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MaterialDigital — working towards a (global) materials data space M;-';;mm,m

* Encompassing all available materials data a

* Semantic interoperability

* Standardization and conformity s i TP Pt | b
* FAIR data : '
* Comprehensive searching combining w

information from different sources and subfields
» Data analysis beyond the own/proprietary data
e Applicability of tools, scaling

* Implementation of the material dataspace is based on
standardized architectural components and the community




MaterialDigital — Phase 1
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MaterialDigital — Phase 1 — Interoperability M;;'mm.m
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MaterialDigital — Phase 1 — Interoperability
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PMD Core Ontology — PMDco Taa gL

Ontology development by domain experts
using an entry-level example
5 Tobos Mok’ Beeng

Ebeahim Norowaf, jorg Watsoox’, Marion Niebe', Tho
Wer
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PMDco

 Semantic umbrella for MSE

» Mapping to higher level ontologies
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PMD Core Ontology — PMDco

MATERIALDIGITAL

Processes

Analysing Process

Simulation Process
Assembling Process
Measuring Process

rdt:iype

T-Box

3

Processing
Nodes

Furnace

Measuring Device
Computing Node
Some Speclal Machine

rdf:(yp«-

Objects

A Plece of Material

An Image (e.g. Microscopy)
A Sample or Testplece

A Region of Interest of sth,

rdt:fype

A-Box

[ ex.process_1

]—nmd:participant
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pmd:executedBy oo ){ ex:node_1
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PMD Core Ontology — PMDco Taa gL

e pmd:characteristic
pmd:characteristic

pmd:characteristic

pmaicomposes

pmd:component

pmd:input/output
pmd:executes/executedBy

pmd:nextProcess




PMD Core Ontology — PMDco

Example

Steclisheet is
heat-treated

Tensile test plece

is sampled from

heat-treated
steelsheet

Tensile Testing

Heat-treated
steel sheet is
cutted
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PMD Core Ontology — Publications
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Lutz Madler, Harald Sack

PMD Core Ontology: Towards Semantic Interoperability in Materials Science
Bernd Bayerlein, Markus Schilling, Henk Birkholz, Matthias Jung, Jorg Waitelonis,

The Intersection between Semantic Web and Materials Science

Andre Valdestilhas, Bernd Bayerlein, Benjamin Moreno Torres,
Ghezal Ahmad Jan Zia, Thilo Muth

Accepted for publication in Advanced Intelligent Systems
PMDco

https://github.com/materialdigital/core-ontology
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https://github.com/materialdigital/core-ontology

Tensile Test — ISO Standard ,..;émmmm

INTERNATIONAL ISO
STANDARD 6892-1

Third edition
2019-11

Metallic materials — Tensile testing —

Part 1:
Method of test at room temperature

Matériaux métalliques — Essai de traction —

Partie 1: Méthode d'essai a température ambiante




Tensile Test — Data structure

INTERNATIONAL ISO
STANDARD 6892-1
DIN NA 062-01-42 AA “Zug- und Duktilitatspriufung fiir Metalle”

2019-11

Metallic materials — Tensile testing —
Part 1:

Method of test at room temperature
Matériaux métalliques — Essai de traction —

Partie 1: Méthode d'essai a température ambiante

=

Tensile test for
metallic materials
Data structure
Secondary data

... which allow the evaluation of the quality /
reliability of the measurements

Metadata

... which allow a systematic search task of » database




Tensile Test — Data structure iy

Dimunsional analysis

7

Register of the complete setup (e.q.
Symbol according to 15O 6893-1

sketches, photos or videos)

Data scquired betfore | sfter a tensile test
{e.g. a0, bo, do, au, bu, du, Lu) Unit (e.g. S
Tensile test for
metallic materials

Temperature of the test piece as
measured at the beginning [ during Primary data
the tensile test IS0 68g3.2/5/-4 Crosshead separation

Change of a transversal dimension
e.g.150 10113:2020-01

ISO 6892-1:2019-11, Annex A




PMD — Data Pipeline | Ontologie
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Canonicalization
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Data Generation
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(csv, xIsx, pdf, etc.) + Key-Map Simulation
(+ T-Box/Thesaurus)
Coupt

Canonical O - P ¢

via PMD 8,
OntoDocker "

incl. human/machine
generated data

+ final annotation
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PMD — Workflow

MATERIALDIGITAL

* Connection between Ontology
and Workflow

* Server network

Equipment L
Equipment I

5 el * Reproducibility

a]lection . F|eXIb|||ty

visualization
validation

user perspective




PMD — Demonstrator I'l.'li;ITEHIAlI]I[iIIM
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Canonicalization > Mapping > Storage
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PMD-S — Network Prototype WIERLDIIL

PMD architecture prototype
builds on state-of-the-art
components:

e = Fraunhofer

WM

# Secure data transfer within
the mesh (WireGuard)

# Authentication/Authorisation
(KeyCloak)

# Containerisation of
individual services (Docker)
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PMD-S — Network Prototype

MATERIALDIGITAL

PMD CORE

WireGuard
AppControl

KEYCLOAK APP | APP 11
OAuth E.g., E.g.,
UserControl || OntoDocker Pyiron/

SimStack

»

ETF'
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»

-#dacker
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Linux OS +

=
e Docker Compose
e Application Container Management

Internal

Network

Interface

Virtual Machine / Hardware

] Resources
~—

R
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~ Data-
Resources /

Services

N~

Local Resources

External Network Interface

Remote PMD-S

g
>
- Remote Resources

Legend:

WireGuard (

v

App Communication

Linux
Container

# All PMD-S Server

have the same
structure

# Connectivity
# Security
# Flexibility




GlasDigital — Glass Melting Device M;.}:';M.]'{g.m
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Glass melting ~ Fraunhofer

LN

3 furnaces for

Up to 20 crucibles

controlled cooling

Control balance
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GlasDigital — Ontology-Based Digital Infrastructure othinr A
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GlasDigital — Glass Data Space

FRIEDRICH-SCHILLER

> UNIXERSIT?ST

Analvsi is input
nalysis Material
Process e
S Qutput <
. : i Quantity
N T p subclass . subclass Value
on-lansrarm.
Transform. Manufacture  Data (.
Analysis Process . Units
Process PmdSiUnit
has instance « Connectors
« Workflow (Python)
Glass ontology B vos  SomEonen
.B. SiO,
RFDA TA Glass |l oo
Raman i
DSC DIl  DSC Component - «
XRF . e
b Viscometry has output - Pa .
ycnometry
Rot BB PP - Pa
Raw- e
Material
has next process
= RIS S A LB - W Bundesminsierum
; BAM Z Fraunhofer m ['U Clausthal ;mxsnsrmr T _:'QI’:\.: HVG-DGG ulass-ﬂ:- i * i
- S MATERLILDIGITAL

IsC



Glass Ontology Based on PMD Core Ontology (PMDco 1.0)
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Class from
PMDCO

subclass of

. has input raw material
Raw Material b SRR Process ot

A

Analysis Manufacture
Process Process

sodium
oxide

relations
Non-Transform. Transform.
Analysis Analysis

Process Process
I .
I Material e
viscosity
Differential Scanning| has next has optional Property
1

Calorimetry process process

batch MW crystallization has material

aluminium oxide process process property
\ 4

boron
trioxide

I cooling haS Value elastic
silicon melting process g constant
= Raman viscometry process v
dioxide spectroscopy Quantit

| ~-____-% y

Value

120 more

has next process

N e !
{*F|HVG-DGG lassAC... b4

2 BAM  Zfraunhofer [0/ v ) e

IsC



premelt heating
rate

melt heating rate

cooling rate

IsC

has process
parameter
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Process
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Glass Ontology Based on PMD Core Ontology (PMDco 1.0)
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Class from
PMDCO
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has material
property
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GlasDigital

Dr. Ralf Miller

ralf.mueller@bam.de
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Machen Sie mit!
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https://www.bam.de/Content/EN/Projects/GlasDigital/glasdigital.html
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