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Alloy development data from the past wrren =)
Analoguous data

Vo

- 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

74

Historical data
from our archive
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Material data space to increase the efficiency and werEs > )
sustainability of the copper lifecycle o
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Topics in KupferDigital2 )
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Background and Experience reEn D))

Education:
* Master [ theoretical physics, analytics, simulation
* Doctorate [ atomistic simulations / machine learning

Work: (At Digitalzrung & K,
« TU Delft 1 Machine Learning \ fem Forschungsinstitu)
* Uni Stuttgart

* FIZ Karlsruhe 1 Semantics/Ontologies  for Mat. Sci.

*fem Forschungsinstitut [ Al & Digitalization
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Knowledge transformation wprE > )
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Machine analysis
é ﬁ’%i';-gh_l_evel Queries

7/ Semantic Knowleege

Semantification J/ Representation

L evel of abstraction | 1 Targeted Data Retrieval
/"

Database integration Data Integration & Storage

. . “} DPrelgis_e
Device data processing Time-Series Processing / 1 fiia Fouts
S — i — |

S afeag W

Process Data Acquisition
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Presentation plan: alloy casting ontology kwpeEn 2 )

« Casting process overview B FO

* The semantic approach &

« LCA integration P M DCO3

alignment
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Heating + Melting

T 016, POwer

Vper minute

Solidifying

T

coolant

Filling
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Alloy Casting Application Ontology uprER

. Generic module Physical grounding

Equipment
» Casting module — and processes

Parameters/
Time series

* Operational module

Environmental

e LCAmodule —— impact

ACAO
GitHub repository
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Generic Casting Process

Hating + Melting

Batchregime
.

\ &

Architecture,
Reusability
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Casting Module: definition of casting type —~
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Annotations
label [language: en]
investment casting production process

Classification
dimensions

skos:definition

Casting process where waxes are embedded into investment and destroyed during dewaxing and burnout to produce near net shaped
metal components.

N “definition source
- 1S0 19376-1:2025(en)

~
~
~
~
~
~
\\
~
\\ ~ ~ \\
—\
RS <

-
N " N RS \~\‘~\ Sso
Equivalent Ta AN RN
~ \\ ~ \\
~ ~ N

~

the o B Batch regime
. ‘discrete casting prbdqctmﬁ‘ﬁrggess'
domain @ "has part some IS A1 chitecture of mold
kn OWI ed e ("casting mold filling process'._
g and ("has participant' some
('shell mold’ .y
and 'expendable casting mold'))) Reusablllty Of 7n01d
@ 'has part’ some
("‘casting mold filling process’

and ('stimulated by’ some T a
(physical stimulus’ Driving force for lig.metal
Lata vveek Us.uo.ZuU and ("has basis in' some "gravity field condition"))))

13



Generic Module: physical basis for domain semantics —~

To be
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Centrifugal casting
pmd:ManufactoringProcess f? }
acao:InvestmentCasting - Investment CaStlng

ProductionProcess

bfo:Process

Classified!

ex:CastingProcess

Sand casting
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Generic Module: physical basis for domain semantics

To be

bfo:Process

pmd:ManufactoringProcess

Classified!

acao:lnvestmentCasting
ProductionProcess

ex:CastingProcess

bfo:Process

pmd:ContinuousTransport bfo:hasPart

acao:LiquidTransport
ofMetal

acao:CastingMold
FillingProcess

ex:MoldFillingProcess
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Generic Module: physical basis for domain semantics —~

KUPFER &) )
To be

digitall=
Vo

bfo:Process

pmd:ManufactoringProcess

Classified!

acao:lnvestmentCasting
ProductionProcess

ex:CastingProcess

bfo:Process

pmd:ContinuousTransport bfo:hasPart

acao:LiquidTransport
ofMetal

acao:CastingMold
FillingProcess

bfo:Process

acao:stimulatedBy acao:ProcessStimulus

acao:PhysicalStimulus

ex:GravityStimulu
Process
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Generic Module: physical basis for domain semantics —~
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To be

digitall=
Vo

bfo:Process

pmd:ManufactoringProcess

Classified!

force field

ProductionProcess

bfo:SpecificallyDependent

ex:CastingProcess Continuant

acao:Physical
bfo:Process

DynamicCondition
acao:GravityField
Condition

acao:LiquidTransport ex:GravityActing
ofMetal onCastedMetal

pmd:ContinuousTransport bfo:hasPart

acao:CastingMold
FillingProcess

bfo:Process

acao:hasBasisIn

acao:stimulatedBy acao:ProcessStimulus

acao:PhysicalStimulus

ex:GravityStimulu
Process
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Operational Module: semantic data organization

PMDco pattern

Planned value
(device setting)

Connecting:

Big Device
Executing system
Executed process
Process parameter

\

iao:is about

pmd:Cooling Function

ex:my cooling
func.

ro:has function 9. :
<o KuDi2:device part

ex:water cooling
subsystem 1

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026

obi:specifies value of obi:specifies value of

KuDi2: Dynamic

P TEEE A D Operational Paramater

pmd:Flow iao:is about

ex:flow rate 1

pmd:Device

ex:my casting
machine

pmd:has process
characteristic

bfo:Process

bfo:has part uDi2:CoolingProcess

ex:waler cooling
process 1

ro:participates in

KUPFER &) )
digital

\j)

n

PMDco pattern

Actual value
(measurement datum)
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Operational Module: semantic data organization —~
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Vo
PMDco pattern
Planned value PMDco pattern
(device setting)
- _— obi:specifies value of ACtuaI value
e obi:specifis vaiie of (measurement datum)
: KuDi2: Dynamic |
. i pmd:ProcessAttribute o P t / << "111"Mxsd:float
I nfe rrl ng . iao:is about T iao:is about Y/
[ ) \ //////
Shortcut o ol
C udiZ:has planne kudi2:h ctual
p ro pe rtl eS value of operatjonal parameter | value of LcJ)pIeratEi‘gnaal ;:rameter
X | -

! property chain:
has part
L

pmd:has process partiCipateS in

characteristic

i . has process attrib.

ro:has function KuDi2:device part ex:water cooling D
t li ro:participates in process 1
ex:water cooling - .
o has operational

K. Gubaev: KupferDigital2 | parameter 19
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kudi2:has operétional parameter

4

/ i
pmd:Device / o
ex:my casting ,/’//
machine

bfo:Process

pmd:Cooling Function

ex:my cooling
func.




RUPFERDIGITAL 2

Operational Module: semantic data organization

pmd:Device

ex:my casling
machine

pmd:Cooling Function

ex:my cooling
func.

bfozhas part
bfo:Process

uDi2:CoolingProces:

ex:water cooling
process 1

ro:has function KuDI2:device part

ex:waler cooling
subsystem 1

KuDi2:CoolantTempr.
Parameter

" KuDi2:CoolantOutput

Tempr.Parameter

ex:temperature

pmd:intensive Quality bfo:has realization

rozinput of

pmd: Temperature

pmd:PortionOfMatter
rohas quality

kudi2:has operatlonal'parameter pmd:ChemicalSubstance

pmd:ChemicalSubstance

pmd:PureSubstance

_rozhas state

———

pmd:Temporally
QualifiedContinuant

\( 1V
ex:cold water

ex:cooling water 1

ro:has state

ro:bearer of

bfo:Role

KuDi2:CoolantRole

pata vveek us.uon.ZuZzZo

o
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)

LEGEND

- role/function bearing

>
>
>

- process input/output

= quality bearing

= operational parameter

property chain:
has part
L
participates in
S
has input/output
L

E has quality
L

kudi2:has operational parameter

pmd:Temporally
QualifiedContinuant

ex:hot water

_ has operational

" parameter 20
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Operational Module: semantic data organization —~
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Querying (inferred) operational parameters:

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

Snap SPARQL Query:

#has operational parameter: cbo:kD2_d4c01cd? _acdc 4784 9b31 06b44cdadz2ba

SELECT DISTINCT ?host_device ?parameter

WHERE{
?cls rdfs:label ?clsLabel .

FILTER( LCASE(STR(?clsLabel)) = "device" )

?host_dev rdf:type ?cls .

?host_dev obo:KD2_ d4c01cd7 acdc 4784 9b31 06b44c4cad2ba ?par.
OPTIONAL { ?par rdfs:label ?parameter }
OPTIONAL { ?host_dev rdfs:label ?host_device }

by
ORDER BY ?label

Execute

Data Week 03.06.2026

?host_device

ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinugusCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinugusCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinugusCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en

ContinuousCastingMachine@en

25 results

| S

JSON fields

H20_out_Zone2_quality
H20_out_Zone1_guality
L1_quality_exp2
t_Pause_Anfahren_guality
t Pause_quality
T_Kok_quality
t_Anfahren_guality
H20_in_quality
v_giel_guality

HZ20 _out_Sek_quality
Vaol_Zone3_quality
Vol_Sek_guality
P_Heiz_Kuok_quality
T_Tiegel_quality
Vol_Zone2_guality
m0_quality_exp?2
Abschnitt_guality
Vol_Zone1_quality
B1_quality_exp2
T_Kihler_guality
H1_quality_exp?2

21
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Operational Module: semantic data organization

Querying values of operational parameters:

* Where difference planned vs actual is > 57?

* At which time step?

?host_device
ContinuousCastingMachine@en

ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachinef@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en
ContinuousCastingMachine@en

N T T e S e W e e

87 results

?quality_label

T_Tiegel_quality
T_Tiegel_quality
T_Tiegel_quality
T_Tiegel_quality
T_Tiegel_guality
T_Tiegel_quality
Vol _Zone1_quality
Vol _Zone1_quality
Vol_Zone1_quality
Vol _Zone1_quality
Vol_Zone1_quality

Ty PIRRELy RO oY

R N v |

Data Week 03.06.2026

1240
1238
1238
1236
1236
1236
307
306
407
257
480

e

Zactual_val

1230
1230
1230
1230
1230
1230
300
200
400
200
500

?planned_val

2diff
100
8.0
8.0
6.0
6.0
6.0
7.0
6.0
7.0
430
200

- .

——
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Zunit

degree Celsius@en
degree Celsius@en
degree Celsius@en
degree Celsius@en
degree Celsius@en
degree Celsius@en
litre per hour@en
litre per hour@en
litre per hour@en
litre per hour@en
litre per hour@en

R S e

imestep_seconds

190
180
170
160
150
140
10
0
&0
20
170
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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, H,)

* |Realizable entity — CO,-equivalent

« PMDco patterns for calculations & method

*https.//ecoinvent.org/projects/orienting/

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026
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/ independent continuant
B () immaterial entity
v 1 matenal entity
& chemical entity
- ‘:Lf ) fiat object part
- ) Homo sapiens
- &) manufacturer
- @ object
v-@ DbjECt aggregate
- ) atomic structure
- ) component
B il'  connected material entity aggregate
v dlsconnec’[ed material entity aggregate
e ;L aerosol

-0 environmentally active emission ag;gﬁ_regate!
) powder /

'"_f specifically dependent continuant \
»-- @ physical dynamic condition
p-- @ quality

\ 2 iﬁj_] realizable entity

v dlSpOSItlﬂn
: ' climate change dISDDSItIDH /
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Takeaway message sigitalS J
 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.

K. Gubaev: KupferDigital2 | GitHub repositor 24
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Our project partners in KupferDigital rees =)
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Projektkoordination: Wieland Electric

vz wieland

Konsortialpartner

ANAurubis DIN  DIN ELITLGE

L
~ Fraunhofer
WM

*’eccenca

g@lnfM DKME MCS SCALEZZ scHAEFFLER wieland  wieland

Laufzeit Danksagung % Bundesministerium Platform Material Digital Project
1.2.2025 — 31.1.2028 Das Vorhaben 13XP5230 wird im Rahmen der Innovations- “%> | furBildung S
N und Forschung . =-l.‘|'-"
plattform MaterialDigital vom Bundesministerium fur Bildung " =E==i=;.
" n
d Forsch fordert,

SRR MATERIALDIGITAL
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Thermodynamic ontology: semantic data integration

Mat. Sci. Article IDE for Mat. Sci. Calculations Database

N o7 < Access]

i Compare 2"

The
Materials
Proiect

B (GPa) 175.0(7) 183 172

derivative (bulk N
modulu(s) | Compare
h nge "
\_ 3. equilibrium
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PMDco style: flow rate

« BFO/PMDco3 patterns reusing:

——
KUPFER &)
digitall=

Vo

Planned value
(device setting)

=
=

- Planned settings are
part of the plan

- Value specification with
unit and value

iao:Plan Specification

pmd:Recipe

KuDi2:Casting Recipe

ex:total plan

« OM2 ontology for units

bfo:part of

[ iao:ICE ]
)

[ iao:Setting Datum

ex: PLANNED setting datum

iao:Measurement Unit
Label

rdfs:subClassOf

uo: L/H
A
rdf:type

iao:has measurement
unit label

pmd:has value

obi:Value Specification

rdfs:subClassOf

obi:Scalar Value |
Specification

A
\ "123"Mxsd::float

[ ex: PLANNED flow val

kudi2:has planned
value specification

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026

obi:specifies value of

iao:is about

pmd:ProcessAtiribute

pmd:Flow

ex:flow rate 1
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PMDco style: flow rate

« BFO/PMDco3 patterns reusing:

- Actual values come
from measurements

- Value specification with
unit and value

« OM2 ontology for units

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026
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| S

Actual value

(measurement datum)

pmd:Flow

ex:flow rate 1

pmd:ProcessAttribute

obi:specifies value of

IS

obi:Value Specification

rdfs:subClassOf

obi:Scalar Value
Specification

I

rdf:type

ex: ACTUAL flow
val.

[ 1ao:Measurement Unit

rdfs:subClassOf

om2:Litres per Hour

ex: LUH
iao:has measurement:

unit label

pmd:has value

—_ "1M11""xsd:float

iao:ICE
rdfs:subClassOf
iao:Data Iltem

rdfs:subClassOf

iao:Measurement
Datum

rdf:type

ex: MEASURED flow val }
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PMDco style: flow rate

Planned value
(device setting)
1ao:fMeasuremant Jnit
l Label
1a0.Flan Spevificalion ‘
pmd:Recipe

KuDi2:Casting Recipe

obi.Value Speciicalivn

1dfs. subClass0r

obiScalal Valug

rars:subliassor

om2: Litres per Hour
N
rdf:!vpe

specitication
B Vi a0'has measimment
. unit label s > "123"Mxsd::float
__pmiahas value
ox 1" ANN-1) Tlew va)
- Ve,
ocihas value = Y
o spedilicalion \\\
\\\\
Do T
T S
T~ ARPSPOETICS vAlle ot
~— onrspee P’Q:rn
~—~—_

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026

12018
—

e
about

~

pme:FrocessAtinbute

ubi.specifies value of

——
KUPFER )
digitall=

| S

Actual value

(measurement datum)

obrvalue Specimicannn
N

[ I teasurement Hinit
1405 5ubC @ss0”

1 abel ]
__._’F—
|
1dls. subClassOf
|
obi.Scalar Valug omz.Lil \-I H
Specincasion omz.Lies per Hou
A A
4 rdr. :yE'_
1l lype -
H l e2x. LiH
. — izu lias measurement— y
/[:;(.AL. UAL null}_ unil fabel
val Sy
A » T
g \\ pind.has value
/ \\ ey
\ T "111"Mxsd::float
\\ - <
A\
/ \
\
\
\
A\
\
\

CEIZhéS value
specrication
\

iavICE
\ r%s:subClassOf
A
\
\ laonaa oM
\
\

\ 1373 SUDLCI8sS”
\
~ ? iao:Measurement
~ido.is J‘J'J\Jl Datum
l.lype
= \

‘«{ £x. MEASURED flow val |
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PMDco style: flow rate —~
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Planned value

(device setting)

Actual value
obi:specifies value of obi:specifies value of (measu rement datum)

pmd:ProcessAttribute

iao:is about

pmd:Flow iao:is about

ex:flow rate 1

K. Gubaev: KupferDigital2 | 30
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Casting ontology: operational module —~

Planned value
(device setting)

Connecting:

 Big Device

» Executing system
« Executed process
* Process parameter

\

pmd:Cooling Function

ex:my cooling
func.

ro:has function 9. :
<o KuDi2:device part

ex:water cooling
subsystem 1

K. Gubaev: KupferDigital2 |
Data Week 03.06.2026

iao:is about

KUPFEI
digita

\j)

n

Actual value
(measurement datum)

obi:specifies value of obi:specifies value of

KuDi2: Dynamic

pmd:ProcessAttribute

Operational Paramater

pmd:Flow iao:is about

ex:flow rate 1

pmd:Device

ex:my casting

machine pmd:has process
characteristic
bfo:Process
bfo:has part uDi2:CoolingProcess
ex:waler cooling
g i process 1
ro:participates in

31
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Casting ontology: operational module —~

KUPFER &) )
digitall=
W
Planned value
(device setting)
- — obi:specifies value of ACtuaI Val ue
- obi:specifies valle of (measurement datum)
- KuDi2: Dynamic | e
. . pmd:ProcessAttribute . / — "11"Mysdfloat
I nfe rrl n g . iao:is about O iao:is about \EXS/JSEL/
 Shortcut \ i

kudi2:has actual
value of operational parameter

-

! property chain:
has part
L

pmd:has process partiCipateS in

characteristic

i . has process attrib.

ro:has function KuDi2:device part ex:water cooling D
t li ro:participates in process 1
ex:water cooling - .
o has operational

K. Gubaev: KupferDigital2 | parameter
Data Week 03.06.2026

\
C kudi2:has planned
p rO p e rtl eS value of operatjonal parameter |
X /

kudi2:has operétional parameter

4

/ i
pmd:Device / o
ex:my casting ,/’//
machine

bfo:Process

pmd:Cooling Function

ex:my cooling
func.
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Casting ontology: operational module

pmd:Device

machine

pmd:Cooling Function

exxmy cocling
func.

bfo:Process

ex:water cooling
process 1

bfo:has part bfo:realizes

ro:has function KuDI2:device part

ex:waler cooling
subsystem 1

Kubi2:CoolantTempr.
| Parameter rozinput of
KuDi2:CoalantQutput

pmd:Intensive Quality ofo:has realization

pmd:Temperature ro:participates in

Tempr.Parameter

ex:temperature

pmd:PortionOfMatter

rozhas quality
pmd:ChemicalSubstance

pmd:ChemicalSubstance

pmd:PureSubstance

ex:cooling water 1

pmd:Temporally

QualifiedContinuant ro-has state ro:hearer of

ex:cold water

KuDi2:CoolantRole

Data Week 03.06.2026
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digital(=
|

LEGEND

- role/function bearing

P - process input/output

— - quality bearing

pmd: Temporally

QualifiedContinuant

ex:hot water

ro:has quality

ro:output ot

KuDi2:CoolantTempr.
Parameter
" KuDi2:CoolantOutput
Tempr.Parameter

ex:temperature

pmd:Intensive Quality

pmd:Temperature
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Casting ontology: operational module

pmd:Device

ex:my casling
machine

pmd:Cooling Function

ex:my cooling
func.

bfozhas part
bfo:Process

uDi2:CoolingProces:

ro:has function KuDI2:device part

ex:waler cooling
subsystem 1

KuDi2:CoolantTempr.
Parameter

" KuDi2:CoolantOutput

Tempr.Parameter

ex:temperature

pmd:intensive Quality bfo:has realization

rozinput of

pmd: Temperature

pmd:PortionOfMatter
rohas quality

kudi2:has operatlonal'parameter pmd:ChemicalSubstance

pmd:ChemicalSubstance

pmd:PureSubstance

_rozhas state

pmd:Temporally
QualifiedContinuant

\( 1V
ex:cold water

ex:cooling water 1 —

ro:has state
ro:bearer of

KuDi2:CoolantRole

pata vveek us.uon.ZuZzZo

bfo:Role

o
KUPFER 5)
digitall=
Vo

LEGEND

4 - role/function bearing

3 - process input/output

- - quality bearing

3» - operational parameter

property chain:
has part
L
participates in
S
has input/output
L

E has quality
L

kudi2:has operational parameter

pmd:Temporally
QualifiedContinuant

ex:hot water

_ has operational
" parameter
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Some Links:
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Showcases to explore can be found here:
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g.% : '*9‘
@"az%....z
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Thank you very much
for your attention.

Miriam Eisenbart, fem Forschungsinstitut
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