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Marketplace Materials Modelling Hub
Governing Equations for Discrete Element Method i

Method — Governing equations for DEM '
* Newton’s second law for the particle phase:

m... mass (kg)
dUp FE,p, Fpw -.. particle-particle &
my, W = ZFp,p + ZFp,w + myg + Fp + Ff particle-wall interaction forces (N)

E, ... pressure force (N)
1 %

Fr ... fluid forces (N)
dwp =T If momentum

P dt —'p angular velocity
Spring-dashpot model

normal model (e.g. Hertz)

tangential model (e.g. history)

Normal displacement Sliding Rolling
rolling friction model (e.g. epsd2)
] ] S\ @ Springs
Other forces, e.g. lubrication force model —— & DashPors

.. torque
——  —0— Slider

Soft sphere method (particles overlap during
contact)
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Governing Equations for Discrete Element Method
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# M Dcs

(www.cfdem.com) (30%) (70%)
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Use Case: Segregation of Pharmaceutical Powder
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= Simulation of commercial scale tablet press feed system
» Coupled CFD-DEM model

Representative
CFD-DEM Potency API Content, Percent of Label Claim
Simulation Predictions
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‘ Adapted from Prescott & Garcia (2001)
Steady State
1.5+ -
Ketterhagen, B. : Modeling the impact of
i | powder segregation on pharmaceutical
I ST tablet manufacturing process,
05+ ;’Super-Potent . CFDEM®project
i Y user meeting 2016
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Use Case: Segregation of Pharmaceutical Powder T

v Magnitude
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—0.05

0.000e+00

40kg,
classicPSD,
low friction

&

Ly X

Time: 298.000000 (deltaT=0.01s) middle slice

Ketterhagen, B. : Modeling the impact of powder segregation on
pharmaceutical tablet manufacturing process,

CFDEM®project user meeting 2016
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https://vimeo.com/219836723
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Industrial Usage of DEM Simulation — BASF Example
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» Particle based simulation in general is on the rise, example by BASF
= Advances in Simulation of industrial solids processes
» Talk by Dr. Stephan Schenk, “Digitalization in BASF R&D”

Simplified system
» Run time: 4 weeks

» 25,000 particles

» Mixing characteristics

Complete Equipment
» Run time: 3 weeks
» 250,000 particles

+ Residence time distribution

g rrrrrrrrri

Digitalization in BASF R&D
O -BASF More physics in less time
S S R S » Run time: 1 week (expected)
» 10 million particles

+ Temperature, Chemical reactlons[

Dr. Stephagchenk

20170092 9
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The 4 Vs of Big Data
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Understanding the 4V's of Big Data
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Data at rest Data in motion Data in many forms

Terabytes to exabytes Streaming data, Structured, unstructured,

of existing data milliseconds to text and multimedia

to process seconds to respond

Uncertainty abounds
- requires statistics
and probabilities

Data complexity is
increasing — Model
complexity

Performance is
Critical to Success

Normally the focus -

Big Data Analysis is
more than just size

Eric Little (OSTHUS, US) : Beyond the Models: Applying Semantic Technologies Across the Enterprise, EMMC
Workshop 2018
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Interoperability of Data COMPUTING
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| Make Data FAIR (Findable, Accessible, Interoperable Reusable)

Analytics Tools Visualization Reporting
simulations dashboards regulatory
statistics exploration — - internal cee
reasoning @ search - @0e external
A -

Data Science (machine learning, text analytics, clustering etc.)

Lightweight Semantic Integration Layer

(semantic RMDM, APls, semantic indexing, data annotation, catalogues, meta data and linking)

| l

==
—_— AR

=

M

S—
Instrument Operational DBs Semi-structured Unstructured  Semantic
Data Data Documents  Graph DB

Linked Of

Eric Little (OSTHUS, US) : Beyond the Models: Applying Semantic Technologies Across the Enterprise, EMMC
Workshop 2018
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Semantics is Key
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Semantic Spectrum of Knowledge Organization Systems

strong semantics

description logic, rules
OWL

Ontology

formal instance-of, properties,
cardinalities, constraints
UML, RDFS, OWL lite, SHACL

Conceptual Models

semantic Taxonomy formal i_s-a,.subc‘lass-of
interoperability foral hisiacchy) 4 DgFegerahzat:on hierarchy

‘has narrower/broader meaning than’, synonyms,

association relations
SKOS

structural and syntactic 2§ h esaurus

interoperability

informal parent-child (directories, table of contents, XML ...)
XML

Informal Hierarchy

(weak Taxonomy)

glossary, dictionary
controlled vocabulary, set of terms, catalog ID

List
weak semantics

Deborah L. McGuinness. "Ontologies Como of Age". In Dieter Fensel, Jim Hendler, Henry Lieberman, and Wolfgang Wahister, editors. Spinning the Semantic Web: Bringing the World Wide Web 1o Its Full Potential. MIT
Michael Uschold and Michael o and for connectivity” SIGMOD Rec. 33, 4 (December 2004), 58-64. DOI=http://dx.dol mwto 1145/1041410.104 1420
Leo Obrst “The Ontology Spectrum” Bool udnon in of Roberto Poli, Michael Healy, Achilles Kameas “Theory and Applications ol Onloiogy Computer Springer 17 s-gm

Leo Obrst and Mills Davis *Semantic Wave 2008 Report: Industry Roadmap to Web 3.0 & Dollar Market Oy

Eric Little (OSTHUS, US) : Beyond the Models: Applying Semantic Technologies Across the Enterprise, EMMC
Workshop 2018
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Slide title ComPoTING

JCS

MARKETPLACE is to |everage The MarketPlace Web-Platform

reCent Software englneerlng and Modelling & Data Services Knowledge & Translation Services
ICT advances to collect, adapt and APPS | WorkdlowBullder Mkt ot e
Integrated OSP

integrate all scattered modelling
components from all fragmented
materials modelling and industrial ntoroparsiiily Luyer

L. . . Commeon Standard Interfaces for Databases & models (APl) Metadata EMMO IP
communities and provide a single

point of access - an on-line

Databases Models

Intangible (ICT) components

gateway -to all materials ‘ External Resources: Databases, HPC ‘
: W > )
Z Fraunhofer P8 ) BOSCH ™ ._ ﬁ ’ -(I ﬂ-
W = crystalsol ENTHOUGHT i ronvticnioy:

e g |
<G gg:gﬁf%‘;(s (j rg FJJ | J J:J’ _d Haute ecole d ingenierie et d'architecture Fribourg m ((MTq
: @NTNU =
l urederta Mnanomateriaha’ Norwegian Unnerstyof 1 wnteuns < 83 SINTEF
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Marketplace EU Project COMPUTING
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Databases // Translation // Catalogues // Training // Apps // Workflow Builders

| |

MarketPlace Platform

Read Read
v l ﬁVrapper instance \
Catalogue / : \
Wrapper instance
of DBs Ga'ﬁ"_‘f‘_"av PP

-

Standard API 6 «>§\’

(

-— \Q// " /

Standard APl Standard APl

ey | [

Integrated database services interoperability

Ontology- and wrapper-based
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Intangible and Tangible Components
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Infrastructure (intangible components) vs Populated Marketplace (w/ tangible components)

W4 g T 2
=y

'Ilh .
= L m :.g.,
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!
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Integration of Software & Databases via Wrappers =
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Wrapper

LAMMPS

Wrapper

Internal services

Semantic Service
Integration Service(s)

Wrapper

VASP Wrapper
COD
(database)

m Catalogue of Materials Databases v

SEARCH THUMBNAILS | LIST
Search
a i /
e ceppB CO@ #=
: \ Property
General info — —
Includes
[ Homepage
American Mineralogist ASM Alloy Phase Computational Phase Crystallography Open Global Powder
Descri ption Crystal Struc Diagram Database Diagram Database Database Metallurgy Property D
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Interoperability based on Open Standard / Ontology
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CUDS = common Universal Data Structure based on EMMO (European Materials Modelling Otology)
Interoperability based on Open Standard

Connecting new Tool to Platform automagically connects to all other tools
onboarded (no N2 effort)

Semantic Layer Interoperability Layer Syntactic Layer
T e Cuds Ch
g add . Erun ATl
© ‘get ; ‘check_cuds P :
O ‘remove : ‘update_cuds § e
$ ‘update : :add :  ichildren
@ ‘iter : :get 3 B
m ‘run : ‘remove
g : : :
@ :
Z i
-, 95 :20¢
¥ A4
__init__ run_engine X engine specific
_ str__ add_by_type check_all commands
get >
remove_by_type -
update_by_type w
—_— > >
User — ™
o )y 80%
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Use Case: Ceramic Injection Molding
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Ceramic powder Mixing + melting
_&_@ \\ Injection molding
‘ ba Granulation Feed stock
Thermal debinding
Feed stock Injection moldmg Green part
\ \ Sintering
Green part L Brown part \ \ %
Thermal debinding e S8
Brown part Sintering Flmshed part

(used for dental implant)
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MODA = Use Case Description COMPUTING
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L User case input Physics equations Physical quantities Post-process. output
‘\%
mixing Discrete model Particle mass, Min. and max.
& for particle positions, polymer
granulation dynamics (DEM) velocity, forces, concentration

etc.

Atormist Discrete model Temperature, PVT behavior,
. orIm:: Ic for atomistic humber of zero shear
Imulations simulations atoms, mass viscosity

parameters

NANSYS

FLUENT 2 .
malding odel for celocty il et
i velocity field,
molding model for fluid

\ distr., pressure
mechanics stresses, ) Pre ’
temperature weld lines

DCS Computing GmbH
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Development Cycle Around Use Case Description

(ressources, cloud services,...)

Components

& Elements Simulation

Workflow

MarketPlace

|
‘ . .
Data Run Simulations

“Appification”
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Marketplace Materials Modelling Hub
Conclusions CoMPUTING

JCS

What will the future bring?

» [ncreased availability of resources leads to more data being generated
» FAIR data will be of highest value

» Interoperability of data is needed

»= Ontology- and Open Standards based
interoperability is needed

» Standards on use case description is beneficial
for multi-scale modelling
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Want to become Part of the Story?
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Open PhD position

www.dcs-computing.com/open-jobs g
UNIVERSITY OF TWENTE. Wl i
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