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Abstract: This paper deals with the proposal of a frameworkcoordinating
design process through a PLM (Product Lifecycle afgment) system.
Design coordination implies that project managees able to structure their
project, assign resources and define the schedulkeoresulting tasks with
specific objectives and performance criteria. InaBrand Medium Enterprises
(SMEs) the design process is generally describedmacro-level which does
not fully correspond to the complexity of the reabcess. To improve design
coordination in SMEs a method for analyzing infofroallaborative practices
is introduced in order to help modeling detailed thexible design processes.
Then these processes are implemented by using Btivhologies: multi-level
workflows are implemented to control document whk& through
synchronization tasks.

Keywords: Design coordination, design process management, PLM
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1 Introduction

Design coordination implies scheduling / planniagkls and resources management [1].
In main companies the product development procedsrimalised at a high level and
project managers have to respect the general fidehfihases and milestones. They have
autonomy to structure projects and tasks but reésgethis general framework. In such a
context, coordination of the information flows withdesign teams is generally managed
through PLM basic processes centred on documéatsyicle.
In SMEs, design process is also structured andcedlyewhen the company is

involved in a quality management certification. Bubst of the time companies undergo
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external risks and collaboration between desighassa strong influence on the process
[2]. Flexibility is the main characteristic of dgsi process in SMEs even if sometimes
this situation leads to time consuming and a latkaordination. In this context the
formalization of information flows can lead to ugiprocesses that can disturb the
operations of the company. When implementing a Rlylstem in an SME, we face two
antagonistic problems: first to improve the levélfarmalization of information flows
and second to keep a certain level of flexibil@y. [

Our aim is to propose an approach that integrdteset two problems in order to
define flexible workflows based on the analysigha collaboration among designers. In
section 2 we focus on design coordination and Plystesns and we introduce the case
study that will be developed all along the papect®n 3 introduces a new approach
based on collaboration analysis to increase the lgfivformalization of design processes.
In section 4 we study the impact of this work oa thnplementation of PLM workflows
dedicated to document management as well as dpsifgct coordination.

2 Design coordination and PLM systemsin aSME

2.1 Design coordination

Today design projects depend on the ability to dimate and to control the collaboration
between the numerous actors participating in suofegts: e.g. designers, experts from
different disciplines and with different experieac®r external partners. Coordination
and control of engineering design are part of dal@pproach for the development of
new products which implies the need to identify different situations occurring during
the design process and the adequate resourcegidfy shesign objectives. In design
project management, the control of the progressesfgn process can be defined as the
understanding of existing design situations (in é& world) in order to evaluate them
and take decisions that will modify and improve fheire process, according to design
objectives given by customer specifications or éssérom the company strategy. The
control problem here is a problem of decision-mgkin support designers in their
activities [4] in order for them to achieve an athiee in a specific context (figure 1).

Design activity has “input” and “output” informatio Actors use the “input” in order
to produce the “output”, to achieve their activitpd they have “supports” namely:
human and material resources and knowledge tothelp in their work. For decision-
making, project managers need to identify effeceetion levers which will influence
collaboration thus increasing design performance.

In an SME design projects are generally differemt sequire a specific study for each
customer’s specifications. Most of the time, theaBrstructure of the SME does not
ensure project management in a routine way andsletd combine various
responsibilities. Indeed there are not enough adwfulfil each design role, so most of
the actors have various design roles in a projéonsequently the role of informal
relationships is very important in the SMEs in ortleat each design stakeholder may
help each other without rigid formalities. Thus,ethcombination of various
responsibilities and the informal relationshipsdiga a high level of workload because
informal tasks are added to the official ones. Adowly SMEs have to manage
deadlines by setting an order of priorities on giesasks according to the objectives.
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Figurel Coordination of design activities
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Another point specific to SMEs is their projectustures with a rigid formalization of
their processes at a macro level and a very flexitn-formalization of the detailed
processes which allows informal relationships ihi project.

In this context, the project manager coordinatégu(é 2) by analyzing the
requirements from the customer, after which hengsfithe project team with its internal
organisation [5]. He then defines the sub-phasth@froject plan and activities in each
sub-phase, next he defines a plan to control tbegtrprogress and finally he applies this
control plan. Periodically he controls project pegs and makes the adequate
modifications according to the results and thegiesbjectives.

Figure2 Synthesis of the project manager’s actions.
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2.2 PLM systems and coordination

PLM (Product Lifecycle Management) systems are @l within companies to support
product data structuring and management througti@uproduct development process.
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They manage information through document managemedtespecially product data
evolution using predefined workflows [6]. Actual MLsystems integrate Internet-based
technologies and offer groupware-like functionelti[7, 8] for collaboration among
actors. Several PLM systems have recently introdlugeroject management
functionalities [9]. Most of the time these functaities allow the formalization of tasks
and milestones schedule. Nevertheless this projegtiementation reveals strong
limitations [10] if correlated with design coordtian. On the one hand the management
of deadlines and the modifications of tasks seqeian be made dynamically.

On the other hand, it is not possible to ‘reusedefined tasks sequences or to ‘redo’
specific ones as compared to workflow capabilitid&in limitation concerns the
impossibility to drive documents life cycles frolrettasks schedule. If a deliverable can
be associated to a milestone, this only meanstibagnd of the deliverable lifecycle must
occur when the milestone is achieved, but no synthation is possible before the
lifecycle end. Consequently in the SME context wesider that there is no integration
between macro-level project management and theoresel document oriented process
management, each level being managed through d@ifféaechnologies implementation.
Nevertheless some PLM systems are able to manadélove without associating them
to documents: the proposed framework will be basethis assertion.

These considerations highlight the necessary fiiyilof a design process in an
SME. If the process is predefined at a global |leeit is required by a PLM system, this
is rather incompatible with actors from all depastits working daily in a context of
“mutual fit". The processes of cooperation are gjuibstructured and the confrontation of
the various project teams’ points of view leadsnfmrmal and unofficial information
exchanges [2]. When establishing a schedule in & 84 an important issue to identify
what must be really controlled and so predefinedugh a workflow, and what must be
encouraged and not detailed. The management opribduct development processes
requires greater flexibility in the activities [1IThe coordination through PLM systems
must be studied in order to integrate document flaals and to introduce flexibility into
such workflows [12] for global project coordination

2.3 Presentation of the case study

The industrial case study has been achieved invé® \Bhich, some years ago, developed
a new means of manufacturing structures using hmml sub-assemblies. This
innovation confers lightness and significant vikmat absorption on products whilst
maintaining similar rigidity to steel. The compahgs captured several markets with
products manufactured using its technology and equmsntly the number of employees
grew from 4 to 40 over 10 years. Over this pertogldrganisational structure and internal
processes have not been formally revised. The twgeof our study was to help the
company to reorganise and to introduce the rol&lesign project manager” in order to
manage further growth. In this context, problemsogjanisation, project management
and relationships with suppliers, customers, aft@otractors come into play. We have
first studied and analyzed the company’s designiaddstrialisation department. Then
we have formalised: a new organisational structilve;processes of development of new
products and the management of technical informadiad of product data.

After this first phase we have focused our worktba study of collaboration and
relationships between actors and on the desigre@ropordination [13, 14]. In the next
section we introduce this approach and give somdteeof its implementation.
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3 From collaboration analysisto design processes char acterization

3.1 Collaboration analyses: a method to improve degigitesses definition

In a previous work of the authors [15] a model argbftware tool have been presented to
track the collaboration between designers. The indeials with the identification of the
main relevant elements for the characterizatiothefcollaborative situations in design.
Collaborative situations are defined from a coaation point of view, with scheduling,
planning, and the definition of milestones and \aii¢is. Alternatively, they are also
defined from a human relationships point of viewthwthe persons involved in the
collaborative event, their skills, their motivatjcemd their form of communication. Both
points of view are considered to characterize #lotofs of tracked collaborative events.

To support the traceability of the events, themrelsterization and the context of the
project, we have implemented a software tool nant@aCa (an acronym for
Collaboration Capture) in order to implement thegmsed model and to help managers
to analyze collaborative situations occurring injects. The following method has been
proposed to integrate the analysis of collaboraditgations into a PDM implementation
method, as shown in figure 3. Several steps betorg generic PDM implementation
method, as proposed in [14]: steps from 1 to 4esmond to a specification phase then
steps from 8 to 10 to the configuration and impletaton phase.

Figure 3. Method for improving PDM implementation through lebloration analysis
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To take into account collaboration analysis, tHrether steps are now introduced:
« Step 4: Tracking data about collaborative eventstheir evaluation with CoCa tool.

e Step 5: Analyzing captured data to identify proldesn possible improvements, to
establish links between events and to define bastipes through good tasks’ sequences.

« Step 6: Integrating existing process formalizatioth the identified task sequences.

Step 4 is managed by analysts that are involvetkegign projects in order to store each
collaborative event. In step 5 they have to esthbtorrelations between events in order
to identify problems or best practices. One of élkpected result is the identification of
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task sequences corresponding to the resolution pifoblem linked to an inadequate
process for a given design situation, or to thenfdization of an adequate process for
another given design situation. That means thattép 6 ‘good design practices’ are
formalized for specific design situations. As tlgwod design processes’ are defined
through a deep study of real events occurring duasiproject, their level of granularity is
more accurate than generic processes defined thfteinterviews of some experts and
managers. By this way the added-value of the ah@yshen to integrate the adequate
‘good design processes’ into the generic onesraplétes [16]. To do so, he may define
nodes of flexibility: at these nodes the future teah of the project will allow the user
choosing between several possible sequences.

As a consequence, this integrated method allowssteblishment of links between
the analyses of collaborative practices and thendtization of more complex and
flexible workflows. Next section will illustrate i method.

3.2 First experimentation

After four months of tracking projects in our inthiesl partner, four different projects
have been deeply analyzed and more than one hukdtiedhorative events have been
stored. Following example illustrates the conseqgasrof such analyses on the project
management: the introduction of flexibility and aittd implementation of design
processes. The example is based on the CND (Custoieed Definition) process
which corresponds to the initial financial quotatjshase of the design for the customer.

Initially, the CND document was managed by the rating person who builds the
document in collaboration with the customer. Indtesl step defines the specification of
the product on the basis of the need expresseldebgustomer.

Figure4 First steps of the design process
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marketing customer marketing T manager
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The first activities of this phase were (figure 4):
« Definition of the CND document by marketing persath the customer (task A11).
« Validation of the document (task A12).

* Notification that the document is complete (betwdd2 and A13) to the technical
department and that a designer has to make thattpro{future tasks A13).

The analysis of this initial collaborative situatichrough several projects allows

identifying that CND process description incorpegmneither details on the way to

achieve the tasks, nor flexibility. Moreover therk®ing person does not always have
the necessary technical skills for all customens, farthermore he does not have enough
time to carry out all the CND processes. So probte#ntustomer data management
appears between the marketing and technical depat$m
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With the analysis of the collaboration with the Go@ol, the analyst can define
guidelines and more detailed processes. In this ti@yCND process is updated with an
increased level of granularity based on the guidslifrom the collaboration analysis.

Consequently a new process is proposed: in figuis detailed previous task All.
The marketing person first evaluates the needseotistomer (task A111), then he can:

« reject directly the customer request, if the cugtbnmeeds are not appropriated for the
company (not formalized),

* make a visit to the customer: alone (task A112pfeefending the detailed needs to
the designer (task A114) or with a designer (tasik3),

« ordirectly send the needs to the designer if Hreyenough detailed (task A114).

Figure5 Detailed but flexible process for A11 task
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Afterwards when the designer evaluates design (A1el can meet the customer alone
(A115) or with the marketing person (A113), or ditg characterize the CND document
(A116). At each task marketing person or desiga@ehthe possibility to end the process.
As a conclusion the project manager has the pdisgitsi automate the design process by
implementing a PLM system with this process. Thst fnode of flexibility is the task

All because the detailed sub-level may not be stb@dor a specific reason. Next

nodes of flexibility are associated to tasks Alhdl A114 as choices exist for the owner
of the task. Next section develops the implemeartadif such process into a PLM system.

4 A PLM framework for the coordination of design processes

4.1 A framework for multi-level workflow implementation

In the SME context, design process is generallgnédized at a macro-level: the process
is decomposed into several phases, and main taskdeéined in each phases, as shown
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in figure 4. As a consequence of the results obthiwith the collaboration analysis

method, we are able to specify more accuratelyeastlone sub-level: some tasks of
macro-level are decomposed into detailed tasks ese@s by the identification of

collaborative practices that are linked throughifite nodes.

Our first proposal is to characterize the projdtages by using a generic workflow:
each phase and each milestone of the project apectvely represented by a sub-
process and a task. Then each sub-process / phdséined as a traditional workflow,
without document association. Each task of the maloess / phase must specify to the
owner what the documents to be created or modiiedA second level of sub-processes
is not possible to control document workflow be@wcument workflows are not
“contained” inside a single task of the sub-proceghase, but can be achieved after
several tasks of a sub-process / phase, and soesadifter several phases.

Finally at micro-level very basic processes thatage document lifecycles are
identified. In this case we need a certain levetafrelation between the sub-process /
phase workflow and the document in order to synailzeothe progress of both processes
with the project schedule. This link allows gettinfprmation from the document (states,
owner ...) during the progress of the sub-processkfiaay.

Figure6 Multi-level workflow framework for design processmnagement
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Such document processes are not always necessarypst SMEs they reduce the
flexibility and they are not implemented. If this the case, a minimal workflow is still
necessary in order to establish the required liftke implementation of such links
depends on the functionalities of each PLM system.

Figure 6 illustrates main concepts of the propdsaehework for the implementation
of the proposed workflows from the macro-level be tmicro-level. Vertical boxes at
micro-level show the possibility of getting docurhetate from the sub-process level.

4.2 Second experimentation

This experimentation is based on WinddMI{PTC) PLM system. Actually macro-level
and sub-process level have been implemented. Tiveslevels can be implemented with
traditional workflow configuration.

As an example figure 7 illustrates the workflowidetl for managing the CND phase
as explained in section 3.2:

+ ‘State’ tasks define the state modification of @D document.

« All possible ends of the process are also defisadell as the required notifications.
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* ‘Ad hoc’ tasks correspond to the possibility givera user to create dynamically new
required tasks. This allows introducing more fléiipin the design process.

Figure7 CND phase workflow
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The last micro-level is still under developmentitasequires specific configuration. For
example with Windchill the possible mechanismsyafchronization tasks require some
Java development.

Such experiment demonstrates that it is possibimpéement a framework for multi-
level-workflow management. Nevertheless the tedin&spects of its implementation
depend strongly on the openness of the used PLNersyand their possibilities of
customization: can document-independent workflow rhanaged within this PLM
system? then can independent workflows be synchednthrough their tasks? When
validated these requirements imply that the coatibn of design projects is possible
using this framework. Nevertheless some considmeratstill remain. The main concerns
the acceptability of such multi-level managemei IBMES: our industrial partner has a
size that requires more formalization while mainitag high level of flexibility. As the
framework is not achieved we still do not knowhétflexibility and workflows that we
propose correspond to this situation with adjustsven nota fortiori for other SMEs.

5 Conclusion

In the worldwide competition among companies, thgetopment of new products has
become a challenge where innovation and coordimaifodesign process are two main
keys for success.

In SMEs design activity is not completely structlend controlled due to the high level
of flexibility of processes. At the same time PLis&ms help to rationalize basic design
processes and are the main information systems gimanahe product life cycle in
companies. In this paper we have focused on thposad of a framework for design
coordination implemented through a PLM system.tRive have proposed an adapted
method for implementing PLM systems in order toetako account both more detailed
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process definition and flexibility by using the &rsis of collaborative practices. Second
this framework is based on the use of workflow tedhgies in order to elaborate the
structure and the schedule of the project phaseb tasks through different and
synchronized levels of granularity. First result® @&nough significant to justify the
interest of this framework and future work for irplenting all the functionalities of this
framework and its experiment in an SME.
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