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Abstract
Digital Factory (DF) aims at proposing simulati@ols to design a product and its production
system in parallel. Nevertheless, DF is marked oy multiplicity and heterogeneity of
simulation models that are used, that slows dowrustage in industry. We propose in this
paper a conceptual model to manage the differamulation information created and
manipulated through a DF project. This model isedagn an analysis of the current design
strategies and the used simulation tools. Finaltyindustrial application has been developed
to validate the completeness of this model.

Keywords. Design methodology, Digital Factory, Informatioramagement, Manufacturing
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1. INTRODUCTION

The industrial competition and the products comipyepush the industrial companies to
develop and to adopt new design methods. Indus@@ampanies must improve their
production process and reduce their production siose 85% of product costs are engaged
during the design phase.

One solution is the use of concurrent engineerdigThis is a strategic concept leading to
the systematic approach dealing with integrationalbfaspects of the product lifecycle
constraints (included manufacturability, assembig aeparability considered at the earlier
phases of the design process).

DF is in this case a powerful method composed ofe& of software tools and
methodologies offering the design, the simulatitme initiation and the optimization of
production systems [2, 3].

Issued from concurrent engineering and Computeghated Manufacturing (CIM) the DF
approach aims to reduce the validation loops bymmg the integration of the product
manufacturability and productibility with businessnstraints as soon as possible.

By simulation all activities of a factory, the DHaavs the identifications of problems
related to production processes and helps to ptadymroduction process changes for a more
efficient production [4]. The DF approach can ditp to reduce the time-to-market to lower
efforts and to eliminate handling errors.

Companies are increasingly using simulations t@nshg their production processes by
integrating simulation in the adopted methodolofgesign and validation [5].

Despite the existence of many simulation toolsgragng DF, their implementation in
companies is until now not enough and does noy &akisfy the needs of the industrials [6,
7]. Several issues explain the roots of this sibmat(1) DF is intrinsically complex, due to the
different levels of detail co-existing (from theesption on a specific station to the global
supply chain) and to the variety of simulation ty{peescriptive vs. based on events [8]) and
(2) Different actors in the company, with very diént point of view are interacting in the DF
scope: designer, agent of simulation productionraadufacturer.



Due to simulation complexity new techniques of ngement are needed [9]. We target in
this papetto develop a conceptual model dedicated to the management of DF simulation
information. This model has to take into account the varidtgimulations implied in DF,
the diversity of actors and the information flowstween them, as well as the interactions
between the DF environments and other phases dtiptdifecycle, the system information is
proposed by consequence.

In order to identify the interactions of PDP and W& do analyse in section 2 an overview
of design methodologies commonly used in indudrdiversity of simulations used in DF is
analysed and two cartographies of actual and pempesmulation tools are introduced in
section 3. A conceptual model for simulation infatran management is proposed in section
4. The validation of the architecture and an indalsapplication are made in section 5 while
the conclusion and perspectives are in section 6.

2. THE ENGINEERING DESIGN PROCESS

It is important to analyse the Design Theories dMethodologies (DTM) to identify the
interactions between the PDP and DF. In [10] thbas propose a complete review of DTM
currently developed and used in industry and teachConsidering this research work, our
analysis is also based on a framework which has geaerated to define the boundaries of
the design process phases, highlighting the comlitiesaand differences between each
phase [11]. In this work, three families of DTM grmposed: systematic design, integrated
design and simulation-based design (SBD). The gngui based on similarities of actors,
interaction in PDP, the importance of simulationd &pes of information flows.

21. Systematic design family

One of the most popular methodology of systemaggigh is proposed H¢2]. The lifecycle
process is identified by functions, not by proces3éis idea changes the ordinary view of
the design process i.e. objectives are importahhbuthe way to fulfil them. In their model,
the design process is decomposed further intorfain phases: Planning and clarification of
the tasks, conceptual design, embodiment designetad design. Methodologies such as the
VDI (The Association of the German enginedns3], integrated desigfil4] or Engineering
System[15] can be included in this category. These variousagghes are focused on the
product development. The development phase of ptmauis also treated, but only in the
end of detail design. This generates consideralontme during the launch of the
production, due to the number of redesign iteratidndeed these iterations have an impact
on the time-to-market, and the development and faatwring of the product. Another
inconvenient of this methodology is that the infatiman of customers and the resources are
not mentioned in the design process.

2.2. Integrated design family

Integrated design family groups DTM that consideif®erm of actors’ collaboration through
the insertion of specific constraints in the desitg activity. Product design has indeed a
considerable effect on product properties in ey#rgse of the lifecycle of the product. This
requires the integration of lifecycle constraintsidg its development. This integration helps
to develop better products in terms of requireméuntsment, cost, quality and development
time [16, 17, 18]. It involves the simultaneous sideration of design characteristics and
constraints, some of them imposed by manufactutmgeneral, product lifecycle constraints
are considered during the embodiment and detads@yd phases. The objectives are to avoid



redesign loops and to integrate manufacturing médion into the design process as early as
possible.

Many design methodologies can be included in tategory. We can refer to Integrated
Product Development [17], Design For Manufactur(g-M), axiomatic design [19], set-
based design [20], etc. Integrated design doesomgider the issue of simulation in their
model. The growing complexity of products requities use of simulation to show in detalil
the various scenarios and choose the best solution.

2.3. Simulation based design family

The Simulation Based Design (SBD) concept refethéause of simulations during the whole
product lifecycle. The objective is to validate tiehaviour of the product during its lifecycle.
It can be implemented by the integration of newtdigechnologies and new methodologies
[21]. Other work aim to facilitate the integratiohdesign and manufacturing modelling at the
concept design stage, including c¢2e]. In particular, this methodology allows easiest
exploitation of digital manufacturing simulationpadilities.

These various approaches emphasise the simuldtiproduct to be developed by taking
into account some simple constraints of the prodietycle. This methodology does not
integrate the product development phase (analysask, conceptual and embodiment design
etc.) in the simulation one.

24. Synthesis

The development process described in these DTMIdhmmi be considered in two parts: the
product development process and the productionlol@veent process. Indeed, it should be
considered as a whole, to really integrate the etations between the product and its
production system. To achieve such an objectiveenel tools dedicated for product
simulation and production simulation exist to date,need a framework to manage the global
development process and the information flow fegdims process. At this end, we propose
to first analyse the existing tools and methodSHn

3. CARTOGRAPHY OF DFE SIMULATION TOOLS

In this section, we present the current DF staterbénd introduce proposed cartographies of
simulation tools used in DF.

DF concept is defined as an integrated approaghpoove the product and its production
engineering processes, by the use of simulatioh E&wulation is a key technology and can
be applied in virtual models on various informatierels and stages to improve the factory
planning [24, 25]. The objective is to design amdimize the development of product in a
collaborative environment concurrently with its guation engineering.

To support such approach, a large diversity of &tran tools exists [8]. It is thus
possible to realise a flow simulation at the leskh production line, in order to define the
stock level necessary to obtain a satisfying custoperformance, or to realise the offline
programming of a robotic cell, part of the samedpiaiion line. This purpose is achieved by
series of tools, such as 3D modelling programsmulgtion programs.

Nevertheless the tools of DF are based dPPR (Product, Processes, and Resources)
philosophy. Process is represented by a suite efatipns, in which are specified the
resources (tools, robot, machine tool etc.). Thierhational standards provide several
definitions for the Product, Process and Resou(t®®/CEN 19439, ISO 10303-49, ISO
15531-1, ISO 18629-1, etc.). Even if the differenaee quite small, their existence proves the



difficulty to obtain a consensus over these coredpor this paper, we propose to use these
definitions, coming from the ISO:

» Product A thing or substance produced by an artificialqess,

» Process Structured set of activities or sub-processegoluing various enterprise

entities, that is designed and organized for argpugrpose,

* Resource Device, communication network, equipment, humanmmaterial used in

and/or controlling a process.

Fig. 1 proposes two cartographies of DF simulatiools. The first one analyses the
existing tools, and the second one presents oynopem cartography. For that purpose, three
axes are considered, which represent three priasgrgcts of the simulation capabilities.

The first simulation axis represents the capacityools to integrate data from product,
process and/or resource. This is especially impobrita DF to secure the information of
products and processes during an early phase dlagewent and also to follow-up the
evolution of products and production with the ugdigital models [2].

The second simulation axis is the integration ofPPphases. To create this axis, we
adopted the four phases considered by [12], mesdi@bove: analysis of task, conceptual
design, embodiment design and detailed design.faie is motivated by the fact that most
of the design methodologies adopt the same phasgbsdifferent nomination and in a
different order of design phase’s launch.

The third simulation axis is the ability to varyethevel of details of the simulation as
required throughout the virtual representationhef lifecycle. We have adopted the six levels
of details of the DF proposed by the projects DFd6d DF 2 [8], corresponding to an
aeronautic vision of the extended enterprise Fig.H&se levels correspond to specific needs
for the design and simulation of the productiontesysbehaviour, and so to specific actors of
the production system development process, witin tiven tools and methodologies.

The current cartography (Fig. 1) demonstrates lack of interactions between the
different simulation tools. For instance, at eadtage and each detail, there is a clear
separation between the tools acting on the produadt the ones acting on process and
resources. This separation is reflected in theréiduy the vertical line separating the product
of processes and resources during the detailedrdgsiase. This creates a gap in the PPR
integration: with the current tools, every timeesigner makes a change on the product, there
is no effect on the simulation of production pracesd all the process of production
simulation must be repeated.

Moreover, there is a clear breakdown between tacli®ig during the embodiment phase
at the line level and the ones acting during th&ailbel design at the station level. This
breakdown implies a large information gap that Wwél complex to fill in order to ensure the
continuity of information flow over all the PDP.

In summary, in DF scope, many software solutiorsetleon CAX are already available
for product related to their environment, but dated for the most part to detailed design
phase. Nevertheless, the main issue is not théeeges of adequate tools but their capability
to communicate between them and ensure a globaistency of the product and its
production system during the early stages of prbdasign.

Very few works propose a solution to enhance thmmoanication between simulation
tools. Most of them are dedicated to Computer Ai@edjineering, i.e. product simulation
behaviour, like [26, 27, 28]. Only the approachadié®d in [29] has been proposed within the
DF, but they do not tackle the problem of multiptgors in DF.

As a consequence, the objective of this workagropose a conceptual model for
managing simulation information in DF as early as possible in the PDP.
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4. DEVELOPMENT OF A CONCEPTUAL MODEL FOR MANAGING
SIMULATION INFORMATION IN DIGITAL FACTORY

A system that supports simulation information sdobé able to integrate the information
related to the product and the process using teeuree data, which are all in different
formats (Fig. 3). The simulation captures not omiys information, but contains the
relationships between them. In fact, to act asrdral element between product and resource,
the process element has to be specified in détain a technical point of view, different data
structures of process type have to be differerdif28].

The agents of DF simulations need to explore thrgmation models to support global
coordination decisions:product information model, manufacturing (and production)
information model andrder information model. Fig. 3 illustrates the main dtions and the



information flows when simulation agents use thrdermation models to support decisions-

making. The solid arrows indicate that the simolatagents get the required information and
knowledge from three views; the dashed arrows atdi¢the simulation results information.

The colour of arrows indicates the specific infotima and knowledge classes and its result
after simulation.
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Figure 3: Information flows in a simulation process

The following sections will only discuss two infoaton models (product and
manufacturing) and their relationship. Thereaftesimulation model is drawn. The order
model is regarded as information or a constrainbeotaken into account during product
development.

41. Information view definition

The PDP can be considered as the results of sexevgboints trying to collaborate to satisfy
the requirements of each stakeholder. We definthig paper the concept eofew asthe
cognitive scheme of a specific actor of the PDRylying specific representations for data
and information to be understood

In [30] the authors analyse the design and marnwfact views and their interactions in
order to propose a framework supporting multiplewpoint information integration.
According to our research objective, we base oaceptual model on their approach and add
the specificities of simulation information (esglyi DF one), which are missing in their
proposition.

As a consequence, Fig. 4 illustrates three viewssidering a metallic tank design and
production. In this example, thensumer product designer considers the metallic tank by
taking into account its functionality, characteastand the customer requirements. Tdrek
designer performs the design and determines the manufagtysrocess, i.e. the welding
process, the rolling technique, etc. Further,ttdmk manufacturer considers the preparation
of the production, like the association of manufaag operations to station and operators for
instance, with the objective to ensure an adegpiatéuction for a good product as early as
possible.
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In the next section, we propose to enrich the prbdund manufacturing information
model proposed by [30] in order to support inforimrarequired for DF simulations.

4.2.  Product and manufacturing information model

The concepts of Product and Manufacturing modeds dafined as a type of information
Models [31]. In the standard ISO10303-1994, infaroramodel is defined as a formal model
of a bordered set of facts, concepts or instrustidm meet a specific requirement. There are
other research works who define this product andufgeturing model [32, 33, 34, 35], but
none of them includes the concept of simulation ehodhich is also a type of information
model.

In Fig. 5, the authors of [31] proposeRrbduct” class, with whom five classified classes
are linked with aggregation relationships. In matiar, this structure elicits some subclasses
of the *View” class, allowing the definition of different viewdsiring the PDP.

Better than using theOther View” class, we define aProduct Simulation View” class,
which represents the product and manufacturingrimédion needed to make a simulation.
This information is taken from the product moddbmmation such as the chosen process, the
general shape of product, orders of assembly,dleetson of resource etc.

The structure of groduct simulation view” class can be further developed to capture
low-level information. In Fig. 5, we so define thBroduct simulation” class and the P-
Manufacturing ssmulation view” one. The first class is proposed to capture miaiion that
facilitates decision-making during the product depenent process, e.g. order of assembly,
function simulation etc. The second class is desigo link information between the product
and their production process and represent the uptothformation needed to make
simulation.

Moreover, we choose as manufacturing model the poposed in [36]. This model,
which stands for how the resources and procesgeasad, captures information relating to
four major aspects of the enterprise, i.e. the ggses, resources, strategies and views. In
particular, the Views’ class is related to theé~acility” class with aggregation relationship to
propose different views of the facility according the level of detail and the different
alternatives proposed.

We propose to enrich this/few” class with the class d¥1-Manufacturing simulation
view that captures all the manufacturing informatioredesl for simulation. Examples of
information captured from manufacturing simulatisew in manufacturing model can be:
plan layout, organization of workshops, arrangenoémiachines, etc.



In Fig. 5, the classes in gray represent our doution to both information models. These
classes support information necessary to carrylfmisimulation, which is an inevitable tool
for the product development in digital factory.
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Figure 5: Top-level classes of product and manufagg information with some subclasses
of the view class (in white, classes coming frorh, [36]; in grey, added classes).

4.3. Modédlingrelationships between product and manufacturing information models

The study of relationships between information megglifor simulation, taken from product
and manufacturing model, is crucial. In fact, fon @ntegrated approach of product
development, we should ensure that these two tgpedormation can work together in the
same environment in order to help making the regision at the right time.
We so propose in Fig.6 thBigital Factory class, as an aggregation of the product
information and M-manufacturing one.
0

| Digital Factory simulatior+
=

| Product simulation vie\k—(> M-Manufacturing simulation view

Figure 6: Relationship between product, manufaatuand simulation model information.

The manufacturing model maintains all manufacturimgcess information for all
products whereas the product model needs only fapecanufacturing process information
for product fulfilment. For this reason, there are-way interactions from the product model
to the manufacturing model [35, 36, 37]. This metrad communication between product
properties and global manufacturing capabilities @aly begin with product information. We
can found appropriate manufacturing process inftonaresource information etc. from
product characteristics information. Hence, the uf@cturing model cannot be the origin of
the communication with the product model.



5. APPLICATION ON AN INDUSTRIAL USE CASE

In a first time, we propose to validate the comgtess of our proposed model, before
developing the information system based on it. Thieve such objective, we apply our
model to an industrial use case, which is a matalstuction manufacturing. During the
project, all the data and information collected ayeherated have been integrated in the
conceptual model and we search for lacks in theetsod

We concentrate our study on one department of angpany, which was the assembling
metal tank (standard EN 12285-2). The objectiveoismeliorate theonfiguration of the
manufacturing process for such products, andeduction of the production-time is the
most important performance indicator for comparing the manufacturing system
modification propositions.

We adopted the following methodology:

1. an analysis of the current situation has been fiestormed and a collection of data and
information has been obtained. This stage has tesdised by a study of the real plant and
interviews with company’s experts,

2. from the initial situation, simulation models habeen created to model the current
behaviours of production processes and resourdersgs with the objective to validate
the adequacy between the virtual factory and theaee and so ensure the consistency of
further simulations,

3. after analysis of interviews and simulations, wgehproposed a solution to improve the
production system. This solution has been explaieitie simulation models to prove the
added-value and the production-time reduction,

4. finally, we have formulated a set of specificatianfsthe proposed solution, using the
simulations as communication media too.

We llustrate in Fig. 7 an example g@roduct simulation information: the digital
description of the product assembly process witllo@itassignment of resources available in
the plant. The numbering follows the order of mésalk assembling process. An example of
P-Manufacturing simulation information is the routings of the assembly prgcesith
adequate stations assigned. Lastly, an exampbl-ofanufacturing simulation view is the
complete assembly process in the virtual factomrenment.

Fig. 7 also illustrates an example of informatioavigation between sub-classes of
productsimulation view andM-manufacturing simulation view. In this use case, we separate
the transformations of information views from protdunodel to manufacturing model into
three transformation type:

1. the product simulation information is first transformed into th&-manufacturing
simulation one: for instance, we associate to the assemblgeps the adequate stations,
with possible loops of process validation. Thisetypf transformations illustrates the
navigation of information between views in the samedel and as a consequence, this
transformation is &nowledge-based transformation [31],

2. the P-manufacturing simulation view is then transformed into thd-manufacturing
simulation view: for instance, the stations are located ia ptant layout. This type of
transformation illustratethe navigation of information between two different models,

3. the three views are finally integrated, to realiie simulationof process assembly in a
digital environment. This type of transformatiolustrates the needs for maintaining links
between the views, to perform modifications andrioepments in shorter cycles.
Simulations have been used to test new machingsutlaand products, to optimize

systems, to increase productivity, quality and aongr satisfaction, and to make predictions

and reliable decisions. By using the simulationldpave verified that we can reduce the

production time by 30% [39].



After this use case, we can highlight three masults about information integration and

simulation models, which validate the completercgssur proposition:

* the navigation of information from one view to dmat in the same model may be
considered as an enrichment of information modeésary to fulfil the simulation of
the factory,

» the complex relationship has been established erPt anufacturing Simulation
view class under th€&roduct Simulation View in the product model and thd-
Manufacturing Simulation view class under th¥iew class in themanufacturing
modd (transformation 2). The navigation of informatioatleen the views of two
different model is really a information conversibiom specific model information
towards a general one,

* to achieve simulations, we merge the informatioedeel for simulation, coming from
the product and manufacturing information modelkisTconceptual model supports
the integration of simulation information in produiéecycle.

%

caracteristicg

Manufacturing
model

simulation m od;||

|Pr0duct simulation vie

Strategy|—| Process | |Digita| Factory simulatiovl\

|Product simulati0||1 |P-Manufact. simuI.vie\+4>|M-Manufact.simul. viev* Product simulation M-Mianufatc'turing
view —> simulation

msCaT— view

Bl
a ’W o

Transformation

Order of tan! Manufacturln ran Ian lavou Integration ofinformation betwee
[ 2 gd mt manufacturing simulation view
~_ A A the two models

Figure 7: Information integration between viewgmduct and manufacturing model.

6. CONCLUSION AND FUTURE WORK

DF concept aims at adopting an integrated apprdacloptimize the product and its
production process. The early integration of préddevelopment in production planning
offers considerable savings in time and in costabee a larger part of product costs is
determined in the early phases of the product deweént. The key concept is here the usage
of digital simulations to design the product arsdgtoduction system at different stages of the
PDP. A large variety of simulation tools exist toplement this strategy but we enlighten a
lack of data and information management in DF alaek that limits its benefits and its
diffusion in industry.



To overcome this lack, this paper presents a canakpodel that supports simulation
information management between two views: produetwvvand manufacturing one. With
knowledge and information transformation associdtedhe views, we introduce the new
concept of simulation model, which consists of miegration of information coming from P-
Manufacturing Simulation View and M-Manufacturinginfsilation View classes. The
information transformations between views are nossfble without the knowledge of
relationships between views.

The conceptual model has been tested with suceess andustrial use case to validate
the completeness of our proposition. This studypsus the integration of information of
multiple viewpoints of product and production eviment.

Future work will focus on the development of anommhation system based on this
conceptual model. To achieve such objective, wegse to use the MERISE methodology
[40]. Once the information system developed, wé tedt our approach on a more complex
industrial use case coming from an aeronauticahpaf41].

REFERENCES

[1] Coze Y., Kawski N., Kulka T., Sire P., SottocasaBtoem J., 2009Virtual concept real profit
with digital manufacturing and simulatioDassault Systemes and Sogeti. ISBN9789075414257.

[2] Bracht U., Masurat T., 2005. The Digital Factorytviben vision and realityComputers in
Industry, Vol. 56, No. 4, 325-333.

[3] Kuhn W., 2006. Digital Factory- Integration of Silation enhancing the Product and Production
Process towards Operative Control and Optimisatiod. of Simulationvol. 7, No.7, 27-39.

[4] Arndt F., 2006. The Digital Factory - Planning asithulation of production in automotive
industry.Informatics in control, automation and robotjcSpringer Netherlands, 27-29.

[5] Nagalingam S.V., Lin G.C.I., 2008. CIM—still thelstion for manufacturing industryrobotics
and Computer-Integrated Manufacturingol. 24, No. 4, 332-344.

[6] Boime B., 2005. Le projet Usine numérique: Un proje pdle de compétitivité SYSTEM@TIC
Paris RégionRevue internationale d'ingénierie numeriquel 1(4), pp. 393-402.

[7] Wiendahl H.P., ElImaraghy H.A., Nyhuis P., Zdh MWiendahl H.H., DuffieE N., Brieke M.,
2007. Changeable Manufacturing - Classification,sipe and OperationCIRP Annals -
Manufacturing Technologyol. 56, No. 2, 783-809.

[8] Cheutet V., Lamouri S., Paviot T., Derroisne R.1@0Consistency management of simulation
information in Digital Factory.International Conference of Modeling and Simulatidonisia.

[9] Hagele J., Hanle U., Kropp A., Streit M., 20The CAE-Bench project — A web-based system for
data, documentation and information to improve dation processes Available from:
http://www.mscsoftware.com/support/library/conf@@®/p03300.pdf, [accessed March 2010].

[10] Tomiyama T., Jin Y., Lutters D., Kind C., Kimura B009. Design methodologies: Industrial and
educational application€IRP Annals Manufacturing Technolggl. 58, 543-565.

[11] Howard T., Culley S., Dekoninck E.,2008. Describitige creative design process by the
integration of engineering design and cognitivechgyogy literature Design Studiesvol. 26,
160-180.

[12] Pahl G., Beitz W., Feldhusen J., Grote K., 19Bgineering Design—A Systematic Appraach
Springer, Berlin.

[13] VDI 4499, 2006. Digital factory Fundamentals Resource document. Available from:
www.vdi.de [Accessed March 2006].

[14] Ulrich K., Eppinger S., 200£roduct Design and Developme8f ed. McGraw-Hill, New York.

[15] INCOSE - International Council on Systems Enginagri2012. What is Systems Engineering?
Available from: http://www.incose.org/practice/wisatystemseng.aspx, [accessed April 2012].

[16] Swift K.G., 2003. Process SelectioRrom Design to ManufactureButterworth Heinemann.
Second edition, ISBN 0 7506 5437 6.

[17] Andreasen M., Hein L., 198htegrated product developme®pringer Verlag Ltd., New-York.



[18] Ferrer 1., Rios J., Ciurana J., Garcia R.M., 20¥ethodology for capturing and formalizing
DFM. Knowledge Robotics and Computer-Integrated Manufaw, vol. 26, 420-429.

[19] Suh N.P., 2005Complexity: Theory and Application®xford University Press, Oxford.

[20] Sobek D.K., Ward A.C., Liker J.K., 1999. Toyota'sinBiples of Set-Based Concurrent
engineeringSloan Management RevigWol. 40, No. 2, 67-83.

[21] Maciej A.B., 1998. Simulation based desigournal of Materials Processing Technologyl.
76, 8-11.

[22] Curran R., Gomis G., Castagne S., Butterfield digae T., Higgins C., McKeever C., 2007.
Integrated digital design for manufacture for restliclifecycle cost. Int. J. Production
Economicsvol. 109, 27-40.

[23] Dan Fang C., 2009nformation Management for the Factory Planning &ss Licentiate
Thesis in Production Engineering Stockholm, SwetfeBN 978-91-7415-450-4.

[24] White, L. R. (2012). A Hierarchical Production Rtamg System Simulatornt. Journal of
Simulation ModellingVol. 11, No. 1, 40-57, doi:10.2507/13SIMM11(1)g9aL

[25] Bley H., Franke C., 2004ntegration of Product Design and Assembly Planrimghe Digital
Factory. Institute for Production Engineering/CAM Saarlddaiversity, Germany, 6p.

[26] Joshi A.A., 2004. CAE data management using ti@auali PDM systemsProceedings of ASME
2004 Design Engineering Technical Conferen&adt Lake City, USA.

[27] SIMULIA, 2007. The case for Simulation Lifecycle Management - Sithtepaper Available
from: http://www.simulia.com/products/sim.html [Aessed September 2011].

[28] Song I.H., Yang J., Jo H., Choi S., 2009. Developnw a lightweight CAE middleware for
CAE data exchangént. J.of Computer Integrated Manufacturingol. 22, No. 9, 823-835.

[29] Fortin C., Huet G., 2007. Manufacturing Process &mment: iterative synchronisation of
engineering data with manufacturing realities. J. of Product Developmentol. 4, 280-295.

[30] Gunendran A.G., Young R.L.LM., 2006. An informatiand knowledge framework for multi-
perspective design and manufacturilng. J. of CIM Vol. 19, 326-338.

[31] Costa C.A., Young R.I.M., 2001. Product range medgipporting design knowledge reuse.
Journal of Engineering Manufactuyrg’ol. 215, 323- 337.

[32] Valentan, B.; Brajlih, T.; Drstvensek, I.; Balic, (R011). Development of a Part-Complexity
Evaluation Model for Application in Additive Fabdtion Technologies, Strojniski vestnik —
Journal of Mechanical Engineering, Vol. 57, No. 709-718, doi:10.5545/sv-jme.2010.057

[33] Krause L., Kimura F., Kjellberg T., Lu S.C.Y., 199roduct ModellingAnnals of the CIRP
Vol. 42, No. 2, 695-706.

[34] McKay A., Erens F., Bloor M.S., 1996. Relating puotidefinition and product varietiResearch
in Engineering Designvol. 8, 63-80.

[35] Liu S., Young R.I.M., 2007. An exploration of keyféormation models and their relationships in
global manufacturing decision suppodiournal of Engineering Manufacturgol. 221, 711-724.

[36] SliSkovic, D.; Grbic, R.; Hocenski, Z. (2011). Qudi data preprocessing in the adaptive process
model building based on plant dafachnical Gazetté/ol. 18, No. 1, 41-50

[37] Logozar, R. (2012). Algorithms and data structdmsthe modelling of dynamical systems by
means of stochastic finite automatachnical Gazette/ol. 19, No. 2, 227-242

[38] Molina A., Bell R.A., 1999. Manufacturing model repentation of a flexible manufacturing
facility. Journal of Engineering Manufactyrgol. 213, No. 3, 225-246

[39] Ayadi M., Costa Affonso R., Cheutet V., MasmoudiRiviere A., Haddar M., 2011. Proposition
d’'un modéle d'intégration des simulations pour ' Conferencegoujda,(Morocco).

[40] Nanci D., Espinasse B., 1996ngénierie des systemes d'information, Merise, Baoe
génération Sybex, 3rd edition

[41] Cheutet V., Lamouri S., Derroisne R., 2011. Prdpwsiof a framework for consistency
management between Digital Factory simulatidhmceedings of International Conference on
Industrial Engineering and Systems Management (TES)MMetz (France)



