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Alloy development data from the past
Analoguous data

Historical data
 from our archive

- Example of not-FAIR data
- Such experiments have to be repeated if

- Important information is missing (e.g. metadata)
- Data is not known to exist / not findable
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Project coordination: Wieland Electric

Acknowledgement
The project 13XP5230 is funded by the Federal Ministry of 

Education and Research as part of the MaterialDigital 

innovation platform.

Duration
1.2.2025 – 31.1.2028

Consortium
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Platform Material Digital Project
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Material data space to increase the efficiency and 
sustainability of the copper lifecycle
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Topics in KupferDigital2

Digital Product Passport

Demonstrator Process Chain

*Images of the connector by ChatGPT
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Background and Experience

Education:
• Master 🡪 theoretical physics, analytics, simulation
• Doctorate 🡪 atomistic simulations / machine learning

Work:
• TU Delft   🡪 Machine Learning
• Uni Stuttgart
• FIZ Karlsruhe   🡪 Semantics/Ontologies
• fem Forschungsinstitut 🡪 AI & Digitalization

Konstantin Gubaev
(Abt. Digitalizirung & KI, 
fem Forschungsinstitut)

for Mat. Sci.



K. Gubaev: KupferDigital2 | 
Data Week 03.06.2026

7

Device data processing

Database integration

Semantification

Machine analysis

Level of abstraction

Knowledge transformation

*images are based on output of ChatGPT 5.4 Pro
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Presentation plan: alloy casting ontology

• Casting process overview

• The semantic approach

• LCA integration

BFO
&

PMDco3

alignment
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Generic Casting Process

Heating + MeltingTransporting

Mold
Filling

Solidifying

*images are based on output of ChatGPT 5.4 Pro
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Generic Casting Process

Heating + MeltingTransporting

Mold
Filling

Solidifying

*images are based on output of ChatGPT 5.4 Pro

 

 

 
Planned values

&
Actual values
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Alloy Casting Application Ontology

• Generic module

• Casting module

• Operational module

• LCA module

ACAO 
GitHub repository

Physical grounding

Equipment
and processes

Parameters/
Time series

Environmental
impact
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Generic Casting Process

Heating + MeltingTransporting

Mold
Filling

Solidifying
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Casting Module: definition of casting type

Investment casting production process

 

Formalizing
the

 domain 
knowledge

13
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Generic Module: physical basis for domain semantics

To be 
Classified!

pulling
down

d

 

 

 

?



K. Gubaev: KupferDigital2 | 
Data Week 03.06.2026

15

Generic Module: physical basis for domain semantics

To be 
Classified!

pulling
down

d
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Generic Module: physical basis for domain semantics

To be 
Classified!

pulling
down

d
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Generic Module: physical basis for domain semantics

To be 
Classified! force field

pulling
down
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KUPFERDIGITAL 218
Operational Module: semantic data organization

Connecting:
• Big Device
• Executing system
• Executed process
• Process parameter

PMDco pattern 

PMDco pattern 
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KUPFERDIGITAL 219

Inferring:
• Shortcut 

properties

has part 
🡪
participates in
🡪
has process attrib. 
🡪
has operational 
parameter 

property chain:

Operational Module: semantic data organization

PMDco pattern 

PMDco pattern 

19
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KUPFERDIGITAL 220

has part 
🡪
participates in
🡪
has input/output
🡪
has quality
🡪
has operational 
parameter 

property chain:

Operational Module: semantic data organization

20
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KUPFERDIGITAL 221

Querying (inferred) operational parameters:

• Single property for dynamic & static
• Easy to wrap-up in complex queries

JSON fields

Operational Module: semantic data organization

21
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KUPFERDIGITAL 222

Querying values of operational parameters:

• Where difference planned vs actual is > 5?

• At which time step?

Operational Module: semantic data organization

22
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KUPFERDIGITAL 223
LCA module: climate impact in Basic Formal Ontology

State of the art:

- ORIONT*: ontology for product LCSA
- No BFO-conformant LCA ontology found

Minimal semantic effort for LCA:

• Material entity –  emissions (acids, ions, H2)

• Realizable entity – CO2-equivalent 

• PMDco patterns for calculations & method

*https://ecoinvent.org/projects/orienting/
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• WHAT: 
-   Alloy Casting Ontology / Knowledge Graph for aggregation / querying / analysis 

• WHY:
- Make data meaningful + auditable: embedding domain semantics and LCA

• HOW:
- Now: Reusing PMD patterns + dedicated extensions
- Next: Thermodynamics for Machine-Learning analysis

• SO WHAT:
- From raw process data to explainable environmental impact.

KUPFERDIGITAL 224

Takeaway message

ACAO 
GitHub repository
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Our project partners in KupferDigital

Project partners | Project coordination: fem

Associated partners

Platform Material Digital Project
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KUPFERDIGITAL 226
Thermodynamic ontology: semantic data integration
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KUPFERDIGITAL 227
PMDco style: flow rate

• BFO/PMDco3 patterns reusing:

-    Planned settings are
part of the plan

- Value specification with 
unit and value

• OM2 ontology for units
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KUPFERDIGITAL 228
PMDco style: flow rate

• BFO/PMDco3 patterns reusing:

- Actual values come
from measurements

- Value specification with 
unit and value

• OM2 ontology for units
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KUPFERDIGITAL 229
PMDco style: flow rate



K. Gubaev: KupferDigital2 | 
Data Week 03.06.2026

30

KUPFERDIGITAL 230
PMDco style: flow rate
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KUPFERDIGITAL 231
Casting ontology: operational module

Connecting:
• Big Device
• Executing system
• Executed process
• Process parameter
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KUPFERDIGITAL 232

Inferring:
• Shortcut 

properties

has part 
🡪
participates in
🡪
has process attrib. 
🡪
has operational 
parameter 

property chain:

Casting ontology: operational module
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KUPFERDIGITAL 233
Casting ontology: operational module
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KUPFERDIGITAL 234

has part 
🡪
participates in
🡪
has input/output
🡪
has quality
🡪
has operational 
parameter 

property chain:

Casting ontology: operational module
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Kupfersymposium 2025
We look forward to welcoming you
to Schwäbisch Gmünd! Home of the
fem Research Institute since 1922. 

With a Digitalization Workshop tailored for Engineers and Material Experts
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Some Links:

Showcases to explore can be found here:

Publications can be found here:The PMD Data Portal can be found here:
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Thank you very much 
for your attention.

Miriam Eisenbart, fem Forschungsinstitut


