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Fraunhofer Institute for
Mechanics of Materials IWM

» Focus on traditional research fields in materials science

= Materials modelling and characterization

= Assessment of components and manufacturing processes
(efficiency, life-time, ...)

= Nowadays, digitalization plays a key role in materials science and
manufacturing

- Current focus: Digitization of materials and process data
- Generate value by using data-driven tools
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Applying data-driven solutions

Obstacles
— Decision Support
APPS and Ul Simulation 1 Simulation 2 System
Interoperability gaps hinder effective communication Datfesesfge _ CEOi )
Limited data access restricts Solution otential ..................................... 00 N\ VTR 5\ WU ¢ 1 DOUOOR
: i : N
Data conversion and pre-processing scripts are \“"AQA." (
required ”‘"
Connection ‘,\‘
Level (

» Engineers lose valuable time

A8

=8 8 4 0
Level

Various Databases Microscopical  Test data Standards and
data documents
-
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Applying data-driven solutions

Obstacles
— Decision Support
APPS and Ul Simulation 1 Simulation 2 System
Interoperability gaps hinder effective communication Datfet’ffge _ CEOi )
A
A N N . do
. “Most data scientists spend only 20% of
Data conversion and pre- P :
required their time on actual data analysis and

80% percent of their time finding,
cleaning, and reorganizing huge
» Engineers los amounts of data, which is an
inefficient data strategy”

Armand Ruiz, Lead Product Manager IBM Data Science and Watson @ I1BM :_h

Various Databases Microscopical  Test data Standards and
data documents

—
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The importance of FAIR data management for SMEs
What is FAIR data and why it is important

« FAIR: Findable, Accessible, Interoperable, Reusable

« Often data is stored in file structures or relational databases within an organization - not FAIR

. ) ) ) Decision Support Decision Support
APPS and Ul Simulation 1 Simulation 2 System APPS and UI Simulation 1 Simulation 2 System

Data Usage ) Data Usage (o)

Level - O Level - 0

Semantic
technologies
Connection ;
Semantic
Level — e Dataspace

Data source @ @ ﬁ E @ Data Source
Level
Various Databases ) . .
arious Databases a rds an
s

Level
Microsco pical  Testdata Standards and
data documen ts

—
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Data-driven solutions with FAIR data
Strengths

 Interoperability enables seamless communication

« Full data access fosters deeper insights and better
decisions

» Less data conversion streamlines processes and
boosts efficiency

* FAIR data is Al-ready

Seite 6 03.03.2025

Decision Support

APPS and Ul Simulation 1 Simulation 2 System
Data Usage o
Level - .
b —

atigue Data \| /" {_Restrictions
i Material /
14 =
| b
Composition
|Microstructure|

Semantic
Level

Characteristics

Data Source @ % _:5 E :_h
Level

Various Databases Microscopical Test data Standards and
data documents
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Semantic technologies for FAIR data management
Data-information-knowledge-wisdom (DIKW) hierarchy applied to materials data

Ability to make predictions based on a
dataset

“A Component fabricated from material
DX56D can reach a drawing depth of
67.6 mm”

Collection and cross-linking of data enriched

with meaning “DIN EN ISO 6892-1 tensile test with

&\C'? . _ specimen 123 made out of material
&L DX56D showed an ultimate tensile
Data enriched with meaning & strength of 260 MPa.”
N
&
Y3 o lnfOrm .
& ation " :
Raw data, simple facts, <« Tensile Strer.llgth 260
measurement data MPa
Data "260"
Y.N. et. al. Semantic orchestration and exploitation of material data, arXiv:2406:19509
4
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https://doi.org/10.1002/adem.202401448

Semantic technologies for FAIR data management

Knowledge graphs

Information is linked and stored in a knowledge graph

Every term is unique and defined, e.qg.

URI: http://qudt.org/vocab/unit/PERCENT

Description

"Percent” is a unit for 'Dimensionless Ratio' expressed as %.

Human and machine readable

But: Working with semantic technologies is challenging

Seite 8 03.03.2025

Component XY

composedOf
Tensile Test Analysis

enerated o
J characteristicOf

T s

Elongation

hasumA

qudt:PERCENT

PET

hasValue

2711
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Semantic technologies for FAIR data management

Semantic complexity scale

To speak a common language we need ...

Syntax: Common Semantics
symbols and concepts

Glossary

Keywords
Controlled Vocabulary

Less Expressivity

Seite 9 03.03.2025

Classificatio
of concepts

Taxonomy
X:

Ontology
Rules, logical formalism ~=w
Additional Relations to

other concepts Thesaurus

n (context)

spo:hasMaterial ___—

SEIesES spo:hasTensileStrength_MPa > 260

spo:hasTensileStrength MPa S

gudt:MegaPA

sioilEnstalc — spo:TensileStrength
DIN EN IS0 6892-1 J%

spo:hasMaterial

Lnrm,/, '
BAM:TensileTest Pmdco:
- aterialDesignation

v
,,Pascal”
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Data management in materials manufacturing

Tensile test example

"Prifinstitut”
"Projektnummer”
"Projektname”
"Datum/Uhrzeit”

"Maschinendaten"
"Kraftaufnehmer"”

"Wegaufnehmer"

"Prufnorm”
"Werkstoff"
"Probentyp"”
"Priufer"

"Probenkennung 2"

"Messlé
"Versuc

erober /N Structural heterogeneity: ASCIl on top of TSV

"Prober
"Prufge
"Vorkre

e A\ Semantic heterogeneity: Terms are specified in a particular language

"Bemerk

"Priufze

ngn e
81.
.95 82.
.1 82.
.15 82.
82.
.25 82.
.3 82.
.35 82.
.4 82.

AC o

PO OO0
(%)
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9691
0348
0854
@619
0386
0924
1014
1089
11e3

NAAN

"Fraunhofer IWM"
"142003"
"3D-Blechmodelle2”
"16.04.2016 13:53"

"ZwickRoell Kappa5eDS"

"XForce K"
"makroXtens"
"DIN EN ISO 6892-1"
"DX56D"
"FZ2 (L0=80_bo=20_R20)"
"wes"

"mm" "mm" "mm"
1158.37 @ %]
1158.37 -3.93633e-05

1158.37 -5.02838e-05
1158.37 -6.98432e-05
1158.37 -8.73003e-05
1158.37 -9.95444e-05
1158.37 -0©.000103285
1158.37 -9.91844e-05
1158.37 -0©.000109016

11COo 27 A AAAMT1119A

"DX56_D_FZ2_WReo_43"

3¢

VR ROURARLRRELRERE

.14004e-06
.8999¢e-06
.5002e-06
.10184e-07
.4993e-07
.49995e-06
.75019e-06
.60408e-07

DARONAA~A AT

I>- Metadata (key-value pairs)

.93633e-065
.092838e-065
.98432e-065
.73003e-065
.95444e-065
.0e0l103265
.91844e-065
.0eole9016

AART1I119A

Measurement
= data
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Data management in materials manufacturing
Tensile test example

|
:l'zf"ufigititut"" Jraunhofer W fileid:TensileTestExperiment a prov:Activity ;
roje nummer . "
“Projektname”  "3D-Blechmodelle2” prov:generated fileid:AbsoluteCrossheadTravel,
"Datum/Uhrzeit" "16.04.2016 13:53" fileid:Extension
"Maschinendaten” "ZwickRoell KappaSeDs" . s ’
"Kraftaufnehmer" "XForce K" fileid:Rema r'k:
"wegaufnehmer" "makroXtens" fileid:StandardForce s
"Prufnorm” "DIN EN ISO 6892-1" . PR
"Werkstoff" "DX56D" fileid:TimeStamp,
"Probentyp” "FZ2 (Le=8e_be=20_R20)" fileid:dataset ;
"Priifer" "wes" . .
"Probenkennung 2" "DX56_D_FZ2_WR@®_43" prov:hadPlan fileid:TestStandard ;
:Cessléﬂg;_stagdi;gweg" g8 "mm” Data2RDF prov:used fileid:DisplacementTransducer,
eérsucnslange mm . . 0 -
"brobendicke®  1.55  "mm" fileid:ForceMeasuringDevice,
:grege"brﬁi’,@;, 008 o, o fileid:TensileTestSpecimen,
rurgescnwlndlgkel . mm/s . . . . .
“VorkraFt" 2 “Mpa” fileid:TensileTestingMachine,
cpemperaturt 2 e fileid:TestingFacility ;
emerkung . . 0 0
"Priufzeit" "Standardkraft"” "Traversenweg absolut" "Standardweg" "Breitendnderung" "Dehnung” pPOV:NESASSOClatEdWlth 'FllEld:TEStEI" H
"s” “N” mmtotmmto Ut % prov:wasInfluencedBy fileid:ExperimentPreparation
] 81.9691 1158.37 © ] ]
0.85 82.08348 1158.37 -3.93633e-05 1.14004e-06 -3.93633e-065
9.1 82.0854 1158.37 -5.02838e-05 1.8999e-06 -5.02838e-05 -Fileid:'restingstandar\d a pr-ov:Plan
9.15 82.0619 1158.37 -6.98432e-05 1.5002e-06 -6.98432e-05
9.2 82.0386 1158.37 -8.73003e-05 4.10184e-07 -8.73003e-05
9.25 82.0924 1158.37 -9.95444e-05 9.4993e-07 -9.95444e-05 -Fileid:Experﬂimentppepar‘ation a prﬂov:Activity .
0.3 82.1014 1158.37 -0.000103265 1.49995e-06 -0.000103285 . ' ' . *
©.35  82.1089 1158.37 -9.91844e-05  1.75019e-06 -9.91844e-05 prov:atlLocation fileid:TestinglLab ;
0.4 82.1103 1158.37 -0.000109016 9.60408e-07 -9.000109016 pr\ov:gener\ated -Fileid:Or\iginalGaugeLength,
fileid:Preload,
fileid:TestingRate ;
prov:wasAssociatedWith fileid:DisplacementTransducer,
. i fileid:ForceMeasuringDevice
https://github.com/MI-FraunhoferlWWM/data2rdf fileid:ForcefleasuringDevice,
L
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https://github.com/MI-FraunhoferIWM/data2rdf

Data management in materials manufacturing Watch on
Tensile test example YouTube

Home Knowledge Explorer~ Tools~ Aboutus My profile Admin~ Log out

¢ The rapid shift towards information-based and
’ interconnected development and production (s

D S M S (also) of particular importance [...]. This digital
transformation (s fundamentally changing existing
production methods and business models. Its

potential must be sustainably addressed and used
in a practice-oriented manner.

A we b a p p [ Ication fo r d Tas p aces Source: German Federal Ministry of Education and Research (BMBE)

Z Fraunhofer
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https://youtu.be/nz35ep7dYek

Data management in materials manufacturing
Opportunities of using semantic technologies

Integrate all data into one dataspace in a FAIR manner
Enriching data with meaning and link data

Make information from (external) data silos available
Enable information tracking

Seamlessly connect digital tools (interoperability)

A 2 2 & 4

—
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Semantic technologies for FAIR data management

Approaches

Different development philosophies :

« Top-down: from generic to specific

Bottom-up: from the practical to the more general - o

« Middle-Out: start in the middle and add where necessary

Various tools:
* Protégé / WebProtégé

» Chowlk / RDF Diagram Framework

« Metafactory, Corporate Memory, GraphDB, AllegroGraph, Virtuoso, PoolParty, ...

e Xlsx2owl

« Vocabulary manager -

Seite 17 03.03.2025

E DX56D_TensileTest Example File.csv [X| |

1

W~ oUW N

11
12

15
16
17

"Priifinstitut" "Fraunhofer IWM"
"Datum"™ 25.04.2024 ""
"Maschinendaten" "ZwickRoell Kappa50DS"

"Pritfnorm" "DIN EN ISO 68%2-1"
"Werkstoff" "DX56D"

"Priifer™ "Lukas Morand"
"Messlange Standardweg" 80 "mm"
"Versuchslange" 120 "mm"

"Probendicke" 1.55 "mm"

"Probenbreite" 20.04 "mm"

"Priifgeschwindigkeit” 0.1 "mm/s"

"Priifzeit" "Standardkraft" "Traversenweg absolut" "Standardweg"
"S" IINII llmll "HlI[l" llmll "H]I“"

0 81.9691 1158.37 0 0 0
.05 82.0348 1158.37 -3.93633e-05

0 1.14004e-06 -3.93633e-05
0.1 82.0854 1158.37 -5.02838e-05

0

n

1.8999%9e-06 -5.02838e-05
1.5002e-06 -6.98432e-05

A ITNTOA~A N7 0 72NN2~ NERE

Ex:DX56D

spo:hasMaterial __—

.15 82.0619 1158.37 -6.98432e-05

7 07 N20&£ 11RO 27 o 72NnN2~ NE

Ex:Test 15

"Breitendnderung" "Dehnung"

spo:hasTensileStrength_MPa

spo:hasTensileStrength_MPa SRl

Spo:TensileTest

4 spo:TensileStrength
DIN EN ISO 6892-1

spo:hasMaterial

= \
L/'/ -
B AN TemeileTest Pmdco:
Sl CiES MaterialDesignation

offen

» 260

gqudt:MegaPA

v
W
,Pascal
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Ontology development approaches
Top-down

Development Expressivity

Start from broad, high-level concepts and progress to more specific details
Process:

Define the most generic concepts, such as "Entity" or "Object."

Gradually refine these concepts into increasingly detailed subclasses or properties.

Ensure consistency and logical relationships between levels.

—
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Ontology development approaches
Top down: Example

emmo:Perspective e emmo:Perceptual ’
— ‘ ) . | Classes —

r'y EMMO
) ) ’ ReaxPro-Core \
: { k & o
Re a x | i < JI emmo:Symbolic Ird—fsé.— emmo:Language ‘
k]
Pro T
- emmo:Chemical lq_\
emmao:Holistic ' _| isa
E L 5 % 3
. I : (P ———— ‘ |
' emmo:Process }4—- ﬂ-/é"se(ﬂas!v:c':‘A' Workflow ‘ ) i )
»/’—_—’- | | | { ChemicalReactionEquati l nssfit——  ChemicalReactionMechani
i b I ol e s o L J
5
| ### http://emmo.info/emmo#EMMO_cB26e537 eadd 45f6_afed e9cdctada7d2
g A :EMMO_cP26e537 _ead@ 45f6_afed e9cdcfaBal/d2 rdf:type owl:Class ;
Simulation pan -—-l Calculation |

rdfs:subClassOf :EMMO 6a42d593 1b18 4d7d aa87 f298f9c4@496 ,
:EMMO_claB8eb86_05e2_4bl4d bf82_082d9d507eb56 ,
[ rdf:type owl:Restriction ;
owl:onProperty :EMMO 17e27c22 37el A68c_9dd7 95el137f73e7f ;
owl : someValuesFrom :EMMO_2486d1a@_allb_4250 92f6_59ba8886473f
1

skos:preflLabel "ChemicalReactionMechanism”{@en .

‘ emmo:Time

Object Property

#H#  http://emmo. info/emmo#EMMO_4d947635_13a5_4671_b631_658d3f103b3b
:EMMO_4d947635_13a5_4671_b631_658d3f183b3b rdf:type owl:Class ;
rdfs:subClassOf :EMMO_43e9a@5d_98af_41b4_92f6_0@f79a89bfce |,
:EMMO_c1aBeb86_085e2_4b1l4 bf82_02d9d507eb50 |
[ rdf:type owl:Restriction ;
owl :onProperty :EMMO_ae2dla96_bfal 4@%a_a7d2_©03d6%9e8al25a ;

owl : someValuesFrom :EMMO_79@dld4e_15cc_4e55 bS5da_9e2efceecddf ]
1 Z Fraunhofer
rdfs:comment "A \"collection\" of calculations with a specific objective (output).” ; WM

skos:preflabel "Simulation"@en .



Ontology development approaches
Top-down: Trade-off analysis

Development Expressivity

Challenges:

Time-to-application: Takes typically half a year until practical use of the application is being reached
Technoligcal barrier: Requires ontology experts

Development time: No parallel work; long iteration cycles between ontology experts and domain experts
Advantages:

Ensures a well-structured, hierarchical foundation, consistent with a particular framework

Provides a comprehensive, global perspective

Encourages reusability of ontology for various domains

—
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Ontology development approaches
Bottom-up Development Expressivity

Begin with specific, detailed concepts or instances and generalize to broader categories

Process:
Identify real-world data, examples, or use cases
Organize these instances into classes and relationships

Generalize and abstract broader categories from the specifics.

—
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Ontology development approaches
Bottom-up: Example

ID Label

Type Description |Comment

SpinneretCapillaries SpinneretCapillaries

SpinneretCapillariesDiameter SpinneretCapillariesDiameter

SpinneretCapillariesLengthToDiameterRatio SpinneretCapillariesLengthToDiameterRatio

SpinPackMeshsSize SpinPackMeshsSize

SpinPackSandBedDepth SpinPackSandBedDepth

SpinPackSandGrainSize SpinPackSandGrainSize
SpinPackTemperature

SpinPackTemperature

PumpSpeed PumpSpeed

I FuvtriidarSnaad FuvtriidarSnaad

Seite 22 03.03.2025

Number of capillaries found in the

spinneret, equal to the number of

filaments of the yarn obtained
http://www.w3.0rg/2002/07 /fowl;

Diameter of the capillaries found
http://www.w3.0rg/2002/07 /owl: in the spinneret

Ratio between the lenght and the L/D

diameter of the capillaries found
http://www.w3.0rg/2002/07 /owl: in the spinneret

Pore size of the wire mesh in the

filter in micrometers. Indicates

the smallest particle that can pass
http://www.w3.0rg/2002/07 /owl: through the filter.

Vertical depth of the sand bed in

centimeters. Indicates the height

of the sand column used in the
http://www.w3.0rg/2002/07 fowl: filter

Diameter of the individual grains
http://www.w3.0rg/2002/07 /owl; of sand

Temperature of the SpinPack
http://www.w3.0rg/2002/07 fowl:
http://www.w3.0rg/2002,/07 fowl speed of the pump

criaard at wihicrh tha avtriidar

2,92cm3/rpm
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Ontology development approaches [ Watch on ]
Bottom-up: Example YouTube

Home Knowledge Explorer~ Tools~ Docs Aboutus My profile Admin~ Log out

¢ The raplid shift towards information-based and
interconnected development and production (s

[

‘a D S M S (also) of particular importance [...]. This digital
transformation (s fundamentally changing existing
production methods and business models. Its
potential must be sustainably addressed and used

in a practice-oriented manner.

A we b d p p | IC at 1on fO r d d ta S p aces Source: German Federal Ministry of Education and Research (BMBF)

iStock®

Z Fraunhofer
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https://youtu.be/hx10x56rcGg

P e e e o e mm mm e Em Em Em o o o

Ontology development approaches | Flevated permissions |
Bottom-up: Example ' |
p: P | Add term i Export
| . . I
| Run pipeline Import |
e N pp | R |
Home Knowledge Explorer~ Tools~ Docs| About ys My profile Admin~ Log out
rFs
FOAF
DIMAT new @ D || | O | 2 Q. Search keyword
RDF
DTl Label T! Type Tl Updated byT
RDFs
ViscocityAtShearRate -//w3id.org/dimat/ViscocityAtShearRate ViscocityAtShearRate
Registered DCAT
vocabUIarles owl SupportRingRadius -//w3id.org/dimat/SupportRingRadius SupportRingRadius
and
= Dublin Core , ,
ontOIOgles StreamerTemperatureMaster https://w3id.org/dimat/StreamerTemperatureMaster StreamerTemperatureMaster
ORCHESTER
InclusionAspectRatio -//w3id.org/dimat/InclusionAspectRatio InclusionAspectRatio
EMMO
DIMAT //w3id.org/dimat/Farce
DIMAT_new
HasPart -//w3id.org/dimat/HasPart hasPart ObjectProperty
_—
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Q

Bottom-up approach in practice () Reviewer/admin
Vocabulary workflow diagram m
Reviews and

mmm——— == Existing ontologies Approves u:-tfarse
: Clients ! (DCAT, QUDT) o 19\‘ 12‘
| | <épmtégé OGitHub R D Vr(:]caanbauglgiy |l| |-I.|
| : .
, T : Triplestore Domain
. : Experts
| .
| : Mapping
| Explore I info
I module I .
| I K-item store
I Configures
I : y Integration lﬁ\
: App store ' PP
: : Programmer
: ' Data container
I | (K-item)

Python SDK I
; : Users Raw data
' | (e.g., Technician) RAW
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Ontology development approaches
Bottom-up: Trade-off analysis

Advantages:

Agile development: Application development is reached very fast; updates are done on the fly
Reduces bottlenecks by breaking down complexity into modules -  The user is independent
Improves transparency in the system as vocabularies as more easily understandable than ontologies
Challenges:

Results in duplications and inconsistencies = Requires quality control

Requires effort to align with upper level ontologies

Lacking the necessary tools and modules

Delegates vocabulary managements to users, which need to be guided

Seite 26 03.03.2025 offen
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Bottom-up approach in practice
Upcoming CWA , c E E I_E c

CEN Workshop: Vocabulary definition for domain ontologies in materials science and manufacturing

» Scope: CWA to outline a guideline and workflow for identifying and defining terminology related to materials science
applications, aimed at facilitating the creation of a domain ontology

» Motivation: Address the challenge of inaccessible heterogeneous data by promoting FAIR data management.

» Bottom-up ontology creation: Facilitates practical application and relevant term identification.

« Aim of CWA: Establish guidelines for defining terminology in application ontologies within materials science.

« Overall goal: Enable consistent and effective development of application ontologies to enhance interoperability.

—
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Take-home message
Top-down vs. bottom-up

Top-down:
&7 Usually long iteration cycles between ontology experts and domain experts

- Often creates bottleneck, can hinder progress and demotivate end uses
b Ensures a well-structured, hierarchical foundation, consistent with a particular framework
Bottom up:
& Introduces duplicates and inconsistencies = Requires a review process (automation, via NLP / LLMs)
b Fast/agile that delegates the tasks to domain experts

- But experts need guidance (CWA) and tools (vocabulary manager module)

Seite 28 03.03.2025 offen
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