi-level PartStructure

The basic idea is the same as for Multi-level bill of materials (BOM), where a product
is defined in a parent-child, top-down method. It lists all raw materials, semi-finished
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goods and sub-assemblies that are required to build the product in a hierarchical way.
A component in such bill of material can consist of child components, which in-turn can
have their own child components, and so on.

However, a regular bill of material just defines quantities of parts required (e.g. 4x P1,
1x P2, ...). Since the VEC not only describes the quantities of materials required to
build a product, but also the way how the materials should interact (e.g. a specific
terminal on a wire end in a defined cavity), the VEC requires an extended approach.

The diagram above illustrates an example for this and will be explained from bottom to
top. P1 and P2 are basic components (parts with a part number). P1 could be a wire,
P2 a terminal. To define some sort of composite component, the occurrences A, B and
C are necessary (VEC class OccurrenceOrUsage). Those are required to specify the
details of the composition with relationships among the occurrences and usage specific
properties (e.g. wire length and contacting relationships). A composite component P3
is defined as consisting of occurrences A, B, and C.

The composite component P3 is used together with P4 to build P5. Again, occurrences
are required. However, a single occurrence E for the composite part P3 is not sufficient,
to specify the detailed composition of P5. Individual occurrences A', B' and C' of the
sub-components of E are required for this. For example, to correctly specify the usage
of a pre-assembled cable in a harness (a wire with connectors already attached to it),
references to the sub-components are necessary (e.g. routing of the wire, position of
connectors).

The PartStructureSpecification is used to define composite components based on
occurrences (e.g. P3), the PartWithSubComponentsRole is used for the instancing of
such composite parts (e.g. E: P3). For details see the next diagram.
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5.8.2 Assemblies, Modules and Harness (Configurations)

PartStructure Specification o Wi Role
(VEC.part_structure) +partStructureSpecification i |t|;$:§i;::§:;nts e I (VEC.instancing)
: )
+content : String [0..1] 1 0.* +identification - String [0..1]

0.* 0.* +role’|0..*
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OccurrenceOrlsage
0.* (WEC.instancing) 0.1
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0.* |+alia=ld : Aliasldentification [0..%]
+abbreviation : LocalizedString [0..%]
+description : AbstractlocalizedString [0..7]
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_|,
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o PartOccurrence +instanciatedOccurrence

o PartUsage (WEC.part_structure) 0

) ] [(VEC.part_usage) +realizedPartUsage  |+isSecondaryAlternative : Boolean [0..1]
+instanciatedUsage +primaryPartUsageType : PrimaryPartType [1] 0. o.* +alternativeOccurrence
+partUsage |0..* 0.7

+compenent |0..* 0.:
1 1
PartUsage Specification Composition Specification
(VEC.part_usage) (WEC.part_structure)

Figure52: Assemblies, Modules and Harness (Configurations)

The VEC composite part concept has four key classes: the PartStructureSpecification,
the PartWithSubComponentsRole, the CompositionSpecification and the
PartUsageSpecification.

As mentioned in the example before, the PartStructureSpecification is used to define
the bill of material for a composite part based on occurrences. Specific occurrences
are used in favour of just referencing parts, to define not only quantities of material, but
also the details of the composition. The PartWithSubComponentsRole is the
corresponding instance of such a composite part.

Composite parts consist of OccurrenceOrUsages, so they can contain
PartOccurrences (instances of a specific PartVersion) as well as PartUsages
(instances of components where a specific PartVersion is not yet known). From a pure
bill of material point of view this seems counter intuitive, since all materials in a bill of
material should be well defined. However, there are scenarios where this is necessary.
For instance, if a pre-assembled part (e.g. a cable) shall be used in a certain context,
it is necessary, as mentioned before, to be able to reference the subcomponents. But
if the subcomponents are not known in detail (no specific part number)
PartOccurrences could not be used. Therefore, it is necessary to allow PartUsages in
a composite part.

The OccurrenceOrUsages used for a composite part are just referenced and not
owned (contained) by the PartStructureSpecification and
PartWithSubComponentsRole. As a result, they can be shared among them. This is
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especially useful in scenarios where a 150% product specification is done. Different
variants of the product can reuse the same OccurrenceOrUsages without the need to
copy them. The available OccurrenceOrUsages are defined by a
CompositionSpecification (in case of PartOccurrences) or by a PartUsageSpecification
(in case of PartUsages).

Note: A PartVersion without a separate PartStructureSpecification shall be regarded
as one atomic part out of a bill of material perspective even if it is referenced by a
DocumentVersion containing a CompositionSpecificiation with several occurrences.
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5.8.3 Instantiation Approaches

Library Approach

"Inplace" Approach

Figure53: Instantiation Approaches

is instantiated, an OccurrenceOrUsage with a

When a composite part
references the instantiated

PartWithSubComponentsRole is created and
OccurenceOrUsages that belong to the composite part instance. The instantiated
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occurrences are owned by a PartUsageSpecification / CompositionSpecification that
is related to the context where the composite part is instantiated.

There are two approaches of how the definition and instantiation of composite parts is
achieved: the library approach and the "in place" definition.

In the library approach, a composite part (e.g. a predefined USB cable) is defined in
the component library and later used in different products. In this case, the part master
definition of the composite part contains the OccurrenceOrUsages ("A: P1", "B: P2",
"C: P2") that are required by the composite part and those are referenced by the
PartStructureSpecification (P3). When the composite part is used (instantiated), the
OccurrenceOrUsages from the part master definition are instantiated (copied) into the
using context ("A: P1", "B P2", "C" P2"). Those are then referenced by the
PartWithSubComponentsRole (E: P3) and additional information can be attached to
them. For traceability reasons, the OccurrenceOrUsages shall reference their origin in
the part master definition via the instantiatedUsage/instantiatedOccurrence
association.

The "in place" definition is used for example for modules of a 150% harness. In this
case, the composite part is not defined in a library, but in its only and single usage. In
other words, the part master definition coincides with an instantiation of part. Therefore,
the PartStructureSpecification (P3) and the PartWithSubComponentsRole (E: P3)
reference the same set of OccurrenceOrUsages ("A: P1", "B: P2", "C: P2"). In this case
both relationships of the PartWithSubComponentsRole and a
PartStructureSpecification to the OccurrenceOrUsage (inBillOfMaterial &
subComponents) shall be maintained consistently.
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5.8.4 Harness and Variants
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Figure54: Harness and Variants

In addition to the CompositionSpecification and the PartStructureSpecification, the
VEC defines two other concepts to control occurrences, especially composite parts
(e.g. modules): ModuleFamily and ModuleList.

PartWithSubComponentsRoles referenced by a ModuleFamily respectively the
OccurrenceOrUsage these PartWithSubComponentsRoles belong to are mutually
exclusive.

A ModuleList specifies a set of PartWithSubComponentsRoles. The definition requires
that if one or more of this PartWithSubComponentsRoles respectively the
OccurrenceOrUsage these PartWithSubComponentsRoles belong to are part of an
assembly the referenced completionComponents have to be added.

5.9 Topology and Geometry

This section covers the general definition of a topology, the definition geometric views
of that topology, placement of OccurrenceOrUsages on a topology and other geometric
aspects like dimensioning.
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All geometric coordinate systems used in the VEC are right-handed (Right-hand rule).
This also means, the direction of the z-Axis is in the direction of the cross product (X-
AXxis x Y-AXis).

5.9.1 Topology- and Topology Group Specification
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+t0pu|ugy5pecificatiun10..* l
TopologySpecification
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1 1
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0.1
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Figure55: Topology and Topology Grouspecification

A TopologySpecification is a container for various TopologyNodes, TopologySegments
and Zones. A TopologyNode represents an abstract place (meaning without concrete
coordinates) in the wiring harness that can be typed either as EndNode, JunctionPoint
or Inliner.

A TopologySegment represents a section of a wiring harness where no intermediate
electrical contacts appear. In consequence, at the beginning and at the end of a
TopologySegment the same wires go in and out. The beginning and the end are each
defined by a dedicated reference to a TopologyNode. A TopologySegment can specify
various SegmentCrossSectionAreas. These SegmentCrossSectionAreas are not
supposed to express configuration-dependant values but different views (Calculated,
Measured or Estimated) on the same type-dependant value whereupon the default-
type is fireserved desi gnSegmeatleregth. The same ap

In contrast to GEO 1.0 the VEC recognises an explicit grouping mechanism for
topology. For this the VEC has introduced the class TopologyGroupSpecification which
primary act s TaopologySpeificationnbeihgdoa container for various
TopologyNodes, TopologySegments . However, a TopologyGroupSpecification can
additionally reference the TopologySpecifications that it groups.

In some cases, a topology can be an instance of another topology. If a more complex
assembly or small harness (e.g. like a door) is defined in some place (e.g. in a
component library) and then reused elsewhere it might be necessary to instantiate the
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topology in the target. To keep traceability in these cases, the TopologySegment and
the TopologyNode have an instantiated... association to their source element.

5.9.2 Topology Zones
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TopologyZone Specification
(VEC topology)

Figure56: Topology Zones

A TopologyZoneSpecification is a container to define TopologyZones. A TopologyZone
is a way to define areas on that share a set of properties (e.g. environmental influence).

To define the TopologyZone unambiguously an assignment of the topology elements
to their zones is necessary. TopologyNodes are only connecting points for
TopologySegments or for the placement of components and do not have any own
extent in space. Therefore, ZoneAssignments are only possible for
TopologySegments.

For more details, see the description of the relevant classes.
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5.9.3 Hierarchical Topologies
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Figure57: Hierarchical Topologies

Hierarchical topologies are a versatile concept to create harness topologies that have
an advanced structural design. For historical reasons, the semantics defined by the
VEC for topologies are quite strict and simple, yet sufficient for most cases of traditional
wiring harnesses. However, with the advent of modern wiring harness requirements,
more advanced concepts are needed for certain applications.

In a regular topology, all wires are routed equally "inside" through a TopologySegment.
All wires end at a TopologyNode, there are no connectors or splices positioned within
a TopologySegment. All protections, fixings, tapings etc. are placed "around" the wires
in a definable order.

With the integration of new technologies (e.g. high voltage, high data rate bus systems)
and the improvements of design processes (e.g. integrated 3D design process with
traceability and round-trip capabilities) more complex designs must be expressed in a
concise, digital evaluable way. Examples for such use cases are:

1 Structured harness bundles (e.g. specific wires in a bundle taped together).

1 Segments of splices folded into a main bundle in a specific way.
1 Reuse of shared parts (e.g. assemblies, right / left back door)
1

Refinement of a topology in the design process (e.g. splice positioning after the
"geometry design".
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To address these requirements, the VEC introduced the concept of hierarchical
topologies. In the top left corner of the diagram a simplified illustration shall serve as
small example to make the concept more understandable.

A TopologyMappingSpecification is used to associate an "inner" topology with an outer
topology. In the illustration the "outer" topology is displayed with grey segments and
orange nodes. The two "inner" topologies are displayed with blue & green segments
and red nodes.

A NodeMapping is used to define how the nodes of the inner topology relate to the
outer topology. An inner node can be either placed exactly on / in an outer node or
somewhere within a segment. For the definition of the position of the inner node, the
concept of locations is reused.

A SegmentMapping is used to define how the segments of the inner topology relate to
the outer topology. An inner segment can run through multiple segments or to stay in
a single one. In any case, all outer TopologySegments to which it relates are
referenced by a Path.

Some additional restrictions apply on the mapping:

1 The representation of the inner / outer relationship with a
TopologyMappingSpecification allows the creation of n:m relationships between
topologies. However, it is forbidden to create "circular® mappings. If nim
mappings are created, it must be ensured that those mappings shall not exist at
same time, or in other words they must be the result of product variance or reuse
in different variants.

1 "Cross Topology assignment of Components” is forbidden. That means wires
are routed strictly in the elements of a single TopologySpecification and other
components are placed strictly on a single TopologySpecification.

1 If a TopologySpecification is mapped as an inner topology, all its elements shall
be mapped.

1 A creating system is responsible that the constraints of the topologies are
maintained (e.g. that length constraints between inner and outer topologies are
satisfied.

Note: This concept was introduced newly with VEC Version 1.2.0. As there are
currently no known systems that implement such a concept further detailing of its
usage will be done in the Implementation Guidelines accompanying implementations
as they occur.
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5.9.4 Bending Restrictions
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Figure58: Bending Restrictions

A bending restriction defines restrictions on the bendability of a path in the topology.
See TopologyBendingRestriction for a detailed description.
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5.9.5 2D-Geometry

Figure59: 2D-Geometry

A HarnessDrawingSpecification2D represents a specific harness drawing. Each
HarnessDrawingSpecification2D is a container for various instances of the class
BuildingBlockPositioning2D. Each BuildingBlockPositioning2D determines the
positioning of a certain BuildingBlockSpecification2D in the context of the
HarnessDrawingSpecification2D by referencing the relevant
BuildingBlockSpecification2D and specifying the target centerPoint as
CartesianPoint2D.

A BuildingBlockSpecification2D represents a specific subset of one or more harness
drawings. Each BulidingBlockSpecification2D specifies its own CartesianDimension.
Furthermore, each BulidingBlockSpecification2D is a container for various instances
of the classes GeometryNode2D, GeometrySegment2D, ContactPoint2D and
OccurrenceOrUsageViewltem2D.

PSI 21 / VDA 4968 Vehicle Electric Container (VEC) / V 1.2 / June 2020



































































































































































































































https://en.wikipedia.org/wiki/Failure_rate#Units






















































































































































https://en.wikipedia.org/wiki/Non-uniform_rational_B-spline






























































































































































































































http://www.mdsystem.com/












































































































































































