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Abstract Experiments in a laboratory or a company, eitheysigal or virtual,
generate a large amount of data and informatiow (tata, consolidated results,
experimental conditions, etc.) that has to be madag order to preserve and en-
hance the knowledge and the expertise of the azgton, especially when turno-
ver happens. If simulation data management has bspacially explored and
standardized (STEP AP 209 for instance), experiateddita did not create the
same interests and only standard data managenwsitat@ proposed. In this pa-
per, we propose an ontology to capitalize suchrinfdion and knowledge, with
an efficient reuse objective. This ontology, foriethspecific taxonomies have
been defined according to the relevant literatdréhe domain, is illustrated on a
set of data on previous experimental campaigngesponding to two kinds of
mechanical experiments: tribology tests and mdtehiaracterization tests.

Keywords Ontology, experimental data and information, knalgie management

1. Introduction

In the current context of digitalization of the gzt design process and the reduc-
tion of physical mock-up usage, having knowledgepmperties and behaviors of
material components and systems is of prior intdoescompanies. Even if mate-
rial science is a well-established one with a lazgenmunity, material innovation
and new usages imply an important turn-over of Hedge and so specific needs
in competency and knowledge capitalization. Moreptree design process is fast-
er if accurate and reliable materials data are noaitskly available. Paper reports
on such material data and experiments, althoughatidl available, are not so ef-
ficient if compared with modern data storage teghes, in particular because the
data classification is not standardized from orporeto the other and these data



tend to be considered as “dead” because it iscdlffto reuse raw data for new
analyses.

If management of digital simulation data and knalgle has been largely ex-
plored (Kibambaet al., 2009) (Budat al., 2011) and standardized (STEP AP 209
for instance), experimental data did not createstiree interests and only standard
tools are proposed, like Granta ™Mbr material information management or clas-
sical content management software tool for expemaiedata. To overcome this
research gap, ontology is a promising approachwailg both the capitalization of
data and information and the capture of certainalnrknowledge.

The paper is structured as follows. Section 2 aathe domain of material
experiments in laboratory, and in particular whas fbeen proposed to structure
data and information in this domain. Section 3 g®sion data and information
modeling, especially by ontology. Section 4 dessilthe proposed approaches
and how the demonstrator has been tested. SectitiscGsses the results of the
experimentation.

2. Modeding a mechanical experiment

An experiment can be generically defined as a cagnpaf tests realized on sev-
eral machines by different operators and with déffé experimental protocols, in
order to validate a certain objective and deliveetof deliverables.

Several types of mechanical experiments exist,téksile, torsional or flexural
testing, metal fatigue, creep etc. (Lemadtral., 2009). To illustrate our approach,
we selected the field of tribology, involving abmtact, friction, wear and lubrica-
tion phenomena for its multi-physic, multi-domaimacacteristics, and complexity
of situations and experimental data (Fig. 1). Tdhisice is motivated by our labor-
atory, which is dedicated to engineering of compgstems with teams working
on nearly all the fields involved in design and darction of complex systems.
More than fifty years of parallel development opexmental apparatus and mod-
els have enlightened the need to structure expatahdata and basic lines to do
it. In this context and due to the accumulated ggpee in the considered labora-
tory (Pieuchott al., 1969), (Gras & Courtel, 1973) (Lemaire-Casbral., 2009),
several aspects have to be detailed.

First of all, tribology implies a set of operatiénariables: local geometry of
the contact, external loading, kinematics of thaetact, surfaces roughness and
environment (including lubrication). On each of ¢est machines, some of them
have been settled, the others varying in a moresw wide range. In this field,
experimental scattering is a main feature obsemwieidh guided us toward some
statistic models (fatigue or roughness influencealdions).

1 http://www.grantadesign.com/products/mi/




Fig. 1. Pin-ondisc under therm-regulated lubrication test mhice with some examples ce-
sults.

Design of each of the test machines was guidedhdygdntact mode and ran
of loading kinematic and environment encountered in thdustrial application
which reained our intere; according to the natural scattey of results having
the best knowledge of what happens during thcis a mandatory neethis im-
plies to usesingle contactwith a precise measurement of loddplacemen and
possibly temperatures and accelerat.

3. Ontology for Data, I nformation and Knowledge modeling

In order to modeDIK (Data, Information and Knowledg, ontologies are «-
rently recognised to be a powerful instrumeAn ontology can be defined as
formal specification of a shared conceptualizatidra domail (Gruber, 199:.
Born from artificial intelligence communitiontologies are used in the semal
web to model knowledge objects of a certain do, by associating to them
structure of semantic network plus an inferencarenCurrently, it is possib to
find them in thedesign community, when databases are too restrictadodel
linked information, especially in the “PLM 2.0" perspe&ivOntologies are ust
to capture information, to assist-line collaboration by proposing a commcn-
derstandingdais of communication and knowledge exchanges lestvdifferent
collaborators of a product development pro (Giménezet al., 2008),(Matsokis
& Kiritsis, 2011).

After a large increase of works in this domain thst yearsseveralpapers
propose a state-@ftt in this domainLiu & Lim, 2010), (Fortineatet al., 2011),
each proving darge diversity of ontology usage in design, likeotwledge mn-
agement systems specialized for a particular pafiniew (Xie & Shen, 200¢ to
interoperability of information systel (Ishak, 2010).

Moreover, ontology development is known to be aaggit process and a Ir-
ature exists to ensure a consistent ontology eom (Sure & Tempich, 200.



This property is especially interesting here, sititee mechanical experiment do-

main is still evolving.

More than the ontology by itself, the methodologybtain such shared under-
standing of the domain is of prior interest for tifferent actors implied in the
process. As a matter of fact, providing an effectivethodology for creating onto-
logical models is a crucial issue, especially sitheze is a lack of a general meth-
odology for creating ontologies (Nan@aal., 2006). In various domains, some
methodologies for creating ontologies have been eldped, like
METHONTOLOGY for chemistry applications (Fernandezpez et al., 1999),
Toronto Virtual Enterprise (TOVE) with a scenariased methodology
(Gruninger & Fox, 1995) or the On-To-Knowledge nmetblogy (Staalet al.,
2001). In software engineering, (De Nicathal., 2009) proposes the UPON
methodology, as an adaptation of the Unified SaftwRevelopment Process or
Unified Process (UP) for ONtology building.

According to our context and knowledge, we chose @n-To-Knowledge
methodology, which includes the identification afads that should be achieved
by knowledge management tools and is based on agsés of usage scenarios
(Staabet al., 2001). As a consequence, an ontology develop#dsuch method-
ology does not provide an exhaustive conceptu@izabut ensures the consisten-
cy between the needs of the domain expert andrteogical model. The steps
proposed by the methodology are:

»  kick-off, where ontology requirements are captured andifsggbcCompeten-
cy Questions (CQs) are identified, potentially edle ontologies are studied
and a first draft version of the ontology is built;

» refinement, where a mature and application-oriented ontolsgyroduced;

e evaluation, where the requirements and competency questianshaecked,
and the ontology is tested in the application envinent;

e andontology maintenance.

In order to model the ontology, we use the Prosigivaré and the OWL-DL
language.

4. DIK modeling of an experiment

The objectives of the ontology are first to modwed trucial data and information
related to each experimental projects and secatadipake explicit the specific
knowledge of the laboratory on the experimentsa# pf such knowledge is used
to define the crucial data and information, but dftfeer part allows to model spe-
cific restrictions or axioms inside the ontology.

For the kick-off phase, we integrate both expemsifthe domain, i.e. profes-
sors of our laboratory scientifically known for th&perience in the tribology do-

2 Version 4.1, available 4titp:/protege.stanford.edu/




main, and some “naive” people that should use sutblogy, i.e. young PhD stu-
dents of the tribology research group. From suciisphwe define a set of CQs
that lead us to the definition of the ontologyhie refinement phase.

4.1 Ontology model

The ontology is decomposed in two different fac®® model the generic and
common concepts of the domain in the core ontokgyy we add all specific in-
stances of projects and tests in the instanceamyol

Fig. 2 presents a partial model of the crucial daid information generated
and used during an experiment, with the main ctassal object properties be-
tween classes. In this figure, the plain arrowsasgnt thasA property with the
adequate direction (i.e.taibologyTest is a certain type ofest) whereas the dot
arrows represent the other type of semantic obfgoperties (e.g. arest
isRealisedOn a TestMachine).

4 =
- il EtTyp 2
ition ;
N /
\ e /
\ .

\

\‘ = TestCondition

“@ TestMachine L
—_—

FittingType

Fa e
——
-
_4"“
* @ PostTreatment
"
-
* @ Delivrable

Material Charact
erizationTest

e TribologyTest

Fig. 2. Core ontology model of the experiment, with mai@sses and object properties repre-
sented.

TheTest class is the central element of the ontology. Isexperiment is a pro-
ject constituted of several tests. Each test iizesh on a specific context: ma-
chine, experimenter, measurement tools, post-tesattichain, that are each mod-
eled as instances in consistency classes. Itligedaon one specimen for material
characterization test or two specimens for tribgltast, with adequate conditions,
either in terms of environment (for example: ambiemperature or cryo-test, at-
mosphere or under neutral gas) or in terms of (o@adure and intensity of force



for instance). These conditions are defined by ifipecalues of data properties
when being digitally differentiable (like the slidj speed for a tribology test) or
by instances when being chosen between a listeafgfined concept (like the con-
tact type).

Specific taxonomies have also been defined for dlassesTest, Material,
TestMachine, MeasureTool and PostTreatment, based on the literature in the
domain (Gras 2008), (Ashby 2010).

Several object properties are more detailed, alwdifs the idea of fasten and
simplify the queries of the ontology:

 the relations between the two clasgesject and Test are defined as inverse
ones: in the CQs defined, one can ask the ontadggr for a project that con-
tains tests with specific conditions or for testatthave been performed for a
specific project, without a too complex syntax,

 the relations between the clas3est andSpecimen are defined as a taxonomy,
with adapted semantics (fig. 3sPerformedOn, generally linking arest in-
stance to &pecimen one, is specialized through functional two subperties,
linking a TribologyTest instance to &pecimen one. Such modeling allows to
define that if a test is generally performed on oneeveral specimens, there
are exactly 2 specimens in the case of a tribotegy, one considered as the
large surface, the other one as the small surface.

V- mtopObjectProperty
- mm constitute Characteristics: MBEEE vescription: hasForLargeSurfaceContact
------ ® hasDelivrable
m hasForMaterial
® hasForTestCondition
- mhasForContactType
- mhasForEnvironmentalConditio
------ misConstitutedBy
------ misMeasuredBy
isPerformedOn
- mhasForLargeSurfaceContact
“ mhasForSmallSurfaceContact
- misPostTreatedOn
------ misRealisedBy
------ misRealisedOn

Functional

|| Inverse functional

SubProperty Of

|| Transtive .
misPerformedOn

|| Symmetric

|| Asymmetric Inverse Of
|| Reflexive
Domains (intersection)
|| Irreflexive TribologyTest
Ranges (intersestion)

Specimen

Fig. 3. Taxonomy of object propertgPerformedOn

Fig.4 illustrates an example dfest instance with its connection either with
core instances (like the name of the consideBstMachine instance
LowSpeedAlternativeTribometer) and specific instances (like tHgpecimen in-
stanceEADSA2.11GHL_Disk1).



4.2 Experiments of the model

Once the ontology created and the instances atldedypes of experiments have
been performed. The first one validates the cosscst of the ontology, either at
the class level or at the instance one.

Show: [w] thisv] ditferert
Found 4 uses of EADS 42 1GHL Testi

7 [ADSProject

Lo & EADSProject isConsttutedBy EATS 42 GHL Test!

¥4 EADS_42.11GHI_Tesd
EADS_42 11GHL_Test!

@ EADS 42 10HL Test! KinematicSlidingSpeed 1

& EADS 42 16HL_Test hashorEnvironment Type Air

L g HGHL Testd hasforlargeSurfaceContact EADS42 GHL _Diski

o EADS_42 10HL_Test! haskurLubrificationType Dry

¢ EADS_42 HGHL_Test! Type PuredkernativeSlidng

@ EADS 42 10HL Test! hashurContactType Surtacic

0 CADS 42 T0HL_Test Kinematic3troks 5

b ELDS 42 1BHL_Test iseatisedin LnwsSpeedbternativaTribometer

o EADS_42 HOHL_Test] Temperature 26

4 EADS 42 15HL_Test! LoadP 205

4 ELDS 42 10HL_Test hashorSmallSurtaceContact EADSAD HEHL Pean-4

Fig. 4. Example of instance insertion inside the ontology

The second validation considered the match of tiielogy to the CQs defined
in the On-To-Knowledge process. The ontology isstjoeed through the DL
Query widget of Protégé by using the Manchester CajfitaX. In the example
(Fig. 5), two queries have been defined:

1. on the left, which are the projects with at leas test that has been realized on
a particular machine,

2. on the right, which are the projects with at leasé test that has been per-
formed with a load greater than a specific value.

To ease the addition of instances of each tribolagyject without a complex
training on ontology for the experimenters, a sfeaiterface has been developed
on Microsoft Excel (Fig. 6). The characteristicstioé project is defined and we
use the properties of the OWL language (close td_¥d interpreted by a parser
inside Protégé) to add, at the end of the inst&nak. file, the new elements.

3 http://www.co-ode.org/resources/reference/manchesyatax/




Obiect Properties | Data Properties. | inlviduals | OWLVIz | DL Guery | OrtoGraf |

 Gla=z Fisrarchy: Pro
A Dusry (claes sxprassion)-
¥ Thing || IProect and isConstiutediy some (Test and isfledisedOn value
@ Delivrable LowSpeediernativeTribometer)
© bxperimenter
@ Material Execute || addio ontnfogy|
© MeasureTool -
‘P‘P SliTl'ﬂ‘il'lI!ﬂf Suery resilt
' = ¥ resuis
0 Specimen nstanees (2} | [ Super classes
¥ @ Test [ ancestor cia
> @ NsturiatharacheiatouTest || | | #TASPrect | -
> @ TribolagyTest & HAHOSCAMProject | ] Equivaient classes
¥ 0 TestCondition [ subclasses
f :E.m:tﬁ::t e [[] Descendant classas
¥ EnvirgnmentCondition ;
@ fitingType s
b 0 Testachine
Data Properties | Individusls | OwLviz | DL Guery [ ontoGrat |
Active Ontology r Entitie= r Clazses r Ohbject Properties

Cuery (class expression)

Project and isConstiutediy some (Test and Load™) some

double[> = 20.0])
| Execute | | Add to ontology |
------ O HeasureTool
------ O PostTreatment 5 0
_____ © Project Lery resutts
------ .Specimen Instances (1) [ super classes
V- @Test @ EADSPro O
; . L roject Ancestar clazses
»- @ WaterialCharacterizationTest . O Bl
b ® Tribology Test quivalent clazzes
V- @ TestConditipn [ subclasses
ContactType [[] Descendart classes
I!n.rlmnmelrlﬂnndmnn .
O littingType
b0 TestMachine

Fig. 5. Queries of the ontology

5. Discussion and conclusion

Performing physical and/or digital experiments jdeva large amount of data and
information that need to be organized, accessibtt available for a reuse pur-
pose. In order to capitalize such crucial data imfokmation, and also specific

knowledge of the domain, an ontology is develof@dh choice can be explained
by the fact that ontologies are able to cope wimdins of whose conceptualiza-
tion is still moving, which is the case of experitteperformed in our research la-
boratory.



Project Test
Name NANQOSCAM Type PureAlternativeSliding
Nb Test 4 Experimenter LGH
Reference ANR-05-RNMP-005-02 :St Mac?nel LSAT
EADS easure 100
Post Treatment
Eurocopter
Mari Contact Parameters
arignane
Partners CEA Grenoble Cunt.a.ct T.ype Surfacic
PROMES (UPR 8521) t”b.“f'cat“’” if‘f
ACM nvironment ir
- Temperature (in °C) 26
Delivrable Cycle Length (in s)
Name NANOSCAM_RNMP-005-02| [Load PO (in Mpa) 100
URL My Folder Stroke (in mm) 15
Type pdf Frequency (in Hz) 2
Material Sliding Speed {in mm/min) _
- Material Parameters
Nb Material | 5
Small Surface 32CDV13
Design of Test sheets Large Surface 30NCD16
EXPORT Copy the value of the first test

Fig. 6. Excel interface for the experimenter: on the th& project definition interface, on the
right the test definition interface

The proposed ontological model is presented in $epfngeneric core model
and domain specific taxonomies and tested on nséhmces of data from tribolo-
gy and material characterization tests domainsadJgie Protégé software allows
us to validate this ontology in terms of both modehsistency and expert expec-
tation consistency.

However, query answering in OWL is known to havalagility issue while the
number of data increases, whereas relational deg¢abzope well with it. Thus, as
a perspective, a relational database should béeckeasing the work of (Kupfeat
al., 2006), in order to make evolve in parallel théotogical model and the im-
plemented corresponding relational database.
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