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The Project

INTEGRATED COMPUTATIONAL/EXPERIMENTAL
MATERIAL ENGINEERING OF THERMAL SPRAY
COATINGS

CoBRA'N

* Protective coatings against wear and corrosion play a critical role in strategic industrial
fields

 Extanttechnologies have considerable drawbacks in terms of sustainability

v’ Electroplated Cr is a safe material, but its deposition involves the use of
carcinogenic Cr® compounds subject to authorisation under REACH Annex XIV

v’ Electroplated or electroless Ni(P) or Ni(B) based layers also use hazardous raw
materials and result in coatings that might be less safe

v' Thermal spray WC-Co-based coatings utilize carcinogenic materials — Co —
as well as critical raw materials (CRMs) - Co, W

= ldentify novel formulations, exploiting the versatility and low environmental impact of
thermal spraying to produce alloy and hardmetal coatings free of toxic/critical materials.




The Project

- High-entropy effect

Multi-element systems often consist of one (HEASs) or two
main phases, instead of a wider range of binary or ternary
solid solutions and intermetallics, because of the stabilizing
effect of the large entropy of a multi-element random solid
solution (AG = AH - T-AS)

- Lattice strain effect

The mismatch in atomic radii result in lattice distortions

Materials space that increase strength

Multi-principal element metal matrix and carbides - Sluggish diffusion effect o |
The distorted lattice hinders long-range diffusion, which

High Entropy
Alloys - HEA

Elements for HEA metal binder Elements for hard phase also results in better high-temperature stability
SRR IR “Cocktail” effect
Non-linearities and unexpected synergistic effects may
sometimes yield somewhat unpredictable outcomes

126 equiatomic combinations of 4 or 5 elements
62370 cermets (without composition optimization)

Need to combine experimental development,

=)

physical modelling & artificial intelligence
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1. Planning

CoBRAIN Data Management Plan

All datasets from experiments, modelling and
characterisation, are documented in the DMP.

The tables are divided into SHARED DATA and LOCAL DATA:

SHARED DATA and METADATA Information that is uploaded
in the CoBRAIN Knowledge Base: it has to be in the form of
numerical or string values (rdfs:literal). For data which are
not in the form of rdfs shareable values (i.e., images, XRD
plots) quantitative values must be provided and/or its
location specified using URIs or similar.

LOCAL DATA Information that is kept at partner premises:
for these data a curator must be identified, and it is
specified whether the data are openly shareable on request
or confidential.

o Did they plan a priory which data they needed, and how to extract knowledge from it?
o Did they work with Data Management Plans?

Nanoindentation - High speed 3D mapping

SHARED DATA and METADATA

Field Description

Sample ID String: Sample name and identification number of test.

Sample description String: sample composition and production information.

Test definition String: Type of test and instrument name (i.e. Nanoindentation-High spead 3D
mapping, MTS G200).

SOP file name string: indication of the file name containing parameters of measurement (i.e.
acquisition rate, max load, loading rate, approach speed etc.) .

Measurement Date Time dd/mmy/aaaa hhimm:ss

Indenters String: type of the indenter (i.e. Berkovich); serial number; material of the
indenter

H, E maps Data for 3D hardness and modulus maps (i.e. hardness value for x-y positions).

LOCAL DATA
Field Description
Sample ID String: Sample name and identification number of test.

Measurement file

.mss, located in UNIROMAZ's servers, contains all the information related to
the measurement, and the complete raw results.

Indentation map

.PNG, located in UNIROMAZ's servers, contains pictures of the indentation
maps, (i.e. applied load [mMN] vs penetration depth [nm] ).

Indentation Data

dat, located in UNIROMA3's servers, contains all data from raw to final to
obtain 3D map (i.e. applied load [mN] vs penetration depth [nmj ).

.%‘gﬂ?gﬂﬁ ST W] e )

Elastic Modulus (GPa)
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o Did they plan a priory which data they needed, and how to extract knowledge from it?

1. Planning

o Did they work with Data Management Plans?

Original Architecture
SHARED DATA and METADATA

Field Description

Sample ID String: Sample name and identification number of test.
M ETA DATA K B Sample description String: sample composition and production information.
(e.g., xsd dataypes) Test definition String: Type of test and instrument name (i.e. Nanoindentation-Pillar splitting,
MTS G200).
virtualisation SOP file name Strinc:]:' ipdication of the file name containing parameters of measurement (i.e.
acquisition rate, max load, loading rate, approach speed etc.) .
; Measurement Date Time dd/mm/aaaa hh:mm:ss
reference to Indenters String: type of the indenter (ie. Berkovich); serial number; material of the
full data indenter.
S H A R E D DATA re posito ry Curves Indentation curve: Load applied [N] vs penetration depth [m].
(no access, only Pc mN, the value of the critical load, identified from Indentation curve: (Load
reference) applied [N] vs penetration depth).
r
I _: Ki¢ MPavm, the value of the fracture toughness calculated from the value of the
| |, critical load.
~7
LOCAL DATA

LOCAL DATA

Local Repositories

Field Description

Sample ID

String: Sample name and identification number of test.

Measurement file

.mss, located in UNIROMAZ3's servers, contains all the information related to the
measurement and the complete results.

Indentation Data

.xls, located in UNIROMA3's servers, contains data, exported from .mss, needed
for fracture toughness calculation (i.e. applied load [mN] vs penetration depth

[nm]).




o Did they plan a priory which data they needed, and how to extract knowledge from it?

1- Pla n n l ng o Did they work with Data Management Plans?

Abstract knowledge (T-BOX)

Real entities (A-BOX)

RDF schema values
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Data Federation is possible i.e. data can be made directly
reachable from the KB through mapping with the graph database
vendor querying system.

é \_//
File External DataBase
Repository (no API interface)

N~ N~

Data are not directly reachable from the KB
but provide users with information about their
location and accessibility.

OTE Capabilities
(from OntoTrans and EMMC)

1.

4.

5.

Representing manufacturing process
challenges in a standard ontological form as
technical and business Innovation Cases

. Connecting innovation cases with existing

appropriate information sources i.e.
available data and materials modelling
solutions

. Recommending consistent materials

modelling workflow options

Supporting simulation and validation
activities

Providing semantic results interpretation to
facilitate sharing and re-use of innovation
cases and results



C o Did they look for existing semantic assets to prepare for interoperability?
1. Planning

How to extract the knowledge from domain
experts for an ontologist to create a formal
representation of the domain knowledge (T-
BOX of a Domain Ontology)?

OntoTrans Conceptualisation Template!

Gathering and formalising a domain knowledge is done
through the process of conceptualisation, i.e., by identifying
ontological concepts in the form of classes, relations, and
axiomatic constraints that cover the domain of interest.

Domain Expert Level

To overcome the barriers coming from the lack of expertise in
ontology engineering, the OntoTrans project has developed a
methodology for the interaction between the translator and
the industrial stakeholders, aimed to facilitate collective
contributions to the conceptualization effort.




C o Did they look for existing semantic assets to prepare for interoperability?
1. Planning

DESCRIBE RELATE
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C o Did they look for existing semantic assets to prepare for interoperability?
1. Planning

A Slm |e Visual summar Of % isConstituentOf  jsconstitutiveProcessOf fSPfﬁ}D_E’_f’f’O'_f’_WE-’}?f_i”’l?fOf fs_S_u_b_p_r?E?s_s_C?j
P y s | ] B AR R
EMMO fundamental S Re—
ontological relations has
been prOVi d e d to th e users T g isSubObjectOf isBehaviourOf isStatusOf isStageOf
Q , . - gl -
to let them understand 9 5 ' _
a &

how an ontology formalise
the relations between

T
1

entities.
isAddedTo isOutputOf affects contributesTo
e o e
o (B B8 A SRl el rnens
A isRemovedFrom isinputof partakesin participatesTo
- xS T | I_____: pm————y : :
O 1 A : | phes | : :
Q. e, T .

——time
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o Did they look for existing semantic assets to prepare for interoperability?

1. Planning

4D conceptual representation of a Thermal Spraying process, connecting
all the relevant entities using EMMO mereocausality relations, to

document the overall state of things.

_______________________________________________________

[}
| ——
1 Thermal Spray

E: Gas feeding !
AR e | Gas supply system
““““““““““““ ] =
{ Substrate preparation : : ' | | Propellant gas _ _ 1
' = i N-HGR 1 [ I T 2 Thermal Spray Torch !
: I b : billscancincin e ’ '. :
| prosmsemsessy  pammsmesmens  peesmeceeces, [HGSREOI-E ] | Spray et —1 i Costing
; i Roughening : i Cleaning : : Tooling ! ! E : m: | ¢
| substrate#0 |9 5 Substrate#1 || substrate#2 || = Substrate#3 '
S T A A : —
Fixture#1 || | Fixture#2 :
i 4 R
--------------------- i EPuwder Fe.ading-i
. Powder Feedstocl:c
Thermal Spraying System
ThermalSpray e e e e )
| Deposition |
(] |

i Pre-heating i E Stabilization ,
i
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o Did they look for existing semantic assets to prepare for interoperability?

1. Planning

4. DATA PROCESSING

MODA and CHADA templates have been used
mainly to document modelling and

4.

-

Level of expertise

Little expertise: Person can read out results directly

Data

Nane

narmalicatinn

Vickers tip residual imprint

[] [] X coordinate —um
3.2 | Unit
characterisation workflows i
. _
2L EFEE »f the diagonal
sent to the
I nature and ch ive or ol ) of the probe with the sample

Their ontological representation has been
simplified since we had to focus more on data

- . | Probe/Physics  of
1. USER CASE

- Elastic Deformation: As the diamond indenter contacts the
material's surface, it exeits a force, causing elastic deformation
in both the diamond indlenter and the material. Elasfic
deformation occurs when the atoms in the matenal are
displaced from their equilibrium positions but return to their
Arininal nneifinne nnea tha farra ic remover

‘he material's
deformation
1.1 USER The user must be properly trained in the execution of the experiment, - dislocations
including the simple manual operations that need to be performed with | oo™ 0o sociates the value of the residual
. . . accuracy. s 2d during the test and generates
| I I a p p I | I g a I l d I I I g< St I O | I . 1.2 User case (sample No specific Sample dimensions is required for the test, however, it is stermined by
OVERVIEW OF THE CHARACTERISATION nd polished. nd the depth |ierefore only one hardness value:
| ressary to evaluate the sufficient
rial, coating, basic statistical analysis.

Vickers Micro-Hardness

Environment: Laboratory air, room temperature. F the required size ure the force
Level 1: e - | - : | i ) -
b : Microscope video = s P
E_ﬂre!iaraﬁ_on l‘/ Sample }—)SEIMW M\;EHZE’ Ride ey b S?.mofn aitest;oga_tz;, \—blcalibratwon. setting zero of | Testing Tip cleaning 2 Characterisation  Hardness Value Determination.  Additionally, the Vickers ‘7::2 W::'f';zi:::, ¢
r'g I__ac t_lne b Nt LI, (U S DU o | the misure | | method microhardness test can be combined with other characterization Ve v
AprEon B \ J = - techniques to gain further insights into the material’s properties:

s combined with microstructural analysis using microscopy ]
techniques can provide a correlation between the load and the
material's microstructure and its hardness properties; -

» Phase Identification is possible

e f identifying variations in hardness;
Le]};eltz (e " Selction of Vickers indenter Selection of test locations, objective, et | T Raw data- *  Depth Profiling. combined with indentation depth
ki |, PETRe and Load focus and brightness b | IPLERING | marking measurements to assess the hardness as a function of
Execution b ‘ depth below the sample surface.
3 Validation of Vickers microhardness not only provides information about the
Characterisation  hardrless, but can also be used to assess other mechanical
properties such as cohesion, and adhesion of the coating to the
R L substrate. Hardness measurement can be correlated with other
T T e e eteeoceceseaaaasas smmseg coating properties and help evaluate its suitability for specific
- applications.
Level 3: y T | Marking | | Property:
Data post | Sample )—h measuring > Vickers Micro- 4 Access The sample preparation requires an in-house routine.
processing _— | | Hardness conditions (what
e — is needed to The characterisation tool requires an in-house routine.
repeat the

1 User Case

experiment)

Any solid sample can be tested included bulk material, coating,
heterogeneous material  biomaterial and no specific Sample
dimensions is required.

3 from a (coated)
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o Did they look for existing semantic assets to prepare for interoperability?

1. Planning

https://github.com/cobrain-project

CoBRAIN Thermal Spraying Ontology
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File Edit View Reasoner Tools Refactor Window Help v = ‘SCOUS&'RC‘&(MTO
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Classes Object properties Data properties Annotations Usage @ AVEOAEE x< M . indi
— g : ThermalSpray ATEBE| : - indirectiyAffects
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» () Data ThermalSpraySystem &
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v O SupplySyst - s e T B s SubProcessOf
v ;:plrySu{:pl.y';ynom ClquidFuelSupplySystem > (AirSupplySystem ) (PlasmaSprayTorch ) ( HVOFTorch ) (ColdSprayTorch ) ( HVAFTorch D
eL}&G&;Sul:glySylﬂ;m — _ — A = — — — S —— — S—— v = IsTemporalPartOf
iquidFuelSupplySystem | |
= W isBehaviourOf
¥ () ThermalSprayTorch = ‘ - =n |ssmgeo'
ColdSprayTorch e —— . e ~~ :
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@ PlasmaSprayTorch B is SubObjectOf
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@ PowderFeeding @ inverse (isC 0f) some T N isAddedTo
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o Did they look for existing semantic assets to prepare for interoperability?

1. Planning

EMMO-LITE has been used as a
reference ontology, to facilitate
usage by non-EMMO experts

& EMMO-LITE Ppublic

https://github.com/emmo-repo/EMMO-LITE

EMMO-LITE
g gntﬂlggy Public

https://github.com/cobrain-project/ontology

CoBRAIN Ontology

CoBRAIN project

14



o Did they purchase software and or equipment to produce data?

1. Planning

ontotext Products Solutions Applications Services Knowledge Hub Company

Key point for the CoBRAIN
Knowledge Management
Platform design:

Ontotext Refine

Turn Strings into Things

Ontotext Refine (OntoRefine) is a free application for automating the conversion of messy string data into
a knowledge graph.

The tool supports analyzing the input data, applies various data cleaning and transformation algorithms,

maps the string values into knowledge graph concepts and imports the generated model into

N O W h ee | re i nve nti n g ! The appli;z:»tlon is Ibased on the pIT)puIar OthReﬁne tool ahi mcludedsg ws:gIBRDZma'ppingS; imerfacg,. )
The overall system must rely on
eX I Stl n g CO m m e rC I a | to O | S W I t h ontotext Products Solutions Applications Services Knowledge Hub Company
free-to-use licensing option
and W3C standards that have
reached a significant level of

. GraphDB allows you to link diverse data, index it for semantic search and enrich
m at u r | tV' it via text analysis to build big knowledge graphs.

Ontotext GraphDB

Get the Best RDF Database for Knowledge Graphs

15



o How is data acquired?

2. Acquiring

o Are meta data acquired?

Original Architecture
SHARED DATA and METADATA

Field Description

Sample ID String: Sample name and identification number of test.
M ETA DATA K B Sample description String: sample composition and production information.
(e.g., xsd dataypes) Test definition String: Type of test and instrument name (i.e. Nanoindentation-Pillar splitting,
MTS G200).
virtualisation SOP file name Strinc:]:' ipdication of the file name containing parameters of measurement (i.e.
acquisition rate, max load, loading rate, approach speed etc.) .
; Measurement Date Time dd/mm/aaaa hh:mm:ss
reference to Indenters String: type of the indenter (ie. Berkovich); serial number; material of the
full data indenter.
S H A R E D DATA re posito ry Curves Indentation curve: Load applied [N] vs penetration depth [m].
(no access, only Pc mN, the value of the critical load, identified from Indentation curve: (Load
reference) applied [N] vs penetration depth).
r
I _: Ki¢ MPavm, the value of the fracture toughness calculated from the value of the
| |, critical load.
~7
LOCAL DATA

LOCAL DATA

Local Repositories

Field Description

Sample ID

String: Sample name and identification number of test.

Measurement file

.mss, located in UNIROMAZ3's servers, contains all the information related to the
measurement and the complete results.

Indentation Data

.xls, located in UNIROMA3's servers, contains data, exported from .mss, needed
for fracture toughness calculation (i.e. applied load [mN] vs penetration depth

[nm]).

16




o How is data acquired?

2. Acquiring

o Are meta data acquired?

METADATA

(stored in KB as e.g., xsd dataypes)
r
SHARED DATA
(stored in KB as e.g., xsd dataypes) <
-

SHARED DATA and METADATA

Description

String: “Volume di una buca o un picco:” followed by a shortened
orm of the string indicating the name of the original file and the
elaboration operation

File name

iString: Original profilometer file including path

Date/time

yyyy/mm/dd hh:mm:ss: date and time of elaboration

Hole surface

pm?2: area of the projected surface occupied by peaks, followed by
a string listing the complete sequence of operations leading to the
elaborated profile

Peak surface

um?: area of the projected surface occupied by peaks, followed by
a string listing the complete sequence of operations leading to the
lelaborated profile

Hole volume

pm?: overall volume of the hole (below the reference plane),
followed by a string listing the complete sequence of operations
eading to the elaborated profile

Peak volume

um?: overall volume of the peaks (above the reference plane),
followed by a string listing the complete sequence of operations
leading to the elaborated profile

Maximum depth (hole)

pm: maximum depth of the hole (below the reference plane),
followed by a string listing the complete sequence of operations
eading to the elaborated profile

Maximum height (peak)

um: maximum height of the hole (below the reference plane),
followed by a string listing the complete sequence of operations
leading to the elaborated profile

Average depth (hole)

pm: average depth of the hole (below the reference plane),
followed by a string listing the complete sequence of operations
eading to the elaborated profile

Average height (peak)

um: average height of the hole (below the reference plane),
followed by a string listing the complete sequence of operations
leading to the elaborated profile

Obijective

String: Magnification of the objective employed in the
measurement [optional, user-typed, inserted in the first
measurement file]

Step

um: z-scan step size [optional, user-typed, inserted in the first
measurement file]

17



2. Acquiring

o How is data acquired?

o Are meta data acquired?

Unfortunately, local data management in the form of local query-able databases (e.g., MongoDB, SQL) as foreseen in the

GA was not a realistic possibility for partners... so we dropped virtualisation
SHARED DATA and METADATA

Field Description

METADATA

(e.g., xsd dataypes)

SHARED DATA

LOCAL DATA

reference to full data

repository
(no access, only reference)

Local Repositories

Sample ID String: Sample name and identification number of test.
Sample description String: sample composition and production information.
Test definition String: Type of test and instrument name (i.e. Nanoindentation-Pillar splitting,
MTS G200).
SOP file name String: indication of the file name containing parameters of measurement (ie.
acquisition rate, max load, loading rate, approach speed etc.) .
Measurement Date Time dd/mm/aaaa hh:mm:ss
Indenters String: type of the indenter (ie. Berkovich); serial number; material of the
indenter.
Curves Indentation curve: Load applied [N] vs penetration depth [m)].
Pc mN, the value of the critical load, identified from Indentation curve: (Load
applied [N] vs penetration depth).
K¢ MPavm, the value of the fracture toughness calculated from the value of the
critical load.
LOCAL DATA

Field Description
ample ID String: Sample name and identification number of test.

Measurement file

.mss, located in UNIROMAZ3's servers, contains all the information related to the
measurement and the complete results.

Indentation Data

.xls, located in UNIROMA3's servers, contains data, exported from .mss, needed
for fracture toughness calculation (ie. applied load [mN] vs penetration depth

[nm]).

18




o How is data acquired?

2' ACqUIrlng o Are meta data acquired?

Data are acquired and stored locally using partner’s specific methods and formats.

Most of them are Excel tables. Some data are in JSON format (unfortunately not JSON-LD).

Example of tabular data providing HVOF process details.

puIITI Ly

Sample ID Nominal Composition Lot. N. Substrate Date Runn® length width FRH: pH: FRO: p 02 FR,p Air Pwdr. Feed Standoff Pitch Speed n®cycles e passes weightin weight fin weight in weight fin weight in weight fin gain sprayed mass efficiency
mm mm FMR psi FMR psi FMpsi g/min mm mm mm/s g g g g 4 g g g g
AlO(CriVinFeNi)+60TiC RUN1 AIO(Cr20Mn25Fe40Ni15)86+60vol%TiC 1364-N-23 AlSI 304 19/02/2024 1 60 25 56 140 30 170 35 100 20 250 5 750 13 3 3 34,67 37,76 34,35 37,5 34,26 3735 311 52 59,8

19



2- Achiring o How is data acquired?

o Are meta data acquired?

Co-BRAIN

Ideal solution: a new project that implements a full framework for
assisted/automated data collection for all CoBRAIN datasets, providing a
built-in semantic enhancement of data

Proposed Solution: UNIBO will refactor all collected data, providing as-
much-as-possible constrained templates for data collection (“if you can't
beat them, join them”)

METADATA DATA
Zample Tast Indenter
Production
Sample 1D Compositicn Infermaticn Crrigin 1D Test 1D Test Type Instrument 10 S0P File DateTime Type S/M  |Material] Indentation Curve P KIC
some text sbout sample [file-/femanuele@ kant. unibo.it:22 hom e
FOODOE [[Cu,Zn], [55,35]] production yCvzdT hzbaaz  |pilarsplitting MTEE200-1 Jemanusle fle3 et 12/3/2023 11:54Berkovich pouc3z W [[L.2,3], [L.2.3]] 13 34
[some other tewt abowt [file/femanueleE kant. unibo.it: 22/ home [14,3/2023
TatoRe [[Cu,&5], [Zn,35]] lsample production lyCwzd T fpos=UT  |Rilarspitting hTSE200-1 Jemanueie/files. b 125400 AM Berkowvich pduQ3z W [[1,3.4],[2,1.5]] g B |

20



2. Acq Uiri ng o What types of data are there?

o Are the data described as and when they come in?

Excel files have been reviewed and templates for the acquisition of data for each
dataset type have been provided by UNIBO after meetings with partners (still WIP)

HVOF POWDER SUBSTRATE COATED SUBSTRATE HVOF COATED SUBSTRATE HVOF
= - s mm" FRH, |p H,| FRO, |p 02| FR Air |p Air| Pwdr. Feed | Standoff| Pitch | Speed n n'preheat| _ o _ L _ gain |sprayed mass _
pate  |Runn Nominal Com position WL N. | SAE Grade sample ID mlammm]gm u?“:n P b i il iy ] sl I M| P cydes it | e weightin [g] |weaight fin [g] | weightin [g] | weight fin [g] [weightin [g] | weight fin [g] W e efficiency [%] Notes
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3. Processing

Graphical Approach to
Conceptual Mapping

o How are data extracted?
o Are there automatic workflows in place?

o How is provenance ensured?

urn:cobrain:hvof

PowderFeedRate [€———__

N
A
20 —_— > S0 8
4 SR
S O,
O

~ ~/

Partners collaborated with / A

UNIBO to build the conceptual
mapping between the Excel

file columns and the
ontological concepts,
including relations.

UMR HVOF Thermal

Spraying Logbook

g.-’min H_ :hasReferenceUnit

elite::hasProperty

[1104123] [ Co20Cr20Fe20Mn20Ni20 |

:hasNominalComposition | NEW Sampie nolder

thasLotNumber

elitethasinput

several properties, a”

a
\ same schema ...
P
) L Y
F: -
elite:hasDataValue B Cailan

elite::hasProperty

"HVOF_AID(CrMnFeNi)+60TiC_RUN1

Spraying Efficiency

N
£,
LA 4 elite:hasDataValue
e P 5505 |
S
.

’

‘hasReferenceUnit
%

elite::hasProperty

elite::hasProperty

same schema for
% deposition length
< and width, and gain

| AIsi304

AlO(CrMnFeNi}+60TiC RUN1T

:hasSamplelD

:hasDepositionDate
:1104-1-23

a

v

a
19/02/2024

hasSamplelD

elite:hasOutput

a

Y

l [AIO(CrMnFeNi}+60TiC RUN1

Powder

HVOF

Coated Substrate

elitethasProperty

elite:hasProperty

elite:hasDescription

Final Weight

Air Flow Rate

J

l/a )

-
e
s

~ )
i
(‘ ‘\

for O; and H

gos feeds
:hasReferencelUnit

o i
Sl aslataialue :‘ elite:hasDataValue
1 35

Air Pressure
ka
same schema .\' B
-." >
.‘,)
hasReferencelnit

FMR

<

- ___+( —

elitechasDatum N l\
o

elitethasCom

:SAMPLE_AIO(CrM.

ponent

a
I,“/eli:e:haiDa taValue —@

g \/ :nasReierenaeqni:M

5
-
~

. .
I elite:hasDatum _)\r‘ L

elitethasDataValue
a s

| "

Initial Weight

Deposition Pass Weights

W 4 :hasReferenceUnit r
N b —~=3 & |
—» 349

thasSAEGrade

:SUBSTRATE_AIO(CT...

a

v

Substrate

object/process 4D representation

substrate

i coating




3. Processing

Graphical Approach to
Conceptual Mapping

Partners collaborated with
UNIBO to build the conceptual
mapping between the Excel
file columns and the
ontological concepts,
including relations.

Optical pyrometer Luchsinger

OPTRIS CTlaser

o How are data extracted?
o Are there automatic workflows in place?

emmao:5emiosis

rdfs:subClassOf
I

emmo:Measurement

o How is provenance ensured?

emmo:interpreter
rdfs:subClassOf

Documented
by CHADA

chameo:CharacterisationMeasurement rdfs:subClassOf

emmo:Measurer
rdfs:subClassOf

l
Pyrometry

t [ AoicrinFen6OTIC RUNT ‘ a

a

hasSamplelD
:PYROMETRY_AI(CrMn...

hasMeasurer

:providesProperty

AlX(CrMnFeNiH+60TIC RUNT | | 19/02/2024 | 4
:hasSample

elite:hasReferent

thassamplelD :hasDepositionDate

elitechasComponent
:SAMPLE_AIO(CrMnFeNi)+6
OTIiC_RUN1 : fa a \

Coated Substrate Sample Substrate

:SUBSTRATE_AIO(Cr...

rdfs:subClassOf

emmo:Referent

|

Yl

elite:hasProperty =< =3 —— SubstratePeakTemperatureStandardDeviation

urn:cobrain:pyrometry

chameo:Characterisationinstrument

rdfs:subClassOf

Pyrometer

rdfs:subClassOf

LuchsingerOPTRISCTlaser

_J

:LuchsingerOPTRISCTIaserUNIMORE

emmo:Property

elite:hasInterpreter

elite:hasDataValue g™ 77 5e deSASuiiCJaSSOF

‘hasReferenceUnit _HT|

several properties,
same schema ...



. o How are data extracted? o How is provenance ensured?
3. Processing . .

o Are there automatic workflows in place?

Graphical Approach to
Conceptual Mapping

urn:cobrain:hvaf  urn:cobrain:blasting

PowderFeedRate [€———_ vt ropertes d
Partners collaborated with \ S /
UNIBO to build the conceptual "~ > & ° -\*:
mapping between the Excel T e

@ Coated Substrate
file columns and the — ? /A

A4 | elitethasProperty IE‘ hasDepositionDate
: A [ 28612023 | 3
O n to I Og I Ca | CO n Ce pts’ :hasLotNumber - e — E e ——

:hasMaterialShortName

_—| Spraying Efficiency

. . . :343-C-23 hastioposliiets ‘HVAF_2306-020-01
including relations. —
= s DepositionArea
a a HVAE -hasProcessiD : __72306-020-01 | e ianset /_>
( \ \ /x:hl :hasDataValue S
A4 Powder i Sip Substrate elitesnasProperty .
elite:participatesTo CHtEdedin |IdsR:fe encelinl
: ‘—p cm2 |
. = e | =
HVAF Thermal Spraying 2] §° __ : (
. . [ ,5, a , g .
Logbook + Grit Blasting e, ‘SUBSTRATE_155-B-24 - D il
elite:participatesTo
thasSAEGrade o — ’
“—)I S175
g :hasSubstrateDimensions
object/process 4D representation BEAST b D05-020-01 CoatingWeight

T =mmes Aaieaeiiac , i s N i S—
i GritBlasting . ' HVAF | g 20 elite::hasProperty blastingMedia | plate 25x3x126 |
i : ! 8860 ,',4(—

7o)

. g zle
substrate linjectorType secondaryNozzle

e o siceroce? E coating several properties, *
o someseno. [5] [a] [ae] [corrm]
]
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o How are data extracted?
o Are there automatic workflows in place?

3. Processing

o How is provenance ensured?

UMR HVOF Thermal Optical pyrometer Luchsinger

OPTRIS CTlaser

Spraying Loghook

same schema for

veral propertie: .
569 properties, deposition length

same schema ...

At

£ed

e

ks
w

emmao:Semiosis

rdfs:subClassof

emmo:Measurement

chameo:Characterisationinstrument

emmo:interpreter
rdfs:subClassOf

| chameo:CharacterisationMeasurement |

rdfs:subClassOf rdfs:subClassOf

\ / 2" ond width, and gain

B ” I

(Y EE—————— ';&;.: & S cimenasbamvatue | 55 Documented
= //,\ d ::{&:lz\o . .\ by CHADA

“HVOF_AIO{CrMnFeNij+60TiC_RUNT

sUutput

iy

:SUBSTRATE_AID(Cr...

(PYROMETRY_Al(CrMn...

emmo:Measurer
rdfs:subClassOf
Pyrometry T rdfs:subClassOf
K y l LuchsingerOPTRISCTlaser |
a

_J

:LuchsingerOPTRISCTlaserUNIMORE

‘hasMeasurer

\providesProperty

‘hassample elitechasinterpreter

same schema
for O: and H:
gas feeds

‘SAMPLE_AIO{CrMnFefij+6&
OTIC_RUN1

h

elitezhasReferent

rdfs:subClassOf

18.05

Va :;f.-_H

:SUBSTRATE_AIO(Cr...

elitethasProperty —Jd_ p—

S
MY

[— elite:hasComponent

i

—)| SubstratePeakTemperatureStandardDeviation

a a

several properties,

y

Coated Substrate

same schema ...

| Sample | | Substrate I

| Air Flow Rate | | Deposition Pass Weights | Initial Weight |

rdfs:subClassOf

emmo:Referent



o How is provenance ensured?

o How are data extracted?

3' PrOCESSI ng o Are there automatic workflows in place?

Mapping of HVOF Pyrometry UNIMORE T3.2 with OntoRefine

Refine
Name: AlO(CrMnFeNi) Runl 20230720 t... Identifier: 2392817068477 EI
Projects ’ : &
10 Visual RDF Mapper {+} SPARQL Query Editor
Preview  Both All mapping changes saved Downioad JSON Upload JSON Open in GraphDB New Mapping
—~-Sample_ID | _-D..ymmdd _-t.._unit _-a..axima |_-s..axima _-t..peaks _-@..-@d _-@..@type
Base IRI

http://example.com/base/

Use the current repositary prefixes or add new using the Turtle or SPARGL syntax, i.e PREFIX rdf: <hitp://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

cobrain & elite & xsd ©

cobrain: & — - Sample_ID <IRI> ; a <IRIs | ¢ cobrain: CoatedSubstrate <IRI> , :
cobrain: hasDatetime <IRI> 7 — - Dep ... yyymmdd “Literal’
xsd: dateTime
elite: hasProperty <IRI> _ - Sample_ID -Unigue BNode v
a <IRI> cobrain: Substra ... erature <IRI> a
cobrain: hasReferenceUnit <IRI> _ -tem ... re_unit "literal"
xsd: string
elite: hasDataValue <IRI> ) _ -ave.._maxima "Literal”
xsd: float

Ontotext Refine 1.2.1 - OpenRefine 3.6.1
© 2002-2024 Ontotext AD



3. Processing

o How are data extracted? o How is provenance ensured?
o Are there automatic workflows in place?

We have found some practical issues in the excel-oriented approach
experimental and characterisation datasets:

Unprecise |Ds (e.g., case change, spaces, use of reserved character)
Non-Unique IDs: same ID used for e.g., deposition, sample, substrate...

Multiple intended interpretation for the same cell-value, leading to an
excessive blank-node rich representation

Too many degree of freedom for the >l ‘,;{\(
user to fill the sheets, leadingto =7 \ JJJJJ T ]
: : : ToE) [ B st | smehee
inconsistencies and scattered text v T \/
\/4— nnnnnnnn ‘} :haioumut%: hhhhhh ponent —)/
I 1 i



[ ] . . . ?
4. Ana Iys| ng What tools did/will your project develop to extract knowledge from your data*

SPARQL stands for SPARQL Protocol and RDF Query Language

SPARQL is a standard semantic query language for databases used for manipulating
and retrieving data in the RDF (Resource Description Framework) format

RDF is a data model for representing information as a set of triples.

A triple consists of a subject, predicate, and object:

* Subject: Represents a resource (e.g., a person, a place).

* Predicate: Describes a property or relationship of the subject.

* Object: The value of the property or the resource related to the subject.

Subjects and predicates are always URI identifiers, but objects can be URIs or literal
values.
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[ ] . . . ?
4. Ana IyS| ng What tools did/will your project develop to extract knowledge from your data*

Prefixes allow to
PREFIX mov: <http://example.org/ontology/movies#> substitute the full IRI

with a concise version

SELECT DISTINCT ?movie ?genre WHERE { Select the desired

elements, in this case
without duplicates

?movie mov:director mov:StevenSpielberg

Predicates used to

Pmovie mov:genre fgenre retrieve information

’movie mov:releaseYear ?releaseYear . from the graph

Filtering clause that
FILTER (?releaseYear > 2000) . [ETS HaTeE e

applies a condition to
retrieve specific results

29



4. Analysing

Conceptual schemes are
paramount to elucidate
the CoBRAIN ontology
data model and concept
relations, in order to
enable non-expert users
to generate the correct
SPARQL query for their
needs.

What tools did/will your project develop to extract knowledge from your data?

L Y
i i 0> same schema for
a/._.-) Spraying Efficiency K > f
- ;v*,\’\ deposition length
SO . B
N and width, and gain

hasDataValue 55.05
ferencelnit
.f'b

:hasProperty
Alsl 304
19/02/2024
/—H AlO(CrMnFeNi+60TiC RUN1
:hasDeparitionDate  f :hasSamplelD
thasSAEGrade
i)+60TiC_RUN1
tput elite:hasComponent
:SUBS

“SAMPLE_AIO(CrM...
a8

Y l

Coated Substrate Substrate

Final Weight

SPARQL Query & Update @

SIS Editor and results

Unnamed X Unnamed X Unnamed2 X ]

1+ PREFIX owl: <http://www.w3.org/2082/87/owlé>
2 PREFIX <https://www.cobrain-project.eu/ontology/cobraingds
3 PREFIX elite: <htips://w3id.org/emmo/enmo-lite#>
4 PREFIX xsd: <http://www.w3.org/2881/XMLSchemad>
5
&+ select distinct ?pt where {
7 75 a :CoatedSubstrate .
B ?s elite:hasProperty ?p .
g p a 2pt .
e ?pt rdfs:subClass0f elite:Property .
11

12 ¥ limit 306

]
il
,z
| ]

Compact view [ Hide row numbers [

Showing results from 0 to 8 of 8. Query took 0.1s, minutes ago

pt

| elite:Property
2 cobrain:ThermalSprayingProcessProperty
3 cobrainWeight
4 cobrainPlateWeightGain
5 cobrainDepositionLength

cobrain:Length
7 cobrain:DepositionWidth

& cobrainWidth

:

Co-BRAIN

Q, [ CoBRAIN (B en

Reguitz only [D

P ¥ D [ 08

Run

keyboard shortcuts

& Download as

-
-




[ ] . . . ?
4. Ana Iys| ng What tools did/will your project develop to extract knowledge from your data

 SPARQL Query Example

Q. [ CoBRAIN {8 en
SPARQL Query & Update @ s only i O

Unnamed1 X Unnamed X Unnamed2 X ® A Table = Rawresponse 7 Pivot Table . Google Chart

1+ PREFIX elite: <https://w3id.org/emmo/emmo-lite#>

GraphDB
(:_L) Import

@ Explore v

2 PREFIX cobrain: <https://www.cobrain- E’\ Filter query resuits Compact view (] Hide row numbers ]
project.eu/thermalspraying#>
3+ select ?spray_eff_val ?av_peak_t_val where { E Showing results from 0 to 2 of 2. Query took 0.1s, moments ago
{"'}SPARQL 4 #want to find the values of spray efficiency
5 ?spray_eff a cobrain:SprayingEfficiency . <§)
. 6 ?spray_eff elite:hasDataValue ?spray_eff_val . Sy et val ® av_peak_{ val e
MGolter e 7 #for a HVOF spraying process >> "60.9686609686609" *5* "406.3234116948068" st flost
8 ?spray_eff ellte:ls?r-aperty[}f ?spray_proc . cﬁ) o "50 4017094017004 st decmal 157 4334548484547 5t Toat
{é} Setup w5 9 ?apr‘av,pr‘oc a \?ubr-am:HVOF "
10 #iand compare with the values of average peak temperature
11 ?av_peak_t a cobrain:SubstrateAveragedPeakTemperature .
A Lab w7 12 ?av_peak_t elite:is?r0;39|*ty0+ ?coated_sub .
13 ?coated_sub a cobrain:CoatedSubstrate .
14 ?coated_sub elite:isOutputOf ?spray_proc .
15 ?av_peak_t elite:hasDataValue ?av_peak_t_val .
® Help Y g
16 } limit 1608

keyboard shortcuts 31



[ ] . . . ?
4. Ana Iys| ng What tools did/will your project develop to extract knowledge from your data-

CoBRAIN Knowledge Base will be used mainly to:

- Create a federated interoperable database for the CoBRAIN partners that
can be used also after the project ends

- Provide FAIR solution for the dissemination and exploitation of project
data

- Support the creation of a SDSS (Sustainable Decision Support System)

The CoBRAIN ontology for Thermal Spraying can be used by other research
groups to make their data interoperable with CoBRAIN.
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0 o How do you document your “new” data? o In what sort of repository does the
5. Preserving

o Are you using versioning? preservation happen?
. : :
________ N D N Ingestion Point
XD $o $o . Perioqlic import of expe_rimental dat_a and
: 9 || Emme N mappings from the project sharepoint
Weppers /) \_ / * Import of EMMO and project ontologies from
Y websites
R — i — I . OntoTextRefine
' | omorex ] 2 ' e Conversion of raw data into formatted RDF
o Refine Private Access ; ]
- triples
| ~« Automatic saving on triplestore
.:I RDF Triples / 3 g p
GraphDB

v
SPARQL Endpoint  [m—=—=

GraphDB
’ Triplestore

& i o Storing of concepts and individuals with data

e Dashboard for query submission

UNIBO Infrastructure

~ ’

~ -
~ -
-~ -



. o Are your data sharable with 3rd o Do you publish your
. Sharing

parties? code/Apps/workflows?

user 1

* We identify three distinct types of users,
categorized by their access levels:

- TBox-only users: These users have access
exclusively to the TBox, so the connection
between entities.

- TBox and ABox users: These users can 8
access the TBox and individuals within the
ABoXxX.

- Partners with full access: These users
have access to the TBox, ABox individuals, pa;t“er

ABox
individuals

and the real data.

ABox
data
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. o Are your data sharable with 3rd o Do you publish your
6. Sharing

parties? code/Apps/workflows?
y
@' LEM [ntetiace Non-expert queryin
—t Web based pre-defined interface PELL qUEryIng
A/
web browser y'y
SPARQL
templates

Knowledge and Data interoperability

Knowledge SPARQL end-point internal or external the consortium
e (federated with other KB)
A
mapping
(
ol Partners Excel or JSON datasets Used directly internal the consortium

for computational expensive tasks
JSON

S
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CoBRAIN Actual Status @

We now have:

- Developed a fully operable methodology for -  Proposed user-friendly methodologies for

the KB, based on the free version of a well- data collection in experimental environment
known commercial triplestore (GraphDB) - provide a scalable and federated
and tools (OntoRefine) environment for knowledge management

- Easy to deploy and share in other that can be expanded in the future with
frameworks (the overall KB can be shared as  external DB (e.g. Mongo DB)
a single file, ontology included) - Set of semantically connected datasets for

- The TBox is based on EMMO-LITE and interoperable SPARQL queries

CoBRAIN ontology, usable with OWL 2 - | Knowledge Base deployed in a test server.

RL/QL/EL profiles

- Established a low-mid level framework for
FAIR data in the field of thermal spraying of
materials 36



Our Team - Partners

UNIMORE

UNIVERSITA DEGLI STUDI DI
MODENA E REGGIO EMILIA

Technology Consulting

BALance® < «exelisis

B [UNIVERSITAT»: = =

it BARCELONA :AETRE

UNIVERSITA DEGLI STUDI

MBNI|

nanomaterialia

::huenlgﬁ?o:);an Union CoBRAIN Project RIS -




Thank you for your attention!

. &

Name: Emanuele Ghedi»ni

F
Entity: University of Bologna



C. M. Edwards
Rechteck
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