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ABSTRACT

Currently, product design is mainly influenced by customer requirements, i.e. designers are more and
more focused to have a well-balanced product between function and form. However, other
requirements from corporate processes such as assembly process engineering should be taken into
account during the product development process to avoid iterations problems and therefore a lack of
efficiency and productivity. Based on intensive research over the past several years through assembly
process planning and Design for Assembly issues, an emergent research topic is bound to integrate
product design and assembly sequence planning in the broader context of Systems Engineering and
Product Lifecycle Management. Thus, a top-down approach called “Assembly-Oriented Design” is
considered to design product integrating assembly process engineering information in a right first time
approach. This paper presents an assembly-oriented product structure methodology based on assembly
rules using the System Modeling Language paradigm to model product views relationships for
assembly in the early stages of the design process. The proposed approach is based on the multiple
domains and multiple views model. The presented industrial automotive case belongs to an exhaust
system: a Catalytic Converter & Diesel Particulate Filter system.
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1 INTRODUCTION

Currently, products are more and more customer-centric to the point that designers are more and more
concentrated to have a well-balanced product between function and form instead of involving
corporate process like assembly process engineering that can deeply impact the product development
process. To design a product by considering assembly issues, such as assembly process planning
(APP), will impact on design choices, product structure, product modeling and therefore on the
product development process. The important issue of APP has been a subject of intensive research
over the past several years with a variety of computer-aided assembly planning (CAAP) tools [1] [2].
Since then, much research related to Design for Assembly (DFA) has been developed [3] [4] [5]. This
research has introduced assembly issues in the detailed design phases leading to a redesign and
consequently to inefficiency during the design process. An emergent research topic is bound to
integrate assembly issues into preliminary design stages to improve the design productivity and
efficiency. This proactive approach is considered as a top-down approach called “Assembly-Oriented
Design (AOD)” [6]. AOD is a promising way to bring out a contextual way for product structuring and
modeling by taking into account the resulting preliminary assembly sequence in the early design
stages. Keeping in mind this main issue, this paper describes an initial effort towards an assembly-
oriented product structure methodology based on a product model integrating stakeholders’ views in
product and assembly process domains. The System Modeling Language (SysML) [7] paradigm is
introduced to describe our model supporting our assembly-oriented product structure approach in the
broader context of Systems Engineering (SE) and Product Lifecycle Management (PLM). Considering
information and knowledge from the multiple views/viewpoints identified according to the
stakeholders’ concerns through product life cycle is a key element to design a product in an integrated
and collaborative way. Our paper starts with an overview of the industrial issues and research
approaches. The current challenges associated to our previous and related work [8] has led to the
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development of a proactive and interactive DFA methodology [9] in the framework of AOD
approaches. Our methodology considers assembly process engineering in preliminary design stages for
product structuring and promotes a top-down approach based on the Multiple Domains and Multiple
Views model (MD-MV) [10] [11] integrating an emergent Contextual View to support the product
structure (Structural View), the product modeling (Geometric View) and others. Finally, our proposed
approach is illustrated by an industrial automotive case belonging to an exhaust system namely
Catalytic Converters & Diesel Particulate Filter system.

2 INDUSTRIAL AND RESEARCH BACKGROUNDS

2.1 Industrial issues

The current industrial context in terms of Quality-Cost-Time leads automotive industry towards
several issues regarding engineering design and manufacturing planning. Indeed, approaches such as
collaborative [12] and systems engineering [13] must be set up to facilitate co-operation and
coordination in large scale projects involving many different disciplines. This need for improvement in
terms of effectiveness and efficiency of existing engineering design processes is highlighted in [14].
Companies are facing their own corporate configuration context integrating geographically scattered
teams and networks of expertise through each actor [15]. For most automotive industries, the product-
process integration issues are still a great challenge. Product design and assembly process planning
domains have received more attention in each community for the past decades. However, a gap
between both cannot be denied. The main reasons are the combinatorial complexity of assembly
sequences mainly due mainly to the part number, and the difficulty to have an explicit assembly
sequence in coherence with product-process director parameters. Therefore designers often neglect
assemblability analysis during the product development process and assembly planners generate
assembly sequence manually, starting from a complete product definition with their own interpretation
and without the support of any appropriate tool [16]. This context is reinforced with a traditional
oriented-part approach called Bottom-up, considering part design before assembly design. Therefore,
the current challenge in automotive industry points to the integration of assembly engineering
information into the product development process, and more particularly in preliminary design stages
in order to bring a contextual support for product structuring and product modeling (Top-down
approach).

2.2 Research approach

In the ultra-competitive context previously described, knock-down traditional organizational silos with
manual process, such as the assembly sequence generation, - already exist. These problems have
caught attention over the past decades with various methods and tools to support APP. A significant
amount of research has been made on the automatic generation of assembly sequence in CAAP
(Computer Aided Assembly Planning) system [1] [2]. However, experience on complex products has
shown that the assembly sequence generation approach must be realized in a semi-automatic way
because of the several assembly parameters at various abstraction levels of the product. This issue
pointed to the importance of decisions taken during the design process so that the DFA concept could
emerge [3] [4] [5]. This approach gathers a multi-disciplinary team to evaluate and validate product
design and to allow its suitability for the APP stage. The DFA approach, considered as a reactive tool,
lays out formal analysis procedures starting from detailed geometry and leading to redesign rather than
advice or assistance during the design process. These efforts have been directed towards each
engineering community. An emergent research topic called “Assembly-oriented design” is meant to
integrate APP into the earlier preliminary design. This proactive approach promotes a top-down design
approach, and focuses on the product creation process related to systems supporting assembly aspects.
Emerging solutions have been developed to break down the traditional barriers which block free flow
of information among product design and manufacturing process. Indeed, Digital Manufacturing
integrates functionalities from Manufacturing Process Management (MPM) and Computer-Aided
Process Planning (CAPP) systems as described in [17]. This current strategy tends to be integrated into
the PLM environment in order to give a better understanding of product-process relationships for
companies [18]. Digital Manufacturing enables the product-related process definition in a concurrent
way. Therefore, the main industrial manufacturing company objective is compliant with a PLM
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strategy. Subsequently, the current challenge is the product/process integration into the broader
context of PLM and SE in order to cover product design and APP stages.

3 ASSEMBLY-ORIENTED PRODUCT MODEL

3.1 Product modeling

Our proposed model [11] is based on the strengths of existing product models in literature and

integrates current needs in terms of PLM: Systems Engineering from preliminary design stages and the

system decomposition according to involved stakeholders’ views in product and assembly process

domains. Product models such as FBS (Function-Behavior-Structure) [19] [20], Multiple Views [21],

MD-MV (Multiple Domains-Multiple views) [10], PPO (Product-Process-Organization) [22], CPM

(Core Product Model) [23] and OAM (Open Assembly Model) [24] present a way to decompose the

product according to its lifecycle and related views, thus separating the different stakeholders’

concerns. Our model is based on MD-MV model and IEEE Standard 1471 viewpoints [25] integrating

the AOD context where:

e  Each domain is a representation of a whole system or sub-system from the perspective of product
lifecycle phase (design, assembly, etc.),

e  Each view is a representation of a whole system or sub-system from the perspective of a single
viewpoint (functional, structural, geometric, etc.),

e  Each viewpoint is a specification of the conventions and rules to build and use a view for the
purpose of bringing out a set of stakeholder concerns.

3.2 Identification of stakeholders and related views

To define each view throughout design and assembly process lifecycle phases, we have focused on
general DFA rules and five involved stakeholders: product manager, designer, process engineer,
assembly planner and ergonomist in Table 1. These rules tend to simplify assembly sequence
generation by minimizing the product complexity.

Table 1. DFA rules and stakeholders involved

No. DFA Rules Product Designer Prqcess Assembly Ergonomist
manager engineer | planner
Minimize product complexity
| Reduce part count with
multifunctional part [26]
2 Eliminate fasteners [26]
Structure the product
3 Integral vs. modular
architecture [27] [28]
Allow functional sub-
4 assemblies to be tested
independently
5 Minimize part/sub-
assembly weight [29]
6 Use stable sub-assembly
[30]
Ensure that the product has
7 a suitable base part on
which the assembly is built
[31]
Simplify assembly operations
8 Facilitate handling [29]
9 Facilitate insertion (design
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parts to be self-aligning and
self-locating) [26] [32] [33]
10 Minimize assembly
directions (orientation) [32]
1 Use symmetric parts (avoid
slight symmetry) [26] [34]
12 Provide orientation features
[26] [32]
13 Insert parts from above (use
gravity) [32]
Ensure accessibility/vision
14 for insertion and fixturing
tools or fingers [32] [29]
15 Minimize use of flexible,
small and sharp parts
16 Check materials
compatibility
17 Eliminate adjustments
(through tolerancing)
13 Use kinematics design
principles
Choose the correct joining
19 method (avoid joins,
separate joining elements,
Standard design
20 Standardize parts (to reduce
part type) [32]
21 Use standard materials
22 Use standard joining
processes

We consider that these 22 rules will impact on design choices, product structuring, product modeling
but also assembly operations/activities. Three assumptions are to be analyzed to build our model:

1.

2.
3.

The product is the result of a top-down design approach integrating activities conducted by
various departments and disciplines involved (Design For X approaches),

The product is the result of various assembly operations starting from a high abstraction level,
The assembly sequence and DFA rules as a contextual support to AOD.

Thus, we have identified 3 domains and 5 different views in the context of AOD:
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Design Domain:

Structural view (or ontological view) considers the structure of the system,
Functional view considers the functions of the system,

Behavioral view considers the system behavior,

Geometric view considers the form and position of the system,

Contextual view considers the system in the design context.

Assembly Process Domain:

Structural view considers the structure of assembly operations,
Functional view considers the functions of assembly process,
Behavioral view considers assembly sequence planning,

Geometric view considers the interface between two components,
Contextual view considers the system in the assembly process context.

Use Domain:

Functional view considers the used functions in the assembly process,
Structural view considers the structure of operator activities,
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Contextual view considers the system in its handling during the assembly process.

3.3 A multiple views model for AOD

The proposed model is represented with SysML Package in order to organize the views and domains
identified previously (Figure 1). SysML has extended the concept of view and viewpoint from UML
to be consistent with the IEEE 1471 standard. This enables stakeholders to specify the product model
aspects which are important to them, and to represent such aspects of the system in a specific view
integrating its own set of features [35] [36].
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Figure 1. MD-MV Model adapted to the AOD context

The lack of specific assembly process engineering data in preliminary design phases can be found. The
use of higher-level features model should solve most of these problems. As described in this section,
most of the product models used in the product design is not able to provide the information needed
for APP directly, and vice versa. The promising results in APP using product models containing
assembly features have not had much influence in this domain yet. However, information generated
during APP should be stored in the product model. Thus, the assembly process data integration in the
early design stage will allow the product design and the assembly sequence generation to work in a
simultaneous and collaborative way. In this case, we have integrated stakeholders’ views into the
product model and a specific contextual view in each life cycle phase to highlight the nature of
knowledge related to decision making. The notion of context presents too complex and dynamical
characteristics to give a unique and common definition. We need to consider three kinds of context:
external context, internal context (knowledge context) and procedural context to provide information
in a proactive way [40]. From an engineering point of view, a context can be defined as the collection
of relevant conditions and surrounding influences which make a situation unique and comprehensible.
For the proposed approach, the design context will be defined by the assembly sequence master.

4 PROPOSAL OF ASSEMBLY-ORIENTED PRODUCT STRUCTURE

Based on the proposed model, the authors describe an assemblyAOD approach throughout the product
structure which is considered as a core discipline in PLM system [37]. Product structure is a way to
organize the product and the design process in the context of multi-disciplinary team and extended
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enterprise [38]. Besides, the product structure behavior can be observed through the lifecycle with
various abstraction levels like E-BOM (Engineering Bill of Materials) and M-BOM (Manufacturing
Bill Of materials) and various product configurations [39]. E-BOM depends on the functional aspect
of the product and M-BOM depends on manufacturing operations. However, there is a need to
reinforce the relation between these structures. Our proactive DFA approach lays out the integration of
assembly process engineering constraints in the preliminary design stages in order to design the
product based on preliminary resulting assembly sequence. Our previous works have focused on
assembly sequence generation starting in preliminary design [8]. Therefore, our challenge is to define
the setup product structure based on preliminary assembly sequence master in order to bring out a
contextual support for AOD. Thus, the approach can be described according to the following steps:

1.
2.

To define product lifecycle phase contexts (contextual view):

To identify the product composition (systems, sub-systems and parts, etc.) in higher abstraction
level through the functional view integrating the independance degree (integral vs. modular
architecture) (Figure 2a);

To insert specific assembly information (contact and dummy connections) with a directed graph
associated to matrix-based modeling throughout the functional view of assembly process domain
(Figure 2b);

To identify the nature of feasible sub-assemblies and assembly layers by specific algorithms [8]
integrating serial and parallel assembly filters monitored by the contextual view;

To generate the assembly sequence master in the dynamical view from assembly process domain
as a contextual support to the design process (Figure 3a);

To generate and manage the setup product structure integrating items, such as contextual support
(skeleton), sub-assembly and part, in the structural view from the design domain (Figure 3b).
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1 Py 3
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isassembled
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Figure 2. Product decomposition and directed graph associated to a matrix-based modeling
approach
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Figure 3. Assembly-oriented product structure approach based on preliminary assembly
sequence master generation

5 EXPERIMENTATION

5.1 Technical description
An industrial automotive case belonging to an exhaust system will be chosen in order to illustrate the
proposals: a Catalytic Converters & Diesel Particulate Filter system (CAT Converters & DPF). The
example is depicted as a sub-assembly of the exhaust system and satisfies two main functions:
minimizing gas emissions by redox and eliminating particulates by filtration and combustion. We have
chosen to execute our assembly-oriented product structure approach throughout various tools: a PLM
prototype called ACSP (in French: Atelier Coopératif de Suivi de Projet), a mathematical tool
(MATLAB) and a CAD system (CATIA V5) using XML exchange format for each step (Figure 5).
Starting with the product decomposition from the functional structure in ACSP PLM prototype, the
authors add specific assembly process information such as precedence and contact constraints based
on an assembly process feasibility context (Figure 6). The authors have chosen to represent the
precedence knowledge of the product in a directed graph form where each node represents a system or
a part and where each bond between nodes indicates the presence of a connection between two
elements. Among the connections, this graph identifies two types: contact connection (in solid line)
and dummy connection (in dashed line), thus bringing an assembly order constraint if there is no
contact between two components. This first assembly engineering information integration is exported
in XML format in MATLAB where three filters (2 serial sub-assembly matrices and a parallel sub-
assembly matrix) have been defined previously according to the assembly process context (Figure 7).
An algorithm taking into account these filters has been developed for assembly sequence generation in
[8]. Starting from the defined connections matrix, the algorithm allows the following steps:
e  The detection of serial and parallel sub-assemblies and assembly layers for various dimensions,
e  The interference analysis between each sub-assemblies detected and other individual components
in order to validate detected sub-assemblies,
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e The management of sub-assemblies layers integrating base parts and contextual supports
(Skeleton models)

e  The assembly sequence master generation,

e  The setup product structure generation in XML format.

The generated setup product structure is imported in a CAD System (CATIA V5) throughout the

execution of a Visual Basic script in order to be visualized and used. This script takes into account the

detected sub-assemblies, the sub-assemblies layers, the base parts and the nature of each sub-

assembly.

ACSP|
Serial sub-assembly Filters 1.Product decomposition—PLM

v
2. Connections Matrix

Precedence Contact
+

constraints constraints

Parallel sub-assembly
Filter

<xml/> W Export/import

3. Algorithms — MATLAB
Rules - Filters - Concatenations (.xml)

W result

$)

4. Assembly sequence master
MATLAB
Sub-assemblies — Layers - Orders

<xml/> W Export/import =
s
5. Set-up Product Structure
CATIA VS5

Figure 5. The assembly-oriented product structure approach with associated tools
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Figure 6. Product decomposition from PLM system (a) and directed graph associated to a
matrix-based modeling approach (b)

7-168 ICED'09



E Q

: % R

S . 5 .8 &2 3
58523 &5 &

Cat-Converter W08 1 | 1 (1[0 | 1| 1]1
OPF 1ol

Insulting System | W8 of1|0]|]0]0
Inlet Opbe| 0O|O0O|O0]|O

Outlet | 0 | -1 [-1| 0 B8] O 0|0
Bracketl | -1 | -A | O | O | O & O | O
Bracket2 | -1 |-A | 0| O | O | O el O
Pressure Bracket | -1 | -A | O | O | O | O | O (S0

- <matrix name="connection_constraints">

Converters (Cat_Converters)">

t_Converters (Cat_Converters)" Justify="0">0</matrixCell>
F (DPF)" Justify="0">-1</matrixCell>

=0">-1</matrixCell:}

csurs. Bracket (Prossure_Bracket)’ Jetiy—0'>-1</matrxCel>
Name="DPF (DPF)">

t_Converters (cn Converters)" Justify="0">1</matrixCell>
>0</matrixCell>

ressure_Bracket (Pressure._E

kel) Justify="0">2 </matrixCell>

lating_System (Insulating_System)'>

t_Converters (Cat_Converters)" Justify="0">1</matrixCell>

F (DPF)" Justify="0">1</matrixCell>

sulating._Systam (Insulating_Systerm)” Xatly="0">0</matincal>
-0

ssure_Bracket (Pressure_Bracket)’ Justify="0">0 </matrixCell>

let (Inlet)">

t_Converters (Cat_Converters)" Justify="0">1</matrixCell>
F (DPF)" Justify="0"
isulating_System (Insulating_System)® Justify="0">0</matrixCell>

<matrixCell Part="6" Name="Bracket_1 (Bracket_1)" Justify="0">0</matrixCell>

Figure 7.Connections matrix and the related XML format

:Cat_Corverters (Cat_Converters)
:DFF (DFF)

:Insulating_System {Insulating_System)
:Inlet {Inlet)

:Outlet (Dutlet)

:Bracket_1 (Bracket 1)

:Bracket_2 (Bracket_2)

L R s 3 & R L

:Pressure_Bracket (Pressure_Bracket)

Dimension 4

Dirnengion 3
[2;:3:5;

Dimension 5

Effacer ] I

Velider |

Dimension 3 Dimension 4 Dimension 5
[11:48; 1487, [11:4:8:7:8;
[CI1:4:7; [J1;48:8;

Cl1ii8; Lt za
Otier; Ois7si
O1:8:8;
Otz
Effacer J l Walider

» M Froduct
L

Figure 8. Sub-assemblies choice for assembly sequence master in MATLAB tool and the
related setup product structure imported in CATIA V5

5.2 Discussion

The authors have focused on assembly sequence master definition in preliminary design stages in
order to define a setup product structure. This proactive approach breaks out the traditional
engineering design approaches that define assembly sequence after the detailed design stages. We
have compared our assembly sequence master with the existing assembly sequence for our
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experimentation. Indeed, the existing Process Flow Chart has showed similar results. It will be
interesting to integrate other specific assembly process information (i.e. assembly directions and sub-
assemblies weight constraints) in order to complete decision support for the assembly sequence
generation, and therefore the setup product structure.

6 CONCLUSION AND FUTURE WORKS

Current status and challenges in DFA approaches have been highlighted in this paper. Assembly
sequence issue affects various aspects of product design and production and it is relevant to many
lifecycle issues of the product. Last but not least, an emergent topic called Assembly-Oriented Design
or proactive DFA can integrate assembly process engineering information in preliminary design
stages. In this paper, an assembly-oriented product structure approach based on the MD-MV Model
has been analyzed. We have taken into account the preliminary assembly sequence master generated
in early design stage as a contextual support to provide specific assembly information in a proactive
way. A setup product structure supporting contextual elements based on the assembly sequence
master, such as the skeleton model, is highlighted. In fact, considering assembly sequence and product
design in a simultaneous way focus on so many strategic and tactical aspects of the product that the
issue can be used as a natural launch pad for integrative product design. To pave the way for future
research and development in this area, the authors will integrate the model and the related AOD
approach into a PLM system in order to manage information and knowledge throughout the various
identified views.

7 ACKNOWLEDGEMENT

The research activity is a part of the CoDeKF Research Project (Collaborative Design and Knowledge
Factory, www.codekf.org) which has been funded by the French Automotive Cluster ‘Pdle de
Compétitivité Véhicule du Futur’. The authors would like to thank Faurecia Exhaust Systems Product
Group (ESPG) for their collaboration, and all the financial supports of this research program: DRIRE
de Franche-Comté, Communauté d’Agglomération du Pays de Montbéliard, Conseil Général du
Doubs and Conseil Régional Franche-Comté.

REFERENCES

[1] Dini G. and Santochi M. Automated sequencing and subassembly detection in assembly
planning, Annals CIRP, 1992, 41(1), 1992.

[2] Gottipolu R.B., Ghosh K. Representation and selection of assembly sequences in computer-
aided assembly process planning, Int. J. Production Research, 1997, 35(12).

[3] Boothroyd G., Dewhurst P., Knight W. Product Design for Manufacture and Assembly,
Marcel Dekker Inc., ISBN : 0-8247-9176-2, 1994.

[4] Miyakawa S., Ohashi T. The Hitachi Assemblability Evaluation Method, Proceedings
International Conference on Product Design for Assembly, 1986.

[5] Lucas Engineering Systems Ltd. Design For Manufacture and Assembly Practitioners Manual,
Version 10, 1993.

[6] Vielhaber M., Burr H., Deubel T. and Weber C. Assembly-oriented Design in automotive
Engineering. In International Design Conference, Dubrovnik, May 2004, pp. 1-8.

[7] SysML Partners. Systems Modeling Language: SysML, http://www.omg.org/cgibin/doc?ad/04-
08-03, August 2004.

[8] Gomes S., Demoly F., Mahdjoub M., Sagot J.C. Integration of Design for Assembly into a PLM
environment. In Global design and manufacture to gain a competitive edge, Springer London Ed.
2008, pp. 117-126, ISBN: 978-1-84800-238-8.

[9] Demoly F., Gomes S., Eynard B. and Sagot J-C. Towards a Design For Assembly Approach
based on SysML Paradigm and PLM systems., 2" CIRP International Conference on Assembly
Technologies and Systems (CATS), 21-23 September 2008, Toronto, Canada, ISBN: 978-0-
9783187-1-0, pp. 100-113.

[10] Gomes S., Sagot J-C. A concurrent engineering experience based on a cooperative and object
oriented design methodology. In Integrated Design and Manufacturing in Mechanical
Engineering, Kluwer Publishers, Dordrecht, 2002.

[11] Demoly F., Gomes S., Eynard B., Rivest L. and Sagot J-C. Vers un Mod¢le Multi-Vues pour la

7-170 ICED'09



conception orientée assemblage. 11" Collogue National AIP Primeca de La Plagne, 22-24 avril
2009.

[12] Lu S.C.Y., Elmaraghy W., Schuh G., Wilhelm R. A Scientific Foundation of Collaborative
Engineering, CIRP Annals - Manufacturing Technology, 2007, 56(2), p.605-634.

[13] INCOSE-TP-2003-016-02. Systems engineering handbook. INCOSE Technical Product, 2004.

[14] Subrahmania E. The NDIM approach to creating design support systems. In DETC’97/DTM-
3873 ASME technical conference, Sacramento, California, September 1997.

[15] Huang G.Q., Lee S.W., Mak K.L. Web-based product and process data modelling in concurrent
“design for X”, Robotics and Computer-Integrated Manufacturing, 1999, 15, pp. 53-63.

[16] Barnes C.J., Jared G.E.M. and Swift K.G. Decision Support for Sequence Generation in an
Assembly Oriented Design Environment. Robotics and Computer-Integrated Manufacturing,
2004, 20(4), pp-289-300.

[17] Chryssolouris G., Papakostas N., Mourtzis D. and Makris S. Knowledge in Manufacturing
Process Modeling : Case Studies in Selected Manufacturing Processes. In Methods and Tools for
Effective Knowledge Life-cycle-Management. A. Bernard, S. Tichkiewitch (eds.), DOI:
10.1007/978-3-540-78431-9 29, Springer, 2008, pp. 507-520.

[18] CIMdata. The Value of Digital Manufacturing in a PLM Environment Case Study: Fiat Auto
S.p.A. http://www.CIMdata.com. January 2006.

[19] Gero J.S. and Kannengiesser U. The situated Function-Behaviour-Structure framework, Design
Studies, 2004, 25(4), pp. 373-391.

[20] Gero J.S. Design prototypes : A knowledge representation scheme for design, 41 Magazine,
1990, 11, pp. 26-36.

[21] Tichkiewitch S. Specifications on integrated design methodology using a multi-view product
model, System Design and Analysis Conference, Montpellier, 1996, pp. 101-108.

[22] Roucoules L., Noél F., Teissandier D., Lombard M., Débarbouillé G., Girard P., Merlo C.,
Eynard B. IPPOP: An Opensource Collaborative Design Platform To Link Product, Design
Process And Industrial Organisation Information, IDMME'06 Conference, Grenoble (Fr),
May 17th — 19th, 2006.

[23] Fenves J. A core product model for representing design information, USA : National institute of
Standards and Technology, NISTIR 6736, Gaithersburg, MD 20899, USA, 2001.

[24] Sudarsan R., Young-Hyun H., Feng S.C., Roy U., Fujun W., Sriram R.D. and Lyons K.W.
Object-oriented Representation of Electro-Mechanical Assemblies Using UML, National
Institute of Standards and Technology, NISTIR 7057, Gaithersburg, MD 20899, USA, 2003.

[25] Koning H., van Vliet H. A method for defining IEEE Sdt 1471 viewpoints, The Journal of
systems and Software, 2006, 79, pp. 120-131.

[26] Iredale R. Automatic assembly — components and products. Metal-working Production, April,
1964.

[27] Crow K. Ten steps to competitive design for manufacturability. The second International
Conference on Design for Manufacturability. Chestnut Hill, MA, 1988.

[28] Ulrich K. The role of product architecture in the manufacturing firm. Research Policy, 1995, 24,
pp. 419-440.

[29] Norme européenne NF EN 1005-5, Sécurit¢ des machines, Performances physique humaine.
Partie 5: Appréciation du risque relatif a la manipulation répétitive a fréquence élevée, Mai,
2007.

[30] Whitney DE. et al. Designing assemblies. Research in Engineering Design, 11, 1999, pp. 229-
253.

[31] Henrioud J-M. Contribution a la conceptualisation de I’assemblage automatisé: nouvelle
approche en vue de la détermination des processus d’assemblage, Theése de doctorat, université
de Franche-Comté, 1989.

[32] Tipping W. Component and product design for mechanized assembly. Assembly Fastening and
Joining. A PERA Conference and Exhibition, Production Engineering Research Association of
Great Britain, September, 1965.

[33] Baldwin S. How to make sure for easy assembly. Tool Manufacturing Engineering, May 1967.

[34] Paterson R. Recent developments in feeding and orienting. Assembly Fastening and joining. 4
PERA Conference and Exhibition, Production Engineering Research Association of Great
Britain, September, 1965.

ICED'09 7-171



[35] de Kraker K. J., Dohmen M. and Bronsvoort W. F. Multiple-way feature conversion to support
concurrent engineering, in C. Hoffmann and J. Rossignac, eds, ‘Solid Modeling 95, Third
Symposium on Solid Modeling and Applications’, ACM Press, New York, 1995, pp. 105-114.

[36] Bronsvoort W.F. and Noort A. Multiple-view feature modeling for integral product development.
Computer-Aided Design, Vol. 36, Issue 10, 2004, pp. 929-946.

[37] Schuh G., Assmus D., Zancul E. Product Structuring — the Core Discipline of Product Lifecycle
Management, /3th CIRP International Conference on Life Cycle Engineering, 2006, pp. 393-
398.

[38] Jagdev H.S. and Browne J. The extended enterprise- a context for manufacturing, Production
planning & control, 1998, 9, pp.216-229.

[39] Eynard B., Gallet T., Nowak P. and Roucoules L. UML based specifications of PDM product
structure and workflow. Computers in Industry, 2004, 55 (3), pp. 301-316.

[40] Pomerol J-C. and Brézillon P. About some relationships between knowledge and context.
Modeling and Using Context (CONTEXT-01). Lecture Notes in Computer Science, Springer
Verlag, 2001, pp. 461-464.

Contact: Frédéric Demoly

Université de Technologie de Belfort-Montbéliard (UTBM)
System and Transport Laboratory (SeT)

90010, Belfort Cedex

France

Tel: + 33 (0)3 84 58 37 50

Fax: + 33 (0)3 84 58 31 41

E-mail: frederic.demoly@utbm.fr

Frédéric Demoly is a PhD student at the Systems and Transports Laboratory (SeT) from the Université
de Technologie de Belfort-Montbéliard - UTBM (France). He received his Master’s degree in
Mechanical Design from UTBM in 2007. His current research interest includes Systems Engineering,
Product Lifecycle Management, Design For Assembly and Assembly Process Planning.

After a PhD in Mechanical Engineering from “Institut National Polytechnique de Lorraine” (INPL) in
1999, he is currently Associated Professor at UTBM in the Department of Mechanical Engineering. He
is a member of System and Transport (SeT) Laboratory of UTBM. His current research interest
includes Product Lifecycle Management, Collaborative Engineering and Knowledge Engineering.

Professor Benoit Eynard currently is the head of Department of Mechanical Systems Engineering of
UTC (France). He is in charge of teaching and develops research works in the fields of mechanical
engineering and information technology. Currently, his research interests include Collaborative
Design, Product Data Exchange, Product Lifecycle Management, Virtual Prototyping and Digital
Manufacturing.

Louis Rivest became professor at the Ecole de technologie supérieure in Montréal, Canada, after
spending a few years in the aerospace industry. His research centers on the models, methods, tools
and processes supporting complex product development. His teaching and research activities thus
relate to CAD, Product Data Management and PLM.

Jean Claude Sagot is Professor in Ergonomics. He is Director of the Mechanical Engineering and
Design Department at Belfort-Montbeliard University of Technology. He is also Responsible of the
ERCOS Search Unit (ERgonomie et COnception des Systemes), at the System and Transport
Laboratory. His research focuses on the link between ergonomics and engineering design.

7-172 ICED'09



