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Challenges

• Limited access to existing data​
• High number of tailored solutions

(most of the time incompatible)​
• Need for resources

Goal

• Interoperability – break up silos​
• Data-Driven decision making​

Solution

• Semantic data integration
• Ontology-driven tools (e.g.: Triple-

store)

Which materials
are already

tested?

What is the
correlation between

carbon weight
fraction and tensile

strength?

Current situation

• Wide range of subdomains with 
various requirements 

• Large volume of data
• Located in multiple “Silos”
• Heterogeneous data​
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Classic workflow of scientific data processing

Term Value Unit

Part-ID 5

MaterialName C45

MaterialProductionType Blast furnace

MaterialBatchID SteelResearch 2018

ProductType Wire

CWeightFraction 0,45 mass.-%

SiWeightFraction 0,16 mass.-%

MnWeightFraction 0,69 mass.-%

PWeightFraction 0,02 mass.-%

SWeightFraction 0,02 mass.-%

CrWeightFraction 0,05 mass.-%

MoWeightFraction mass.-%

NiWeightFraction mass.-%

NWeightFraction mass.-%

AlWeightFraction mass.-%

CuWeightFraction mass.-%

FinishRollingTemperature 900,00 °C

CoolingRateAfterRolling 1,00 °C/s

InitialDiameterOfProduct 10,00 mm

FerriteGrainSize 6,00 µm

InitialMicrostructureBandingRate

NmITotalSurfaceAreaFraction %

MnSTotalSurfaceAreaFraction %

Process chain Data sources Read in data Structure data Process data Evaluate data Scientist

Various tailor made IT-solutions required
- Parser for all different data files
- Individual data schema for each project
- Tailored data processing
- Low level of flexibility
- Low level of reuse
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Architecture using the DSMS

Term Value Unit

Part-ID 5

MaterialName C45

MaterialProductionType Blast furnace

MaterialBatchID SteelResearch 2018

ProductType Wire

CWeightFraction 0,45 mass.-%

SiWeightFraction 0,16 mass.-%

MnWeightFraction 0,69 mass.-%

PWeightFraction 0,02 mass.-%

SWeightFraction 0,02 mass.-%

CrWeightFraction 0,05 mass.-%

MoWeightFraction mass.-%

NiWeightFraction mass.-%

NWeightFraction mass.-%

AlWeightFraction mass.-%

CuWeightFraction mass.-%

FinishRollingTemperature 900,00 °C

CoolingRateAfterRolling 1,00 °C/s

InitialDiameterOfProduct 10,00 mm

FerriteGrainSize 6,00 µm

InitialMicrostructureBandingRate

NmITotalSurfaceAreaFraction %

MnSTotalSurfaceAreaFraction %

Process chain Data sources Data Space Management System

Transform data Store data Process data

Input

Scientist

Andere Versuchsdaten

Structured data enriched by semantic
meanings

→ Easy data access

Standardized interface for data
retrieving
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Roles in DSMS
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BAM Brinell-Hardness data 

Meta data:
• General information to reproduce the 

experiment
Measurement data:
• Measurement specific information
• Resulting data of the measurement process



Semantic data integration using the DSMS

28.06.2023 © Fraunhofer IWM intern / offen / vertraulichSeite 8

Ontology

Ontology development

Ontology to provide data schema used in SPARQL 

queries

• Domains:

• Hardness measurement

• Tensile test measurement

• Top-Level/ Domain-Ontology

• EMMO - Elementary Multiperspective Material 

Ontology

• CHAMEO - Characterisation Methodology 

Domain Ontology 

• Mechanical Testing Ontology basierend auf 

EMMO
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Live Demo

https://kupferdigital.materials-data.space/

https://kupferdigital.materials-data.space/
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Conclusion

Conclusion

• DSMS provides a framework for semantic data integration and data processing

• Benefits of DSMS:

• Different roles for specific needs

• User management and access control

• Flexible installation of e.g. pipelines for RDF-Generation

• Integration of application e.g. data analysis

• Low hurdle for material scientist for scientific data research due to UI

• Integration of technical innovation e.g. AI-based text processing



Logobereich

Thank you for your attention!
—
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