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ABOUT THIS DOCUMENT & MOTIVATION

Catena-Xis the first open and collaborative data ecosystem. The goal is to provide an environment for the creation, operation,
and joint use of end-to-end data chains along the entire automotive value chain. All partners are on an equal ground, have
sovereign control over their data and no lock-in effects occur. This situation provides a sustainable solution for the digitalization
of supply chains, especially for medium-sized and small companies, and supports the cooperation and collaboration of market
participants and competitors.

The ever-growing Catena-X ecosystem will enable enormous amounts of data to be integrated and collaboratively harnessed.
To ensure that these complex data volumes can be sent, received, and processed smoothly across all stages of the value chain,
one language for all players: common standards. The standards of the Catena-X data ecosystem define how the exchange of
data and information in our network works. They are the basis for ensuring that the technologies, components, and processes
used are developed and operated according to uniform rules.



Common standards create added value for all partners: Within our network, data flows more smoothly through interfaces. In
addition, we avoid cumbersome individual IT solutions for sharing data with other partners. In the field of international
standardization, Catena-X follows the proven international standardization institutions: ISO/IEC/ITU and CEN-CENELC/ETSI.

For users and data providers, implementation of standards will reduce the costs that would arise from adapting different
systems. In addition, no important data is lost. On the contrary, it even becomes easier to collect data across companies. For
operators and developers, standards will create a framework that provides reliable orientation and planning security.

The following document describes one of the standards used in the Catena-X ecosystem and the requirements needed to
implement it. Here, it serves as main resource to illustrate the following data model. It contains information starting from the
format of the model, up to the conceptual and physical model. The standardisation of the data model will enable faster
information sharing and homogeneity throughout the entire Catena-X ecosystem.

DISCLAIMER & LIABILITY
The present document and its contents are provided “AS-IS” with no warranties whatsoever.

The information contained in this document is believed to be accurate and complete as of the date of publication, but may
contain errors, mistakes or omissions.

The Catena-X Automotive Network e.V. (“Catena-X") makes no express or implied warranty with respect to the present
document and its contents, including any warranty of title, ownership, merchantability, or fitness for a particular purpose or use.
In particular, Catena-X does not make any representation or warranty, and does not assume any liability, that the contents of the
document or their use (i) are technically accurate or sufficient, (i) conform to any law, regulation and/or regulatory requirement,
or (i) do not infringe third-party intellectual property or other rights.

No investigation regarding the essentiality of any patents or other intellectual property rights has been carried out by Catena-X
or its members, and Catena-X does not make any representation or warranty, and does not assume any liability, as to the non-
infringement of any intellectual property rights which are, or may be, or may become, essential to the use of the present
document or its contents.

Catena-X and its members are subject to the IP Regulations of the Association Catena-X Automotive Network e.V. which govern
the handling of intellectual property rights in relation to the creation, exploitation and publication of technical documentation,
specifications, and standards by Catena-X.

Neither Catena-X nor any of its members will be liable for any errors or omissions in this document, or for any damages resulting
from use of the document or its contents, or reliance on its accuracy or completeness. In no event shall Catena-X or any of its
members be held liable for any indirect, incidental or consequential damages, including loss of profits. Any liability of Catena-X
or any of its members, including liability for any intellectual property rights or for non-compliance with laws or regulations,
relating to the use of the document or its contents, is expressly disclaimed.

REVISIONS & UPDATE

The present document may be subject to revision or change of status. Catena-X reserves the right to adopt any changes or
updates to the present document as it deems necessary or appropriate.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or print
versions of the present document shall not be copied or modified without the prior written authorization of Catena-X. In case of
any existing or perceived difference in contents between any versions and/or in print, the prevailing version of the present
document is the one made publicly available by Catena-X in PDF format.


https://catena-x.net/fileadmin/user_upload/Vereinsdokumente/Catena-X_IP_Regelwerk_IP_Regulations.pdf

If you find any errors in the present document, please send your comments to: standardisierung@catena-x.net

COPYRIGHT & TRADEMARKS

Any and all rights to the present document or parts of it, including but not limited under copyright law, are owned by Catena-X
and its licensors.

The contents of this document shall not be copied, modified, distributed, displayed, made publicly available or otherwise be
publicly communicated, in whole or in part, for any purposes, without the prior authorization by Catena-X, and nothing herein
confers any right or license to do so.

The present document may include trademarks or trade names which are registered by their owners. Catena-X claims no
ownership of these except for any which are indicated as being the property of Catena-X, and conveys no right to use or
reproduce any such trademark or trade name contained herein. Mention of any third-party trademarks in the present document
does not constitute an endorsement by Catena-X of products, services or organizations associated with those trademarks.

“CATENA-X"is a trademark owned by Catena-X registered for its benefit and the benefit of its members. Using or reproducing
this trademark or the trade name of Catena-X is expressly prohibited. No express or implied license to any intellectual property
rights in the present document or parts thereof, or relating to the use of its contents, or mentioned in the present document is
granted herein. The copyright and the foregoing restrictions extend to reproduction in all media. © Catena-X Automotive
Network e.V. All rights reserved.

ABSTRACT

The data model “ClassifiedLoadSpectrum” represents the load data of a vehicle component.

The load spectrum is a data set that represents the aggregated loading of a component.

Any kind of loading is covered: loading can be force or torque or revolutions or temperature or event or similar. The load data is
classified and counted with specific counting methods.

This standard defines the format for the counted load data, so that the exchange of load data between different partnersis
possible.

1. INTRODUCTION

This document describes one semantic model used in the Catena-X network.

1.1 AUDIENCE & SCOPE

This section is non-normative
The standard is relevant for the following roles:

Data Provider / Consumer
Business Application Provider
Enablement Service Provider

The data model “ClassifiedLoadSpectrum” represents the load data of a vehicle component. Loading can be force or torque or
revolutions or temperature or event or similar. The load data is counted, all usual counting methods are included like Time-At-
Level, Rainflow, Load-Revolution-Counting, Range-Pair, etc. The classification is comprised in the header-section while the data
are stored in the body-section. In case of rainflow counted spectra, a residuum is optional. Additional a metadata section
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comprises information about the component, source, vehicle and vehicle status. The target Component ID identifies the CX D
of component or assembly for which the loading is provided.

Only classified load data is covered by the standard, time-history series are not included.

1.2 CONTEXT
This section is non-normative

The ,ClassifiedLoadSpectrum® contains load data, metadata to interpret this load data and the CX ID of the assembly or
component these load data are valid for.

Load spectra counts the loading of a component in classes. Loading can be a change of a state like gearshift, a temperature
distribution or the torque acting at a shaft or anything else. In a load spectrum, these loads are classified. The torque acting at a
shaft, for example, has an upper and a lower limit: this interval is divided in a number smaller intervals, the classes and torque is
sorted is this classes. The counting may be the time the shaft is subjected to the torque or the number of changes of torque
classes.

In the standard, arbitrary number of load channels are possible, but only one counting. For each load channel a vector with the
acting load classes must be provided. The first entry in the counts vector is the counting of the combination of loads given in
the first entries of the load channel vectors. Only load combinations which occur are stored. So the number of data is minimized.

All kinds of load data and events can be covered with the standard. The counting might be time or any kind of numbering like
number of events or revolutions.

The metadata block is used to identify the right component in order to interpret the load spectrum. A component is designed for
a specific application with a specific loading. To estimate the damage respectively the health of a component, a lifetime model
is combined with the load data. The lifetime model is in general property of the component producer. Load data might be
measured, simulated or logged during component usage.

The standard covers all classified load spectra, independent of the origin. The origin is stored in the standard.

1.3 CONFORMANCE

As well as sections marked as non-normative, all authoring guidelines, diagrams, examples, and notes in this specification are
non-normative. Everything else in this specification is normative.

The key words MAY, MUST, MUST NOT, OPTIONAL, RECOMMENDED, REQUIRED, SHOULD and SHOULD NOT in this document
document are to be interpreted as described in BCP 14 [RFC2119] [RFC8174] when, and only when, they appear in all capitals, as
shown here.

1.4 PROOF OF CONFORMITY
This section is non-normative

All participants and their solutions MUST prove they conform with the Catena-X standards. To validate that the standards are
applied correctly, Catena-X employs Conformity Assessment Bodies (CABs).

The proof of conformity for a single semantic model is done according to the general rules for proving the conformity of data
provided to a semantic model or the ability to consume the corresponding data.

1.5 EXAMPLES

"targetComponentID": "urn:uuid:1d161134-8bd4-4253-8735-304852d1d17b",



"metadata": {

"projectDescription": "projectnumber Stadt",
"componentDescription": "GearOil",
"routeDescription": "logged",
"status": {

"date": "2022-08-11T10:42:14.213+01:00",

"operatingHours": 3213.9,
"mileage": 65432

}I

"header": {
"countingMethod": "TimeAtLevel",
"channels": [
{
"channelName": "TC_sSU",
"unit": "unit:degreeCelsius",

"lowerLimit": 0.0,
"upperLimit": 640.0,
"numberOfBins": 128
}

Iy

"countingValue": "Time",
"countingUnit": "unit:secondUnitOfTime"
by
"body": {
"classes": [
{
"className": "TC SU-class",

"classList": [
14,
15,
16,
17,
18,
19,
20,
21,
22

Iy
"counts": {
"countsName": "Time",
"countsList": [
34968.93,
73972.51,
401315.15,
4675505.56,
2526898.35,
864975.95,
938365.35,



1918920.77,
135387.54

1.6 TERMINOLOGY
This section is non-normative
Aspect Model : a formal, machine-readable semantic description (expressed with RDF/turtle) of data accessible from an Aspect.

: Note 1to entry: An Aspect Model must adhere to the Semantic Aspect Meta Model (SAMM), i.e., it utilizes elements and
relations defined in the Semantic Aspect Meta Model and is compliant to the validity rules defined by the Semantic Aspect Meta
Model.

:Note 2 to entry: Aspect model are logical data models which can be used to detail a conceptual model in order to describe the
semantics of runtime data related to a concept. Further, elements of an Aspect model can/should refer to terms of a
standardized Business Glossary (if existing).

[Source: Catena-X, CX-0002, note 3 removed]
“Classified Load Spectrum” Aspect model

“targetComponentID™ CX -ID of the assembly or component for which the load spectrum is valid for. It is necessary to
identify the specific component.

‘metadata’/"Metadata™ property/entity; Information on component, vehicle, load data origin and vehicle status
‘componentDescription™ property; identifier, might be used to find the right lifetime model
“projectDescription™ property; identifier, might be used for information on specific vehicle

‘routeDescription™ property; identifier, might be used for information on specific application
“status”/”StatusEntity™ property/entity; actual vehicle status

“date™ property; actual date at which the load spectrum is provided

“mileage” property; mileage which the load spectrum covers, the unit is [km]

“‘operatingHours™ property; number of operating hours which the load spectrum covers
‘header”/”HeaderEntity™ property/entity; classification information

‘countingMethod” property; enumeration describing the kind of counting: “Rainflow”, “LRD", “EventCount’,
“TimeAtLevel’, “RangeCount’, “PeakCount’, “MaximumCount”.

“‘countingValue™ property; optional, for example “Time’, if time is counted.

“countingUnit” : property; dependent on counting value “unit: s” for time
“channels”/”LoadChannelEntity” property/entity; list of load channels. Each list entry contains
‘channelName™ property; identifier of channel

“unit™ property; unit of the load, for example “unit: degreeCelsius” or “unit: Nm”

“lowerLimit” property; lower limit of the load value



“upperLimit™ property; upper limit of the load value

“numerOfBins™ property; number of load classes

“binLimits™ property; optional, if a non-equidistant divisio

“body”/"BodySets”™ property/entity; lists of load dat

“classes’/"ClassListEntity™ property/entity; list of load channels, each entry in the list contains

“className” : here the channel is characterized by channel name. The name ics extended by “-class”. For a rainflow
counting, a load channel has two class lists, the channel name must be extended with “_from-class” and “_to-class”

“classList™ list of the load data

‘counts”/”CountsEntity™ property/entity; counts name and list

“‘countsName”™ Name of counting, for example “NumberOfRevolutions” or just “Counts”
‘countsList™ property; list of the counting according to the classes in same position in “classList”

“residuum”/"ResiduumEntity™ property/entity; for rainflow counted load spectra, a residuum stores the unclosed
hysteresis loops.

“residuumClassName™ property; the name is according to the load channel name

“‘residuumClassList™ property; the list of turning point classes belonging to unclosed hysteresis loops

Additional terminology used in this standard can be looked up in the glossary on the association homepage.

2 ASPECT MODEL “CLASSIFIED LOAD SPECTRUM”

This section is normative

21 INTRODUCTION

ClassifiedLoadSpectrum is a standard to describe counted load data for specified component. Load spectra are used to
estimate the lifetime. The standard is needed to exchange load data.

2.2 SPECIFICATION ARTIFACTS

The modeling of the semantic model specified in this document was done in accordance to the "semantic driven workfiow" to
create a submodel template specification SMT.

This aspect model is written in SAMM 2.0.0 as a modeling language conformant to CX-0003 as input for the semantic deriven
workfiow.

Like all Catena-X data models, this model is available in a machine-readable format on GitHub conformant to CX-0003.

2.3 LICENSE

This Catena-X data model is made available under the terms of the Creative Commons Attribution 4.0 International (CC-BY-4.0)
license, which is available at Creative Commons.

2.4 IDENTIFER OF SEMANTIC MODEL



The semantic model has the unique identifier:

urn:bamm:io.catenax.classified load_spectrum:1.0.0

This identifier MUST be used by the data provider to define the semantics of the data being transferred.

2.5 FORMATS OF SEMANTIC MODEL

2.5.1RDF Turtle

The rdf turtle file, an instance of the Semantic Aspect Meta Model, is the master for generating additional file formats and
serializations. The file can be found here:

https://github.com/eclipse-tractusx/sldt-semantic-

models/blob/main/io.catenax.classified load spectrum/1.0.0/ClassifiedLoadSpectrum.ttl

The open source command line tool of the Eclipse Semantic Modeling Framework is used for generation of other file formats like
for example a JSON Schema, aasx for Asset Administration Shell Submodel Template or a HTML documentation.

2.5.2 JSON Schema

A JSON Schema can be generated from the RDF Turtle file. The JSON Schema defines the Value-Only payload of the Asset
Administration Shell for the APl operation "GetSubmodel”.

2.5.3 aasx

An AASX file can be generated from the RDF Turtle file. The AASX file defines one of the requested artifacts for a Submodel
Template Specification conformant to [SMT].

Note: As soon as the specification V3.0 of the Asset Administration Shell specfication is available an update will be provided.

2.6 SEMANTIC MODEL

The data model is described in SAMM. A html documentation can be generated from the rdf turtle file

3 REFERENCES

3.1NORMATIVE REFERENCES
This section is normative
CX-0018 Eclipse Data Space Connector (EDC)
3.2 NON-NORMATIVE REFERENCES
This section is non-normative

CX-0003 SAMM Aspect Meta Model
CX-0004 Governance Process for Semantic Models

3.3 REFERENCE IMPLEMENTATIONS

This section is non-normative
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