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ABSTRACT
This paper presents an approach of knowledge capiiaation within a PLM (Product

Lifecycle Management) system. W propose a methodology which allows knowledge

integration through a PLM system. Knowledge integréion is realized during the deployment
of the PLM system and the processes definition stag This paper is illustrated by an
industrial example in the plastics industry.

1 INTRODUCTION

Companies have to conjugate customers satisfaatidrthe increase of their productivity. To

respond to these constraints, companies need itealséve and to reduce the development cycle of

their products. Furthermore, the optimal re-usthefknow-how is still not enough exploited with
PLM systems. Any objective of cycle’s reduction thye optimal re-use of the knowledge impl
that the information system must be able to idgnéiements of knowledge but also be ablg
estimate them.
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Figure 1. PLM system and knowledge




The objective of this paper is to study produ@difcle information systems within the cont
of a knowledge capitalization. We wish to proposarenparticularly a methodology which alloy
the knowledge integration around a system PLM.

The industrial context of this work lies in the usdrial sector in the plastics industry. In t
industry, the needs involving the optimization ahd development of products are quintessern
Indeed, the plastic manufacturing context is mddaany small and medium-sized firms operat
in a highly competitive sector.

The Marmillon SAS company involved in this workasr industrial partner. This compat
develops and manufactures plastic parts for thenaotive industry. To respond to changes in
external environment and as a result of internatlifigs, the company has chosen to ren
competitive by focusing on two areas of progress:
= optimize the development of new products,
= propose request for quotation adjusted to scor@ r@active basis.

First we present the context of knowledge capidilm and business process modell
(BPM). Then we present our methodological apprdactknowledge integration in PLM system

Lastly, we present the setting works with an indaktase in the plastic manufacturing.

2 KWNOLEDGE CAPITALISATION CONTEXT
2 1 Needs of corporate memories

Knowledge contributes to the preservation of thevkhow of the company. The corpora
memory explicitly represents the company’s inforioratand knowledge [1]. It constitutes also {
company’s resources implemented by knowledge alective data [2].

This knowledge is interlinked with various elemehtndled within the company’s activi
such as products, customers, marketing stratebiegxpertise stemmed from projects.

The exploited knowledge within a medium-sized comypaan concern several eleme
treated within an activity such as products, desigd production processes, return on experig

on the projects, expertise resulted from theseepts] Supports of these collections can take vai
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forms as databases, electronic documents, refoetgiaries of knowledge, descriptive index cards.

Companies have difficulties to choose methods tb eapitalize and protect their knowledge.




The need to establish corporate memories is jadtifiy the re-use of knowledge, reasortng

and behavior. This aim meet those of the PLM systdmdeed products life cycle managem
promotes the know-how re-using. In companies wher®vation is the incremental proce
mastering its know- how enables the increase afvation capacity as well as the decrease of
products development time.

2 2 Capitalisation methods

The re-using of knowledge requires that enterpréggesable to formalize it. From a gene

viewpoint the existing approaches coincide withwlealge life cycle defined by Grundstein.
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Figure 2. Extract of knowledge lifecycle

Methodologies from the knowledge engineering [3h at proposing a framework wit

methods to preserve and serve as a base for thelddge formalization. Several methodolog
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exist: methods based on interviews (KOD Knowledgesi®ed Design), methods of knowledge

capitalization (REX and MEREX [4]), and methodsstifictured acquisition (MSKM [5] [6] [7]).

The knowledge formalization allows to assure a catee and an exploitation of knowledge

bases. There are various formalisms of knowledgeesentation. The use of graphs to repre
knowledge is usual [8] [9]. Graphs are used torabstthe relevant information and concentr,
only on the topology of a problem.

With the Conceptual Graph (CG), Sowa [10] propaseageneric formalism for any type

representation of the knowledge. The meaning obmcept is reduced to its relative positi
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according to the other concepts. It thus takesnsesenly if a semantic network modelling the

general knowledge of the system exists.

Furthermore, ontologies allow to specify a concajiation of a specific domain of

knowledge [11]. They present the advantage to e formal description which constitutes a

structured set by concepts allowing to give seag®e information. The concepts are organize

a graph whose relations may be represented by $siemelations or relations of subsomption.
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Even if they are not used in link with PLM systertise ontologies or the abstract graphs

allow to describe numerous concepts to be impleedkeint the PLM [12]: individuals; classes se€
for types of objects), attributes (characteristitshe object), relations (the way objects are liu
events (relations change or attributes). It is {hassible to transcribe (in a PLM compatible for
a part of the knowledge formalized with these repngations [13].

For companies, the question is how to define aorimétion system that is the most adap
to capitalize knowledge. In a lot of companies, timormation system is composed
heterogeneous components covering all sectorseo€dimpany. Each element covers a partic
function (ERP, PLM, SCM, CRM). In this context, theanufacturing management (ERP),
management of the customer relation software (CRIM) the supply chain management softw
(SCM) are aiming to optimize the information flownked to the products and traks. Thé
applications are designed to optimize repetitiverapons and are especially effective to har
processes which appeal to the same task. The PUdkfiised as: "an organizational device allow
to regulate the creation, the traffic, the use #mel evolution of the informative heritage
definition of the product, that is all the infornaat which define how the product is designed, m
and used " [14]. These systems are thus in théarynost capable to take care of the totality of
product development process [15] [16]. Actually, MPlsystems have an implicit vocation
capitalize the know-how.

3 CONTEXT OF BUSINESS PROCESS MANAGEMENT

The BPM (Business Process Management) has beengimgnidie companies’ business

processes for several yeamespite the increasing number of tools, implemémtaremains
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delicate for several reasons : impact on orgamratireluctance to change, scope and granularity of

the process. Whatever the difficulties are, a BRMraach is always in line with a compan
rationalization process exactly as the implementatif a PLM system. This is the reason why
choose to link theses approaches described irotlosving paragraphs.

Processes representation models are commonly nszmvipanies. Traditionally, we find th
approaches around IDEFX, SADT, etc.... Even if ¢hesodels are often used to repres
processes, they have shown their limits with Ié&ssctired or progressive processes, but abové

they do not allow execution. Approaches aroundwhH®c’s Workflows are suggesting to mod
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and run these processes by means of a runtimeaseftWhese different models are generic and



go from the business representation to the instioi in the information system. In fact they 3

poorly adapted for implementation in the scopehefdcompanies industrial tools like PLM or ERP.

4 INTEGRATION APPROACH WITHIN PLM SYSTEMS
4 1 Global approach

A PLM system can be represented by the figure 3.

Organisation

WHO
- Qrganizational stucture PLM
-Role Product

WHAT
- Nomenclature
- Documents
\ - CAD model

Figure 3. The three components of a PLM system

Our goal is to integrate and capitalize the knogéedenerated by a process into a P
system. Our approach (figure 4) is devided in twages:process integration and knowledge
integration.

These two steps are described in next sections.
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Figure 4. Global approach to BP and Knowledge integration
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4 2 Business Process integration within a PLM syste

The business processes integration in the PLM sy&ehe first step in our approach. PUM

systems can build validation circuits and taskadbieve between the various actors in a progess.

Currently, PLM processes are focused on the lifldecgnd not on activities. This point can not
allowes processes instantiation with tools sucBRISIN, XPDL or BPML.

Our approach (figure 5) is composed of four stag@sntification, modeling, instanciation, and
evaluation.

——

Business
process

Figure 5. BP integration

Identification: from the tasks / activities identified in busiaegrocesses, this step is

—

identify classes of objects as well as their sggphery. Peripheries statements define the| life
cycles of objects. The purpose of this step isetatlge product model in the PLM.
Modelling: within the PLM systems, processes modelling isienby means of workflows
centred on the life cycle. From the previous idergtion, the processes are restructured |nto
executable elements (usine BPML model for instance)
Instantiation: once processes modelling achieved within the Pdydtem, processes are
instantiated and used by users. This step of usestalace continuously and activities tracks
generated by the system are used for assessment.
Evaluation : In order to integrate business processes andaeahem within a PLM system,
we propose a typology of processes with associatidators. The objective is to evaluate them at
the time of their execution by the PLM system.
There are different approach to caracterize presesgpproach based on activities, on |the
types of inputs / outputs or on the degree of stininy. The typology of indicators suggested irs thi

paper is based on a decomposition following foitega: time base (limited process, cyclical,...




stability (stable process, evolutionary, unstablgnericity (single instance, multiple instanceg),

measurability (measurable process, un-measurable).

4 3 Knowledge integration within a PLM system

From the process modelling in the system, the skcoajor step is to integrate elements
knowledge in the PLM system. The aim is to allown@wledge capitalization from the proce
activities to expand PLM system capacities to managpwledgeln the context of the knowledd

lifecycle, the main steps (Grundstein) are idestifby different stages as shown in figure 6:

—_

Knowledge

Figure 6. Knowledge integration

= |dentify : identification of knowledge to build up a PLM system. This step is to identify mor
precisely elements of knowledge to be manage witmenPLM system. The modelling desi
should lead a data model which could be instadiat the PLM system. UML class diagra
can be used to model objects and links between.them
Identification of business rules: this step is to identify behavioral rules thatl wirectly depend

on identified objects in the previous stage.

» Formalise: it is necessary to create convertion rules inLXtd use knowledge in the syste
Formalization aims at transforming conceptual gsaptodels (if CG models choosen) in or
to integrate them into the PLM system.

» Use: the PLM system framework includes a presentasienver and an application server t
are communicating with a data base as shown indigu As seen previously, the informati
system designer will have to identify knowledge artlup the mapping in order to use it wit
the system. The user gets access to knowledgetspjated by indicators, through the syst

interface.
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Figure 7. Use of the PLM system

= Evaluate: this step allows to evaluate the use of objedentified in previous stages. W

propose to define indicators using the traceabiijjstems in PLM. These indicators are

designed to trace the activities use of objectsdss, research, modifications...).

5 INDUSTRIAL CASE

As specified previously, the industrial applicatienin the field of plastics manufacturin
within Marmillon SAS company. The aim of a PLM syt deployment in this company is
optimize the product development process.

The company's business is based on responsesuestdqr quotation. However, we note tf
this request for quotation process is failing. Tygdhe response time to the customer as well as
acceptance rate of products cost estimation ismaiccordance with strategic requirements.
these reasons, we chose to focus our analysis®hukiness process and knowledge it manage

Basedon business process integration steps (see figure 5 and paragarphe 4.2, identifica
and modelling steps), we were able to identify pheduct model and its the status as show

figure 8.

Affaire non attribuge

g

nat

5 the
For
S.
lion

N in




Figure 8. Example of processes using BPMN

The resulting model (Figure 9) is instantiableha meta-model solution Audros.

o

1l

| Reguest for quotation H Part
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0.1
0.1

Estimate

Figure 9. Extract of product model (Class Diagram)

Based on knowledge integration, the second steywallto classify information managé
during the offer treatment in several categoriebjeCls (RfQ, Part) contain three types
information:
= parameters such as margins, hourly rates whicluthte according to the situation
= rates providers such as the material price, shippiites which are regularly updated
= estimations such as purchase price of the mold,beurof working hours of the resear

department. These estimations depend on the panacteristics.

Knowledge to capitalize falls into this third cabeg called "estimations”. Indeed, these ¢
estimations made by the person in charge of tlsis taquire significant expertise and knowleg
trade. In this expertise, the mold made by a suibacior of the company is a very importa
element. The mold also depends on the characbsrigtithe part to be manufactured as show

figure 10.
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Figure 10. Part and mold properties (Class Diagramm)

To complete the identification step of knowledgdegration, identified elements
knowledge must be formalized within the PLM systdilnese elements are: the cost estimation

mould, the part, the estimation interface. Thig t@gect is going to contain the calculation ru

of

ost
ige

Nt

the

les

based on mold parameters and and part charaatsristi




Furthermore, the use case (figure 11) of this eston allows to identify the skill of differer

actors (realization of cost estimations, validagstimation).

Papisiration
Sales assistamt -y

Easgyoest for quotation
Vahdateon

Suggestion

o a r
O Acceptance
- 'w
Product mansger dffectstsn

Fesalization ‘“‘“""J'”

Product manager

Figure 11. use case for request for quotation

From the knowledge identification, we must defingsiness rules. We propose a set

predicates for one of identified objects. Hereniseaample of a rule that can be identified: "Ifey

—

of

P

of part = , if weight = 10g, if cavities numbel3zif type of steel = tempered steel, then purehas

price is between X € and Y €".

Indicators will estimate knowledge to know its adiility. In the previous example, we wa
to know if the mold estimated price for this partreliable. It will therefore establish a quantitat
indicator between the estimated purchase pricethaedactual purchase price. The informat
quoted by a gquantitative indicator is to be weigh€de work on knowlege indicators is still

progress.

The following diagramm shows the link between tifeecent elements identified within eag

step of our approach.
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Figure 12. Knowledge integration

6 CONCLUSION

Through an industrial example, we show the possésl of a knowledge capitalizatign

approach within a PLM system. The aim is to usebdjies of structuring and traceability of these

systems to build and supply elements of knowledgepmducts development. The proposed

approach aims at showing that crutial knowledge lmarextract from processes modelling easily

useful by people who are not knowledge engineers.

PLM systems presents two advantages for knowledgegement:

The first point concerns the extension of meta-nwt® model entities related to technical

knowledge.

The second point concerns the management traclalioats the establishment of indicatqrs

to evaluate this knowledge. However, it seemsadiftito provide funding methods and tools
the generation of knowledge.

The areas for improvement and validation remairpsstapstream and downstream

construction business wokflows ie the identificataf knowledge and indicators to evaluate them.
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