SF2M

—— Société Frangaise ——
de Métallurgie et de Matériaux

Journées de Printemps 2025

Digital methods describing and predicting the fatigue behavior
of high strength steelsr

S. Fliegener?, .M. Dominguez!, J. Francisco Morgado?, H.U. Kobialka?, J. Rosenberger?, J. Tlatlik?,
P.D. Portella?

! Fraunhofer IWM, Freiburg
2 Fraunhofer 1AIS, Sankt Augustin

1 Préparation du résumé étendu

High strength steels are widely used for structural applications in which their fatigue behavior is a crucial
design factor. During product development, various material characterization and qualification experiments
are mandatory. For a faster and more cost-efficient development, data driven methods promise to replace
or to complement the material testing by prediction of the fatigue strength. Therefore, a comprehensive
database must be created, considering a multitude of processes and parameters, such as the metallurgical
route and heat treatment, the chemical composition of the material, its surface condition, load and geometry
parameters and many others. With an ontology-based, semantically linked knowledge graph, representing
the manufacturing history of the material, such relationships can be accounted for.

In this presentation, our approach towards digitalization of the fatigue behavior is described, which includes
assembling a database mostly from literature values, extension and implementation of a suitable domain
ontology into EMMO, development of a process graph (A-Box template) for specific material variants, an
appropriate data mapping workflow as well as ML-based predictions of the material properties. The talk is
from a rather practical perspective, also highlighting the challenges we faced and are still facing in this
comprehensive digitalization project.
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<owl:Class rdf:about="http://emmo.info/emmo/domain/mechanical-testing#EMMO_099c40dc_9ddb 4eel b7c8_leldd9al9fbb">
<skos:preflabel xml:lang="en">InductionHardening</skos:prefLabel>

<rdfs:comment>Induction hardening is a type of surface hardening in which a metal part is induction-heated and then
quenched. The quenched metal undergoes a martensitic transformation, increasing the hardness of the part.</rdfs:comment>
</owl:Class>

Figure 1. Concept of an ontology-driven knowledge graph describing the process-microstructure-property
relations for the use-case “fatigue behavior of high strength steels”
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Figure 2. Database for fatigue behavior of high strength steels, covering a multitude of material classes and
parameters (ca. 110 materials, 1100 testing series, 22000 fatigue experiments)



