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Introduction and Motivation

e Ni-based superalloys
» High technical relevance
» Optimization potential

e Possible usages of a reference dataset:
> Re-use of data to generate new knowledge (e.g.,
as baseline for alloy design and optimization)
> Reproduce experiments, e.g., to calibrate creep
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Overview of the Proposed Framework Mab&-’ﬂl

Data Generation and Provision Data ldentification and Usage

Data Generation Dataset Data Shaping, Data Search and Data Retrieval Data Usage
and Handling and Sharing, and Discovery
Documentation Storage Publishing
Data Schema Ontology
» Definition for » Data schema

» Data provision and downstream
usage possibilities
e Data discovery and usage - FAIR
digital object
e Semantic structuring, ontology
development

e Research data of
exceptionally high
quality
FAIR

e Functional
(Documentation) and

[Hickel et al., usable (Digital

10.5281/zen0do0.11667673] .

Representation)




Data Schema

Test order |

' Test parameters ]

Related research outcome|

e List of possible and use-case-related o
anufacturing
minimum requirements Heat treatment |
] History&cond!tion Chemical composition ]
Deflned VOCBbUlary of the material Microstructure I
e RDM Tool to enhance
documentation practices
Template for other methods
[Avila C. et al., e Basis for shaping, sharing, and

Tested
material

Blank l Non-Destructive Testing I

Results from other mech.
tests

Testing machine ]

Data acquisition \

Testing force H Data acquisition ]

10.5281/zeno0do.11668375] . Measuring Room conditions -
St r u Ct u rl n g t h e d ata e:::idp:::'ut Temperature-Measuring]

system —
v Data acquisition

DIN EN ISO 204 -
Measuring
¥ .
| Opticns| Extensometer system instrument
ENTRY = [symBoL = [uniT| - [DATA TYPE - | . | | = [Requirement -
ICS 77.040.10 Ersatz fii iciti
Date of teststart Date DIN EN I Mandatory Data vaUISItlon
Data of test end Date ¥ - — ———
TestID Alphanumeric Mandatary *: *object",
Project Alphanumeri: Optional b “:;“ i;ginndard_l
Test order ic Optionzl 58 *specifiedTenperature®,
‘Was the test performed according to a test standard? Drop-down list Mandatory “initialStress",
Test standard Alphanumeric Mandatary L “tastType®, .
Specified temperature T C Numeric M llische Werk £ Mandatory e 1 end0fExperinent
) : etallische Werkstotte - iy :
Type of loading Drop-down list Mandatary 7 ope
Load control type Drop-down list Einachsiger Zeitstandversuch unter Zugbeanspruchung - |  [msndatory - SR
Initial stress R MPa  Numeric . Mandator
: Priifverfahren (1SO 204:2023); i b cifindTemerature®; {
Test type Drop-down list Mandatory | ot " Jieated :
escription®: =Sy nd as T*
Deutsche Fassung EN IS0 204:2023 reis description: “Synbol usually indicated as T,
) b,
) : . . . "initialStress®: {
End of test critarium . . Drap-down list Metallic materials — Mandatary 2 Jescriplion®: "Sysbul ususlly indicated as $R_{s}§",
End of test criterium - value [if not test piece break) Mumeric iaxial A R R Mandatory " Srefe: *n/§defs/Complexvalue®
Test force N Numeric Uniaxial creep testing in tension - Optional 0 1,
Prelosd [Part of the test force] KN Numeric Method of test (ISO 204:2023); Mandatary » TSI g
Other aﬂﬂltmnal‘lnfnrmatmn [e.g. if constant stress) Text German version EN ISO 204:2023 Dptionzl y b I SEEE
Relzted article(s) available? Drop-down list Optional 3 end0f !
DOl Article 1 Alphanumeric/ Link htrps://doiore/10.1080/03603405.2016.1186414 Optional *, } ‘ string
Shart description of content article 1 Text Creep data as published Optional . “testFarces {
DOl Article 2 Alphanumeric / Link https://doi.ore/10.1002/3dem. 201400136 Optional 1'-_ $ref": "#/8defs/Complexvalue”
Short description of content article 2 Text Description of alloy composition, heat treatment and initial microstructure Optional - ' !
DOl Article n ic/Link Optional 95 }
96 ¥




Overview of the Proposed Framework

Data Generation and Provision

Data Generation
and
Documentation

Dataset
Handling and
Storage

Data Shaping,
Sharing, and
Publishing

Data Schema Ontology

L, Materials Data Infrastructure and Ontology Development
: for Exemplary Reference

Angetika Gedsun, usra Shakool, Sirisam Hunko, Luls A, Avta C., Marlana Fort, Thomas Kammarschimidt,
Hirgen Oibricht, Raines Stotzka, Timann Hickel. Birgh Skroiakl
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Data Identification and Usage

Data Search and Data Retrieval Data Usage

Discovery

> Data schema

» Data provision and downstream usage
possibilities
' Data Discovery and Usage - FAIR
Digital Object

'l Semantic Structuring, Ontology
Development




Data Discovery and Usage - FAIR Digital Object

Contact: Yusra Shakeel, KIT
Globally accepted representation of research data as a
sequence of bits (= a link)

PID Location
PID Profile P URL

e Contains all information towards FAIR

Conception: technology agnostic

Enhances data exchange by making FAIR data not only
machine readable but also machine actionable across
scientific disciplines

e Semantic structuring can complement this concept by
incorporating domain-specific expert knowledge in the data
discovery and retrieval and thus enhanced interoperabilty
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Semantic Structuring and Ontology development

Ontology entities
(classes, Ontology entities Ontology
properties, with persistent instantiated with
individuals) and identifiers
logic constrains

Data can be
discovered
through MSE-
Knowledge Graph

Define Scope and
Requirements of
the ontology

Controlled
Vocabulary

e Contact: Angelika Gedsun, Uni Freiburg

e Representation (semantically structured, annotated) of reference
data and specifically creep testing in a conceptual way and aligned
with the data schema

e Concepts for an universal reference dataset
e Reference Dataset Ontology — Creep (RDOC)

Miro-board for collaboration



Semantic Structuring and Ontology development

Ontology entities
Define Scope and Controlled (classes, Ontology entities Ontology
Requirements of properties, with persistent instantiated with
Vocabulary o ! o
the ontology individuals) and identifiers

logic constrains

Data can be
discovered
through MSE-
Knowledge Graph

e Contact: Angelika Gedsun, Uni Freiburg

e Connect/Reuse existing ontologies:

e SSOS: Standard Specific Ontology Standard, BFO: Basic Formal
Ontology, NFDIcore Ontology, MWO: MatWerk Ontology

e TTO (PMD) Tensile Test Ontology from PMD, HTO (PMD)
Heat Treatment Ontology PMD, SSOS Standards-Specific
Ontology Standard, Matadata4ding, MWO MatWerk Ontology

e Align to higher-level ontologies: PMDco, NFDIcore, BFO Miro-board for collaboration



Semantic Structuring and Ontology development

e Concepts for an universal reference dataset

bfo: Generically dependent
continuant?

Miro-board for collaboration




Semantic Structuring and Ontology development

e Reference Dataset Ontology — Creep (RDOC)
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Key Takeaways

Research Data Management for Reference Data in Materials Science and

® Framework for RD Coverlng the data generatlonl Engineering Exemplified for Creep Data of Ni-Based Superalloys: Reference Data
Concept and Framework for Data Generation, Distribution, and Utilization

provision, identification and usage
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beginning the intended use of the data “lus.avila@bam de

e Community-agreed definition for reference data (RD) in the MSE domain
and a (extendable) data schema (template) for creep (of SX-Ni-based
superalloys)

e Community involvement (domain-expert knowledge) is crucial

e Ongoing work / Next steps: Implementation including the publication and

(re-)use of a BAM reference dataset (Creep data of CMSX-6 Alloy)
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