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« Mais j'étais un fils.
Les fils ne savent pas que leurs meres sont mortelles ».

Albert Cohen, Le livre de ma mere.
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14 - Introduction

Challenges and lacks in the engineering field

The ability of the manufacturing firms to identify the needs of customers,
translate them into requirements and quickly engineer the systems' that satisfy
these requirements and that can be produced at low cost, is the key for any
economic success (see [Ulrich K.T. and Eppinger S.D., 1995]). To achieve these
goals, the firms have to consider, in addition to the customer needs, those of the
whole stakeholders, i.e. any enterprise, organization, or individual having an
interest or a stake in the outcome of the engineering of a system through its life-
cycle (see [EIA632, 1998]): users, manufacturers, installers, testers, maintainers,
project managers, shareholders...

Thus, the achievement of such challenges requires the involvement of all
the functions guided by these stakeholders, in cross-functional and
interdisciplinary organizations involving many areas of expertise’ that play a
role in the engineering of the system. It is generally argued that the better the
work of these people is coordinated, the better the performance of the overall
project will be (see [Oosterman B., 2001] and [Eppinger Steven D., Whitney
Daniel E. et al., 1994]). Considering the fact that “engineering” appears as the
most important life-cycle stage determining project performance (see [Standish
Group, 1994] and [Bellut S., 1990]), the interdependencies of the areas of
expertise have to be managed, as well as their own engineering performance.

This Thesis will show that such management is practically hard to achieve,
not only because of the difficulty of designing an engineering approach
supporting it, but also because of the process that will deploy the defined
approach and its related cultural challenges. Furthermore, the profusion of
engineering methods and tools really contrasts with the relative lack of
structured approaches that practically set them up.

' According to standard [ISO9000, 2000], a system is a combination of
interactive elements organized to achieve one or more stated purpose.
According to standard [EIA632, 1998], a system is one or more end products
(for car manufacturers: the vehicle) and sets of related enabling products (such
as the manufacturing systems) that allow end products, over their life cycle of
use, to meet stakeholder needs and expectations.

* The term “area of expertise” refers to any engineering team acting in the
systems engineering with its own technical focus.
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Introduction - 15

Research question and objectives

This Thesis has been realized in the department in charge of the definition,
the communication and the adjustment of the development master plans, and
especially in the team in charge of Systems Engineering deployment, which has
been affiliated to this department in year 2000, as soon as top managers have
decided to deploy SE. The role of the SE team is to define, train and provide
help for the application of the Automotive Systems Engineering (ASE)
methodology.

The objective of PSA Peugeot Citroén is to achieve its developments
within 2 years. A development planning supports it, which can be considered
as the link between the top managers strategic point of view and the
operational realization. It must ensure the coherence between the objectives and
available resources, and be in line with real practices of the engineering teams.

To ensure the expected relevance, PSA Peugeot Citroén has progressively
decided to deploy:

- Automotive Systems Engineering in order to structure the engineering

design process,

- Information systems implementation, in order to support the data flow

during the development process.

This Thesis focuses on Automotive Systems Engineering deployment and
also address the instrumentation issue of the theoretical results.

Thus, a related issue is: to prepare instrumentation aspects [I1].

A conceptualization of the stated lacks and challenges for industrial
performance improvement leads us to the following research question:

How to shift areas of expertise from their actual practices locally optimized
to a structured methodological target, globally optimized?

Chapter 1 will deeply detail the issues induced by this research question
in: the purpose is therefore to provide a methodological framework, i.e. the
Automotive Systems Engineering (ASE) processes, and also the deployment
processes of these processes.
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16 - Introduction

Such assertion could lead the reader naturally to the following “reading
question”:
Why Systems Engineering?

Automotive Systems Engineering (ASE) aims to provide for PSA Peugeot
Citroén an adequate and structured “theoretical” approach for the development
of the new vehicles, which deployment is increasingly effective.

This leads to the subject of the Thesis, of which global objective is to build
and deploy a common framework for engineering of automotive products and
related manufacturing systems. The general industrial problematic is to provide
the most efficient development system design for PSA Peugeot Citroén, in
order to reach the time-to-market objectives. ASE is the selected approach to do
it. Thus, the global objective is to enable the maximization of ASE deployment
profit.

Because of its industrial background, the ASE Framework of an
automotive company must take into account the development of the vehicles
and the related manufacturing systems. In 2000, the current ASE approach was
not sufficient and ASE utilization had to be extended to and promoted in the
engineering of manufacturing systems.

My related objectives were:

- [01] To develop an extended framework, that fully details the application of
ASE to the production domain [O1a], and describes the engineering
coordination of automotive products and related manufacturing systems
[O1b],

- [02] To provide an engineering design process (and associated methods,
tools and constant references and updates) in order to enhance the
improvement of the current engineering practices’/02a], whatever their

initial level of performance could be [O2b].

The research issue related to [O2] is therefore: to know how to realize
performance measurement in the engineering field [I2].

*a “practice” refers to the activity and the way this activity is performed.
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Outline of the Thesis

Figure 1 depicts the contents of the Thesis. Chapter 1 details the industrial
background of this study and my research area and scope. It formulates the
proceeding of the successive research questions and presents the action plan.
Chapter 2 represents the materials used to support the research orientation,
through review and analyze of the current literature. Engineering design
approaches are studied. Systems Engineering (SE) is detailed in relation with
these design methods, and the engineering performance measurement field is
developed. Chapter 3 describes the ASE extension (extended Automotive SE:
eASE), presented as the theoretical advances. Regarding manufacturing systems
engineering, Chapter 4 and Chapter 5 present as practical results the eASE
Evaluation and Control (Chapter 4), providing global evaluation, for the local
improvements of the eASE Deployment and Application (Chapter 5). Chapter 6
introduces the eASE instrumentation. The integrated methods and tools
approach is presented as the work process. The first steps of this process are
detailed and illustrated. Conclusions and directions for further research

suggestions complete this dissertation.

Introduction

2
Extended i i
[resineli) [-caturing Action Plan Chapter 1:
- Industrial Chall
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Chapter 3:
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* Product and Manufacturing Systems

* Manufacturing Systems only Conclusions and Perspectives

Figure 1. Outline of this Thesis

23/02/2004 — Final Version






Chapter 1. Industrial challenges and research
issues

The purpose of this chapter is to build and justify my research orientation.

This chapter starts with three statements about engineering approaches in
the field of industrial performance. Then the industrial background of the study
is detailed: the industrial needs and challenges, which open to the objectives
and issues. Next, the research area and scope is presented.

A presentation and a justification of the contents of the Thesis is build by
giving the research orientation in line with the previously identified objectives
and issues (see Table 3. Mapping between {Objectives, Issues} and the items of
the Thesis).

The presentation of the action plan detailing the research orientation
concludes this chapter.
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20 - Chapter 1. Industrial challenges and research issues

1.1 Three statements

Three studies bring statements that show the importance of the role
played by engineering approaches for industrial performance, notably in
automotive industry.

- First, the Chaos Report [Standish Group, 1994] demonstrates that
engineering approaches effectiveness highly impacts projects success,

- Second, the analysis performed by [Bellut S., 1990] confirms the
engineering approaches importance through a relative comparisons of
engineering and manufacturing life-cycle stages,

- Third, an internal statement [PSA, 1998] shows the role of engineering
approaches in the worldwide car manufacturer competition.

These three studies are the basis of the research orientation.

1.1.1 Engineering approaches and project failure

How engineering approaches are involved in project failure?

The Chaos Report brings an empirical justification, notably with four case
studies, of how an engineering approach could contribute to project success.

The Standish Group has led an investigation on project failure in the
United States. Despite the fact that projects were mainly software development,
this survey was wide and representative, with 365 respondents and 8 380
applications made in large, medium or small enterprises of various industry
segments, e.g., banking, securities, manufacturing, retail, health care, insurance,
services, ...

Results are described by the rates depicted in Figure 2. Overall, the success
rate was only 16%, while challenged projects accounted for 53% and impaired
for 31%.

Project rates
16%

Esuccess
M challenged
Oimpaired

53%

Figure 2. Project success and failure [Standish Group, 1994]
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Chapter 1. Industrial challenges and research issues - 21

Successful projects are those completed on time and on budget, with all
teatures as initially expected. Challenged projects were completed but over-
budget, over-time and fewer features than originally expected. Impaired
projects were cancelled during the development cycle.

Regarding particularly the large companies, only 9% of projects were
successful, 61,5% were challenged and 29,5% were cancelled.

Cost overruns of combined challenged and impaired projects amount to
189% in average (178% for large companies), while average time overrun
amounts to 222% (230% for large companies). In average, 61% of originally
specified features were available (42% only for large companies).

The Standish Group has asked project managers about the reason why
projects succeed or fail. Project success factors are detailed and ordered in Table
1, while Table 2 details the factors for challenged or canceled projects.

The three major reasons of success are user involvement, executive
management support, and clear statement of requirements. Without them, chance of
success decreases dramatically. These reasons highly depend on engineering
aspects. The major failure reasons are related to inputs (needs, requirements,
involvement) and also mainly depend on engineering aspects.

Thus, engineering approaches effectiveness highly impacts projects
success. Furthermore, such approaches have to be extremely robust in terms of
requirements engineering.

The Chaos report also states that managers believe that there are more
project failures now than five years ago and ten years ago.

|Pr0j ect Success Factors % of Responses
|1. User Involvement | 15.9%
|2. Executive Management Support | 13.9%
|3. Clear Statement of Requirements | 13.0%
|4. Proper Planning | 9.6%
|5. Realistic Expectations | 8.2%
|6. Smaller Project Milestones | 7.7%
|7. Competent Staff | 7.2%
|8. Ownership | 5.3%
|9. Clear Vision & Objectives | 2.9%
|10. Hard-Working, Focused Staff | 2.4%
Other | 13.9%

Table 1. Project success factors [Standish Group, 1994]
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22 - Chapter 1. Industrial challenges and research issues

% of R
Combined Factors (challenged — cancelled) ® ° 10 zsponses )
alanced average
|1. Incomplete Requirements & Specifications | 12.9%
|2. Lack of User Input or Involvement | 12.5%
|3. Changing Requirements & Specifications | 10.8%
|4. Lack of Executive Support | 8%
|5. Lack of Resources | 7.8%
|6. Unrealistic Expectations | 7.2%
|7. Technology Incompetence | 6.1%
|8. Unclear Objectives | 3.6%
|9. Unrealistic Time Frames | 2.9%
|10. Lack of Planning | 2.6%
|11. New Technology | 2.5%
|12. Didn't Need It Any Longer | 2.4%
Other | 20.7%

Table 2. Project failure factors, from [Standish Group, 1994]

1.1.2 Engineering versus  manufacturing  stage
optimization

If engineering and manufacturing play a role in industrial performance
improvement, which of these two life-cycle stages do we have to optimize in order of
priority?

Considering the evolution of the economical aspects during a project in
the manufacturing firms, the engineering stage is related to the manufacturing
stage with a factor nine [Bellut S., 1990]: this means that any decision taken
during the engineering stage (including industrialization stage) will have a
financial consequence nine times deeper than a choice made in the
manufacturing stage, as described in Figure 3.

The optimization of engineering (of which improvement issue is no older
than half a century) could be nine times more relevant than the optimization of
manufacturing (of which limits seem to be reached). Furthermore, the
engineering stage in automotive industry has to survive what has been called
by Lerat [Lerat ].-P., 2003]: “the second death of Henry Ford”. It means that
instead of being ruled by the manufacturing rationalization, the development of
new vehicle has to consider new approaches, more adapted to complex
products engineering, in order to find new architectures.
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46 160
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Figure 3. Costs involved by decisions taken during a
development project

While hard sciences (as quantitative mathematic approaches) are
frequently requested for manufacturing systems or product design and
optimization, the development system design and optimization have to be
supported by soft and qualitative approaches combining technical, managerial,
economical, sociological and organizational skills, grouped under the term
industrial engineering.

This confirms the importance of structured engineering approaches and
confers an enthusiastic interest in deeply studying the development system that
performs the engineering stage.

1.1.3 Engineering approaches in the worldwide
competition

Does engineering approaches could assist worldwide competition?

The basic needs for a successful end product development (a new vehicle)
concern its quality, cost, time to market and time to deliver, maintainability,
security, retirement, ... It also has to be innovative and provide comfort
functions. Nowadays, the vehicles are more and more compared to those of the
concurrent firms, based on these characteristics. The increasing place of
Japanese vehicle in the European market implies to search worldwide solutions
to this worldwide issue.

One of the most relevant characteristic used in order to compare the car
manufacturers performance is the development times. It measures the ability of
a firm to quickly engineer new vehicles, providing the most attractive product
for the customers.

According to a statement made at PSA Peugeot Citroén in Sept. 1998 [PSA,
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24 - Chapter 1. Industrial challenges and research issues

1998], Figure 4 presents the classification of nine world car manufacturers,
regarding the development times measured between the definitive choice of a
shape (style) for the new vehicle and the start of its marketing.

1996

| I
PSA Preliminary work incl.
Honda M/ 7
i #__‘ 2002 objective.
Nissan
Mitsubishi *ﬂ—

Toyota

1998 objective

Mazda

2001 objective 1997

GM %—'7 :
Ford M |
Chrysler %_‘

0 6 12 18 24 30 36 42
O Development time in 1998 (months) Wobjective for 2000 (months)

Figure 4. Development time’s objectives

The superiority of the Japanese car manufacturers is crushing. The Toyota
Production System must be here cited. The main idea is that the Japanese car
manufacturers give first more interest to manufacturing systems constraints
than market tendencies, in comparison with other car manufacturers.

Regarding PSA Peugeot Citroén, the objective for 2000 amounted to 2
years, versus 28 months in 1996 and 36 months in 1990. But these objectives
were not sufficiently supported by rigorous approaches, and were very hard to
reach, leading to frequent schedule overrun.

Every automotive companies are trying to reduce their development times
to stay competitive, and they must design the best engineering approaches in
order to structure their development planning and support their engineering
performance improvement.

23/02/2004 — Final Version



Chapter 1. Industrial challenges and research issues - 25

1.2 Industrial background: related objectives and
issues

PSA Peugeot Citroén is the 6" ranking global automotive group,
characterized by one technical, industrial and financial potential serving the
two marques Peugeot and Citroén.

1.2.1 Industrial needs

The objective of PSA Peugeot Citroén is to achieve its “standard”
developments within 2 years only (as seen in Figure 3), in order to allow its
ambitious commercial expectations. In 2000, the firm PSA planed 25 new
models commercially launched between 2001 and 2004).

The 2 years objective is supported by a development planning (see Figure
5).

Approximately 4 000 PSA collaborators contribute by their activities
directly (1 000) or indirectly to the design, development and industrialization of
a new vehicle: a limited project team plans, evaluates and controls the technical
processes (performed by the areas of expertise involved in automotive products
and manufacturing systems engineering) and the contractual processes
(performed by the acquisition department and supported by the areas of
expertise).

Thus, the engineering master plan can be considered as the link between
the strategic point of view of top managers and the operational point of view. It
must ensure the coherence between the objectives and the available resources,
and be in line with real practices of the engineering teams.

* the development is considered as a « standard » development when the
new vehicle is expected to be developed on the basis of an existing engine and
rolling structure.
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Preliminary

i i Pr tion
studies Engineering oductio

| n_|
|

:
24 months

i« <

Figure 5. PSA Peugeot Citroén “standard” development
planning

The planning depicted in Figure 5 would not be relevant without being
structured and supported by well adjusted engineering design approaches,
providing an efficient coordination of engineering through information control.

To ensure the awaited relevance, PSA Peugeot Citroén has progressively
decided to deploy Systems Engineering in order to structure the engineering
design process.

The industrial needs described in this section implies an objective for this
Thesis, as well as any action of the team in charge of Automotive SE
deployment.

The related objective is:
- [03] To get short term practical results while keeping a 10-15 years

prospective vision.

1.2.2 Detailing the industrial challenges

The competition between car manufacturers induces a lot of challenges.
The numerous concurrency and also benchmarks studies brought a line to
follow in order to win the competition. Benchmarking usually concerns
military, aeronautic and aerospace industries, because of the complexity of the
products they have to develop.

Vehicle complexity
Nowadays, vehicles are increasingly complex notably due to the

increasing number of electronic functions, for comfort and safety reasons. This
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can also be measured studying the product architecture and the different ways
to split it into sub-systems (according to the systemic, the modular or the
integrated approaches). A resulting product complexity, due to the interaction
between the parts of the product architecture, has also to be managed. This
leads to the need of structured engineering approaches to manage these
statements of complexity of organizations and products.

Furthermore, the market target of the car manufacturers cannot be
compared to that one of the cited fields of industry. Customers are different and
rules or standards do not have the same basis. The most noteworthy difference
concerns the manufacturing domain.

As soon as a complex product is also characterized by a high diversity and
high production volumes, with 3,5 million units worldwide expected in 2004,
related manufacturing engineering becomes crucial and has to be successful. It
is the case in the automotive industry.

Manufacturing systems complexity

Manufacturing systems are concerned by the increasing complexity of
their control, the integration of innovative technologies, the integration of
human factors, it also implies a complex mission due to the diversity of the
products and the multiplicity of the projects. Manufacturing Systems contents
are, for instance, production plans and schedules, manufacturing policies and
procedures, manufacturing facilities, jigs, special tools and equipment,
production processes and materials, production and assembly manuals,
measuring devices, and manufacturing and procurement personnel, as
enumerated in [EIA632, 1998]. A systemic definition of the manufacturing
system could be the aggregation of all these contents, with dynamic
interactions.

Engineering complexity

SE standard [EIA632, 1998] describes the relationship between a system
and the related systems implied in each stage of the life-cycle. Those systems
are called enabling products and their engineering may play a significant role in
the engineering of the end product. Manufacturing systems engineering is one of
the most important enabling products that constraint the engineering of a vehicle.
The production stage plays a crucial role for the final cost and quality of the
product. This leads to a kind of duality between product and manufacturing
systems. In the engineering stage, the characteristics of the manufacturing
systems engineering also bring many justifications: almost half of all the
engineers of a company are concerned, it represents the major part of the
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investments, it induces the main timing constraints, notably because of the
manufacturing of the machine tools.

In this context, a global program has to combine the designs of product
and the related manufacturing systems through considering manufacturing
systems as systems to engineer, and rebalancing engineering coordination
between automotive products and associated manufacturing systems.

The issue related to these three sections about complexity is: to manage vehicle
and manufacturing systems engineering complexity [I3].

Profusion of engineering approaches

The automotive companies are trying to reduce their development times
to stay competitive, finding relevant approaches to structure their development
planning and improve their engineering performance.

The bibliographical research made for this Thesis has revealed the
existence of an impressive number of available and upcoming approaches and
related methods and tools supporting engineering design. But could this
profusion be considered as a feather in one’s cap?

To reduce time-to-market and usually to improve the engineering
performance, academic and industry fields have developed numerous
approaches in engineering design. A given company has for first challenge to
create and define or select and adapt, and then implement the most relevant
approaches and associated methods and tools.

The Systems Engineering approach, coming from aerospace and military
industry and selected by PSA Peugeot Citroén, and the Concurrent Engineering
approach, grouping numerous interesting researches and applications, should
be cited (these approaches will be naturally detailed in this Thesis in Chap. 2:
State of the art). This increasing “methodological interest” has led to what could
be called an “engineering approaches” complexity, which can be considered as
extra issue for the firms.

The related issue is: to define the most efficient engineering approach,
notably among the numerous existing methods and approaches [I4].

Deployment of engineering approaches: the change cultural challenge

Even if the companies solve their “engineering approaches” complexity,
notably through the definition of the theoretical interfaces between a given set
of approaches, how the development system could concretely perform its work
according to the methodological target?
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The deployment of engineering approaches addresses a cultural challenge.
Automotive industry is indeed a very recent field considering SE deployment.
The actual way of thinking is really different than SE methodology, and the
engineering teams succeed in developing new vehicles with the traditional
engineering design methods. Despite the frequent project development
schedule overruns, the economical success of the PSA Peugeot Citroén vehicles
covers up the fact that the limits in term of complexity management are
reached, needing new methods to work with.

Moreover, it is generally argued that the manufacturing cultures do not
share the same objectives as in other SE cultures, as described in [lliff R. C,,
2002]. The areas of expertise in the product engineering domain are rather close
to those of aerospace and electronic industry. They do not represent a crucial
source of specificities. Conversely, the manufacturing engineering domain
brings the most specific aspects, because of its areas of expertise, as those in
charge of the engineering of the smelting processes, the painting processes, the
body processes, the assembly processes, etc.

The related issue is: to take into account the heterogeneity and the specificities
of the areas of expertise [I5].
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1.3 Research area and scope

1.3.1

Designing a development system

Engineering approach in the development system

From the Systems Engineering point of view, the development system of a
company can be seen like any other complex systems, as a kind of enabling

system’ that have to be designed in order to support the development stage of

the end product. The development system is here also activated for the
engineering of the manufacturing system.

Development System
Development
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Utilization

Support

systems and

life-cycle stages
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Figure 6. System interaction with typical enabling systems

The scope is represented by the purple area of the Figure 6 (adapted from
[I5015288, 2001]), presents. An engineering approach will have direct impacts

’ An enabling system (ISO15288:2001) is a system that complements the
system of interest (or end product, which is for us the vehicle) during its life-
cycle stages but does not contribute directly to its functionality (e.g., when the

system enters its production stage, an (enabling) production system is required.
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on development and production of the end product, but also indirect impacts
on the development of the development system.

Transform the development system

An illustration of a Systems Engineering (SE) transformation project in
aircraft industry, regarding supporting tools for requirement engineering, has
been reported by [Choveau E. and de Chazelles P., 2001], and confirmed by
[Thomas J., 2002]. It considers the development system as an enabling system to
assist, providing methods and tools to reach the methodological target
described in the SE framework of the company. It is now argued by these
Airbus SE teams that the appropriation’ by operational is a key factor of
success. They had to emphasize on the direct benefits for practical tasks of the
proposed new way of doing. This confirms the importance of deployment
actions supporting the cultural change challenge.

Organizational and technical components

Deployment of an engineering approach also addresses the issue of the
gap between strategic and operational levels, providing intermediate views or
models of the project and technical artifacts, as work breakdown structures,
responsibility assignment matrix, product architectures, functional models, ...
Thus, deployment of an engineering approach must ensure the link between
organizational and technical approaches, for instance throughout projects
organization and product architectures (e.g., [Oosterman B., 2001]).

1.3.2 A generic approach considering life-cycle stages

Considering the typical stages of a product life-cycle [ISO15288, 2001]
(concept stage, development stage, production stage, utilization stage, support
stage, retirement stage), the research is focused on the development stage,
according to the statement made in section 1.1.2 entitled “Engineering versus
manufacturing stage optimization”. The technical processes performed during
this stage are: engineering, implementation, integration, verification, transition,
and validation. The Thesis focuses on engineering activities and necessary
relationships between engineering and other technical processes, like
integration, as explained in Figure 6.

The scope of “engineering” is vast and multidisciplinary. It regroups
different expertise domains. Engineering of a system could imply a variety of

° Appropriation of a given approach means that the way the operational
teams do their activities changes from target to usual.
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mechanical, electronic, software, organizational and even sociological skills.
Despite this variety of sub-fields, the aim is to keep a generic approach.

Each engineering design approach aims to improve the performance of the
developments. But, only a limited part of research work is dedicated to generic
approaches of engineering, as done by [Chen D. and Doumeingts G., 1998] and
[Harani Y., 1997]. The lack of generic approaches in terms of engineering of
products and related manufacturing systems is deeper. Numerous research
works have led to optimal integrated design, but focusing only on a restricted
number of areas of expertise in terms of manufacturing systems. This
observation is confirmed by the implementations of these approaches (i.e.
supported by tools), as seen in the field of Design For X (as Design for
Manufacturing or Design for Assembly), with a lot of contributions specific to
few areas of expertise, as for instance [Lee Rong-Schean, Chen Yuh-Min et al.,
1997] for molding systems, [Maropoulos P.G., Yao Z. et al., 2000] for welding
systems or [Zha X.F. and Dhu H., 2002] for assembly systems.

1.3.3 A specific approach regarding systems

The complete life-cycle of a system is increasingly taken into account
during the engineering of the system (Cf. the title of SE Standard ISO 15 288,
“System engineering - System life-cycle processes” [ISO15288, 2001]). Thus, the
manufacturing systems are only one kind of the numerous types of systems that
have to be engineered during a vehicle program.

Furthermore, PSA Peugeot Citroén engineering teams do not represent
the whole engineering resources and forces acting in the development of new
vehicles. The suppliers are increasingly involved for their engineering
experiences and skills. PSA Peugeot Citroén is not only the designer of new
products, but also the designer and the user of the related industrial systems,
which will manufacture the vehicles. Therefore, the most relevant optimum
PSA has to reach is the optimal coordination of products and related
manufacturing systems engineering. Thus, this Thesis have studied in order of
priority, a local optimum that may neither include the suppliers” work in terms
of engineering nor the other systems to design. However, generic materials
were found and developed in order to treat each system associated throughout
the whole life-cycle stages. These advances are also valid regarding the
relationship between PSA and its suppliers.
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1.4 Research orientation

The research orientation is described and justified by the following Table,

see the Introduction and previous section of Chapter 1 to find detail about Issues

and Objectives.
Issues and Objectives Items of the Thesis
To define the most efficient [The selection and  the
7 engineering approach, notably | description of a set of methods | §2.1, »
among the numerous existing |for their contribution to my | page 36 ‘é: c
methods and approaches. goals. N g
To manage vehicle and | The description of SE and the = E
. g . . §2.2, =8
I3 | manufacturing systems || justification of its benefits. N
. . . page 47 = 0
engineering complexity. I s
To know how to realize | The selection and description §2.3 57’,: g
I2 | performance measurement in the | of measurement approaches. - =~
. . page 54
engineering field.
To  develop an  extended | The construction of the first

Ola framework, that fully details the |part of the extended ASE |Chapter3,
application of ASE to the |framework (eASE). page 63
production domain.

To  develop an  extended | The construction of the second
framework, that describes the |part of the extended ASE
. . .. Chapter 3,

O1b | engineering coordination  of |framework (eASE). 106 63
automotive products and related pag
manufacturing systems. g
To provide an engineering design | The extended ASE framework %

Opg | PrOCESS in order to enhance the | (eASE) Evaluation and Control | Chapter 4, | = &
improvement of the current |process. page 77 =
engineering practices... _§ %

. whatever their initial level of | The global eASE assessment §§
o2 performance could be. process and a progressive local | Chapter4, | & &
improvement, featuring | page 77 :: )
notably roadmaps. S
e
To take into account the |The surveys made for: the ASE | Chapter 3, | & E..
heterogeneity and the specificities | extension, the eASE Evaluation || page 63 g
5 of the areas of expertise. and Control and the eASE || Chapter 4, %‘
Deployment and Application. | page 77 2
Chapter 5, B
page 89
To get short term practical results | The concrete eASE Chapter 5
O3 || while keeping a 10-15 years |Deployment and Application ., ep 39 ’
prospective vision. process pag
To prepare instrumentation | The integrated methods and
Chapter 6,
I1 | aspects. tools approach for the eASE page 97

Instrumentation

Table 3. Mapping between {Objectives, Issues} and the items of
the Thesis
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1.5 Action plan

The action plan addresses the deployment process aiming to improve
engineering performance. This process is build from an industrial and an
academic point of views.

From an industrial point of view, the approach is analog to the
implementation of CE described by [Singh K. J. and Lewis J. W., 1997]: the key
to success lies in “managing for performance” through top-down institutional
changes, standardized infrastructure and bottom-up implementations. The top-
down changes are driven by the Automotive SE (ASE) framework, as a process
model to follow. Standardization is realized through best practices and
objectives in terms of product, process and organization models to achieve, in
order to reach the ASE target. Each implementation is a part of an iterative
process, starting from the identification of a potential bottom-up operational
improvement.

From a more academic point of view, all these materials will be justified
through the State of the Art, and the justifications added to the other chapters.
The contributions to the existing Automotive Systems Engineering deployment
have been introduced in [Lardeur E., Bocquet ].-C. et al., 2001], and are
described in Figure 7.

- Extension and regulation necessity

Automotive products and
Manufacturing systems

Automotive products Theoretical results

Extended ASE

ASE Definition Definition: eASE

ASE Deployment | | ASE Application

Manufacturing systems

Automotive Systems Engineering My contribution: eASE

Figure 7. My contributions

Figure 7 shows how the extension necessity issue has led to an extended
Definition of Automotive SE, and the regulation necessity issue to a eASE
Evaluation and Control activity.
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The purpose of this state of the art is to introduce the standards and
references available in the scientific literature for field of the research scope,
emphasizing the key concepts supplying the research orientation.

First, the exploration of engineering design methods is presented, because
of their filiations with Systems Engineering (SE). Then, the contents of the SE
methodology are deeply explained. Next, the engineering performance
measurement methods and tools are developed, notably with the introduction
of the capability and maturity models, in line with the selection of SE and also
the initial objectives in terms of performance measurement.

Figure 1 shows the relations between the items of this State of the art the
activities of the action plan.

§2.2 { SE »( SE definition

Extended

CE ISl
§213 {&DFX ii -

Items of my SAPB, ASE Definition
State of the Art QFD
§214 '
D, .
DSM
§23.2 { CMM

Figure 8. Items of the State of the Art

To conclude, this state of the art details the academic positioning.
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2.1 Engineering methods and approaches

As seen in chapter 1, the industry faces several issues regarding
engineering design, such as increasing complexity of products, world-wide
competition, shorter time-to-market, etc... These issues address the need of
improvement in terms of effectiveness and efficiency of existing engineering
design processes, as it would be detailed in this chapter. Engineering design
research aims at helping industry by developing approaches and methods in
order to improve the interplay between design processes and their results, the
design artifacts.

Engineering design concerns technical, managerial, organizational,
economical and methodological points of view of the design and development
of a system.

This section could have been entitled “process models for improving
engineering design processes”, because any engineering design approach is
related to a given process model’, which aims to improve the engineering
design performance, using a set of methods that bring a value-added in terms
of engineering or engineering deployment.

First, the theoretic relation between approaches and methods is described.
Then, the large field of engineering design methods and approaches is
explored, providing an overview of the variety of process models. Concurrent
Engineering (CE) and Design for Manufacturing (DFM) are developed as the
closest approaches for the construction and the justification of the theoretical
results, notably identifying their contributions and their limits for the eASE
framework (extended Automotive Systems Engineering). Next, a few other relevant
models are presented, because of their potential contribution to eASE processes
Definition or eASE Deployment and Application, by enhancement and
comparison.

" A process models is an organized group of related activities that work
together to create a result value [Hammer M. and Champy D., 1993]. Practices
are effectively interrelated, and process modeling aims to a better
understanding of what is and has to be done.
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2.1.1 Approach and methods: head and muscles

An “approach” is the way the process is built and the underlying
objectives it is looking for. This concerns a strategic level. The covering of an
“approach” is wide and concerns the global engineering design.

A “method” is a value-added item used during the engineering design,
which transforms a defined set of inputs to a defined set of outputs. This
concerns an operational level.

The covering of a “method” is restricted and concerns a local and focused
design issue. The best definition of both terms could be inspired by the
relationship they have each other. Considering a biological analogy, the
“approach” would be the skeleton and the “methods” would be the muscles.
The “approach” is characterized by a given cinematic behavior but muscles are
necessary for the body to move.

This relationship would be used and detailed in the sub-section on
methodological integration (see §2.2.2, page 51).

212 Different models for engineering design

The engineering design has several different interpretations. The main
differences between these interpretations will be detailed in this sub-section.

The literature provides several models that can be divided into many kind
of models: descriptive and prescriptive models, phase-based or activity-based
models, product-oriented or problem-oriented models, systematic or
concurrent models, mono or multidisciplinary models, ...

Prescriptive — Descriptive classification

Figure 9 introduces a set of models on the basis of the descriptive /
prescriptive classification made from [Blessing L.T.M., 1996].

be. Another possible division of engineering design approaches could be
the contrast between systematic models and concurrent models.

The choice of this classification among the others is restrictive, arbitrary
and mainly justified by its contribution to the definition of Systems
Engineering. The purpose is here to show the notions of which SE is made,
because it is argue that SE is often limited to the “V cycle” presentation, despite
the fact that SE process model covers a wider perimeter.

23/02/2004 — Final Version



38 - Chapter 2. State of the art

Prescriptive _~ SABP
How should / ethodologles

prescribing A ifact QFD
Models for improving rtitacts o

design process models

How is /
describing

DSM

Figure 9. Relevant models through a descriptive / prescriptive
classification

Descriptive models represent how design actually takes place. Prescriptive
models represent effective and efficient design processes of how design should

Moreover, the relationship between a prescriptive model and a descriptive
model will be deeply detailed, while studying the software instrumentation of
the methodological principles, in chapter 6.

Other interesting classifications and research contributions

Regarding other types of classification, or contribution to a given
approach, see the synthesis provided by [Tate D. and Nordlund M., 1996],
dealing with the activity-based approach and the phase-based approach, and by
[Tichkiewitch S. and Brissaud D., 2000], dealing with the professional-based
approach. The work of [Tate D. and Nordlund M., 1996] must also be cited for
their contribution on design approaches understanding, and the interesting
synthesis in this field, made by [Oosterman B., 2001] or [Eynard B., Girard P. et
al., 1997] (in French).

Another complete side of research in the field of engineering design is the
"Data-centered" approaches and other trends, i.e. the new technologies, the
collaborative, the cooperative, the innovative and the knowledge based
approaches. The collaborative and the cooperative views are increasingly taken
into account to remedy the lack of CE approaches, based on the emergent
communication technologies and the increasing problematic of knowledge
sharing and capitalization. These trends lead to a new set of approaches, which
are the combination of many existing models.

Existing work deals with coordination systems including product models
and process models (and sometimes Manufacturing Systems models),
supporting integrated design. The case studied by [Whitfield R. I., 2001] is an
example, around the design coordination problematic of Alex Duffy, where
manufacturing is still neglected. CIRP community produces several studies of
integrated design focused on technical point of view of restricted area of
expertise, as for instance assembly or molding. It contributes to solve the issue
of design for manufacturing or design for assembly, ... . Gathering technical
point of view and design coordination, the study made by [Tichkiewitch S. and

23/02/2004 — Final Version



Chapter 2. State of the art - 39

Brissaud D., 2000] describes the necessity of coordination methods in a concurrent
engineering environment: an activity-based approach — provided for in this
Thesis by SE — must be coupled with a professionally-based approach to built a
coordination system. The study discusses an interesting typology of
coordination systems base on different principles of coordination (for instance:
an optimum exists, an agreement can be reached, complexity must be managed globally,
constraints can be expressed, ...). Considering the fact that SE methodology has
been constructed to follow many of these principles, SE could provide a well
structured approach to coordinate engineering. This coordination problematic
can be normalized through process models approaches. Several recent
standards are based on a process modeling structure, in order to organize all the
development tasks that have to be performed by a given enterprise.

French Ph.D. Thesis dealt about information systems supporting many
kind of design processes: [Menand S., 2002] for knowledge based systems,
[Bacha R., 2002] for engineering of production stage support and [Eynard B.,
1999], for engineering pf product support These studies emphasize the
importance of object oriented approach structuring information systems (see
e.g., [Eynard B., Girard P. et al., 1997]).

Cooperation and coordination of the Prosper CNRS program is mainly
based on empirical studies (e.g., [Legardeur J., Merlo C. et al., 2003]).
Cooperation versus coordination is deepened by [Boujut J.-F. and Laureillard
P., 2002], and the paper of [Boujut J.-F. and Blanco E., 2003] opens to the
computer support approach in this field. A special focus on information
systems notions is presented according to the systemic approaches by [Bernard
J., 1992].
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2.1.3 Relevant models to build the eASE Framework

“Although the term concurrent engineering conveys
different ideas to different people it generally signifies a
more systematic and comprehensive way of planning and
executing work so that all the needed input is collected and
brought to bear on the task. Yesterday’s word for the same
thing might have been systems engineering”.

K. ]. Cleetus (see [Cleetus K.J., 1992])

This introductive quotation is extracted from the Concurrent Engineering
Research Center technical report entitled “Definition of Concurrent
Engineering”, written by Cleetus in 1992 (see [Cleetus K.J., 1992]).

The first sentence shows that concurrent engineering allows now a large
number of different meanings. CE seems indeed to provide the automatic
answer to any engineering design issue, according to its systematic usage as
keyword in the scientific research literature. However, CE is not supported by
any unique and shared standardization, and does not to provide a coherent
way of thinking. These statements have lead to the paradox revealed by [Huang
G. Q. and Sheldon D. F., 1993]: “If concurrent engineering is the answer, [we
have unfortunately lost the notion of] what [was] the question?”

The second sentence introduces the term systems engineering. Cleetus
probably ignore at this juncture what SE is expected to become for the industry.
SE is effectively recent, according to its rise in the scientific research literature
since the beginning of the 1990’s. SE could be viewed as a structured and
standardized way to assure the fully integrated development and realization of
products which meet stakeholders” expectations (see [[NCOSE and AIAA]). The
SE standardization has been realized and promoted by many organizations
acting in complex systems development. Some research works resort to SE
definition and utilization to remedy the lack of CE or other existing engineering
design approaches, notably the industrial study of [Loureiro G., Leaney P. G. et
al., 1999] in Ford company.

Any engineering design approach induces the use of a given set of
selected design methods. The systemic approach underlined in SE enables this
selection in an enterprise-wide point of view. This is one of the reason why the
notion of methodological integration will be developed in order to illustrate SE.
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Concurrent Engineering

Description of Concurrent Engineering:

The CE description represents a large part of this state of the art. Actually,
the theoretical principles have really been inspired by CE deployment
experiences, notably because of the same “enterprise-wide” issues than those
reveled by the emergence of CE.

CE environment allows multiple interpretations, which could blur any CE
state of the art (see for instance the prolific work of [Banares-Alcantara R,
2000] or [Wunram M., 1999]).

For instance, the French language has multiple translations for
“Concurrent Engineering”, emphasizing the fact that CE has numerous
dimensions:

- “Concurrent”, mainly in order to show that activities are interrelated,
because the results of these activities evolve jointly during the
development process,

- “Simultaneous”, mainly in order to show that activities are performed
in a parallel and iterative fashion,

- “Integrated”, mainly in order to show that activities lead to global
optimization in terms of development solution.

Kusiak and Salomone use both terms concurrent and simultaneous (see
[Kusiak A. and Park K., 1990], [Gu P. and Kusiak A., 1993] and [Salomone T.A.,
1995]), while Preston White appends the term integrated (see [Preston White K.
Jr., 1999]).

Definitions for concurrent engineering are also various. The two following
definitions are selected because they providing together the most complete
view of the different dimensions contained in CE.

According to Sohlenius (see [Sohlenius G., 1992]): « Concurrent engineering
is an expression for the ambition to increase the competitiveness by decreasing the lead
time and still improving quality and cost. The main methodology is to integrate the
product development and the development of the design and production process. »

According to Cleetus (see [Cleetus K.J., 1992]): « Concurrent Engineering is a
systematic approach to integrated development of a product and its related processes
that emphasizes response to customer expectations and embodies team values of
cooperation, trust, and sharing in such a manner that decision making proceeds with
large intervals of parallel working by all life-cycle perspectives, synchronized by
comparatively brief exchanges to produce consensus. »

Concurrent Engineering can be consequently viewed as a global approach
regarding product, processes and organization.
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Contribution and limits of CE:

According to Singh (see [Singh K. J. and Lewis J. W., 1997]), the key to
success lies in “managing for performance”, through top-down institutional
changes, standardized infrastructure and bottom-up incremental implementation
of the new concepts.

The CE experiences provide numerous examples of deployment issues,
combining implementation of design methods and design tools, and including
organizational actions.

As said by Cleetus (see [Cleetus K.J., 1992]), “yesterday’s word for
[concurrent engineering] might have been systems engineering”. Thus CE can
be viewed as one of the essential basis for SE definition. This assumption is
confirmed by the benefits of the Systems Engineering process in Concurrent
Engineering, underlined by Matty (see [Matty G.E. Jr., 1995]). For instance, the
role of the system engineer has been pointed out through the CE studies, and
notably by Harding (see [Harding J.A. and Popplewell K., 1996]). CE studies
refers now to a SE perspective as a way to implement CE environment (see e.g.,
[Kusiak A. and Larson N., 1999]).

The first limit is that CE does not provide indeed a complete process
model as unique reference, as SE. It is a collection of interesting objectives and
global improvement approaches, but too many works may refer to CE without
being coherent together.

Furthermore, a complete part of CE studies seems to focus first on product
engineering, including product life-cycle processes, but often neglecting the
own engineering of the related systems, such as manufacturing system.

Nevertheless, the other part of CE studies deal with Design for
Manufacturing approach, in line with CE approaches.

Now DFM has to be explored, in order to complete the positioning of SE
regarding the treatment of manufacturing design issues.
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Design For X

Description of Design for X:

Product specification focuses first in customers needs. However, these
needs are not sufficient to solve all the specific design issues of a given system.
Design for X is a concept that has emerged, where the letter “X” represents the
other characteristics or design objectives needed to engineer a product, such as
reliability, robustness, serviceability, environmental impact, manufacturability,
changeover or even disassembly. Design for manufacturing (DFM) is the most
common of DFX methodologies, which directly address the manufacturing cost
to the product design. As an extension, design for assembly (DFA) emphasized
on assembly process.

As seen for other specific approaches, DF X requires cross-functional
teams, gathering multidisciplinary competencies.

Based on the fact the DFM can be viewed as an illustration of DF X, DFEM
will only be detailed in order to treat the different cases of DF X approaches.

The DFM methodology is performed throughout the development
process, and aims to estimate and then reduce manufacturing costs (of
components, of assembly and of supporting production. The typical process of
DFM methods includes also impact studies, in order to control engineering
changes it induces on the product (see [Ulrich K.T. and Eppinger S.D., 1995]).

Reducing manufacturing costs implies to understand the process design.
Key techniques are for instance: standardization of components, redesigning
product to reduce the number of manufacturing operations, minimizing
complexity.

Using DF X for Concurrent Engineering:

Despite the fact that Ulrich and Eppinger (see [Ulrich K.T. and Eppinger
S.D., 1995]) present the DFM as an autonomous approach to improve product
design and development, number of others publications present the DFM as the
natural continuity of CE (see e.g., [Salomone T.A., 1995] and [Preston White K.
Jr., 1999]). This statement contributes to blur CE aims and scope.

The following view of the relationship between DF X and CE could be
here suggested, which aims to be more neutral: “From DF X to “DF *(Xi)” where
Xi could represent all the different DF Xs initiatives”.

As seen with the design for manufacture and assembly (DFMA) (see
[Edwards K.L., 2002]), extensions of DF X to “DF ¢(Xi)”, the more integrated the
Xi design objective is, the more concurrent are the engineering processes.

From restricted and dedicated project phases to an integrated process
model that earliest take any Xi objectives into account (i.e. using DF X to
enhance CE environment)
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A SE point of view of DFM contribution (see [Preston White K. Jr., 1999]),
may show that DF X approaches could lead to several activities and rules,
disseminated through the engineering processes from the beginning to the end
of product design activities.

Thus, a wider technical scope and a wider temporal integration of DF X
approaches would lead to a more efficient contribution to Concurrent
Engineering environment.

Contributions and limits of DF X:

A DF X approach could promote the technical and economical importance
of what implies the “X” for the product development. The SE requirement
analysis approaches are trying to involve the whole systems solicited during
the product life-cycle, distinguishing product and process requirements (see
[Abadi C. D. and Bahil T., 2002]), and relevant with the DF X approaches.

Thus DFM have to be promoted in order to introduce the manufacturing
point of view in the product design teams.

The first limit is that teams would be composed of at least 30 members (the
16 areas of expertise and also the experts each technology or synthesis domain
of the product design). It will lead to organizational issues.

Furthermore, the DF X addresses too specific constraints, and does not
allow to consider the developments of manufacturing systems as themselves.

A generic process model including several areas of expertise in the
manufacturing domain has to be defined, in order to reach a more dynamic
interaction between product engineering and manufacturing systems
engineering.

Concurrent Engineering and DFM provide key basis for the SE
explanation and extension. These approaches deals with implementation issues
and associated collaborative, virtual, information technology issue and invite us
explore these aspects more deeply.
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2.1.4 Models potentially contributing to SE

A tools taxonomy, as a set of methods supporting the Systems
Engineering process, is proposed by Oliver (see [Oliver D. W., 1995]). This
study confirms the role played by a selection of models in the SE definition,
deployment and application.

Systematic Approach of Pahl and Beitz, Quality Function Deployment and
Axiomatic Design are here introduced, as methods or approaches providing
relevant notions and potential contributions according to the research
orientations. Others methods could also have been more precisely introduced,
but their interest in terms of contribution and explanation of SE were more
limited than those chosen.

To conclude, the Design Structure Matrix technique is presented, because
of its potential role for further research work.

Interest of the Systematic Approach of Pahl & Beitz

According to [Blessing L.T.M., 1996], the prescriptive methodologies have
common features, as the division into three major stages: problem definition,
conceptual design and detail design. A logical sequence of tasks enable to drive
the design process, in the systematic approach designed by [Pahl G. and Beitz
W., 1996] that mainly concerns the field of mechanical engineering.

Quality Function Deployment method (QFD)

Numerous papers are dealing with the use of QFD in a Systems
Engineering context. For instance, the link between SE and QFD is deeply
studied in the paper of [Clausing D. and Cohen L., 1999], and QFD has been
practically used in Ford Company, as seen in the paper of [Loureiro G., Leaney
P. G. etal., 1999].

Axiomatic Design

Axiomatic Design has been derived production systems design. The
application to the manufacturing engineering domain has been developed by
[Reynal V. A., 1998]. It is more briefly presented by [Cochran D. S. and Reynal
V. A, 1997], focusing on design and evaluation of manufacturing system
design. Many research have been produced at MIT (Massachusetts Institute of
Technology) in this field, gathered by the notion of Production System Design
framework, detailed by [Kuest K. M., 1999], [Kim Y.-S., 1999] and [Ali M., 1997].
This framework enables to connect manufacturing design objectives to
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operation design parameters, focusing on design of operations, i.e. the
architectural design of the manufacturing systems.

Axiomatic Design could also focus other fields in engineering design, like
reliability, as studied by [Arcidiacono G., 2000].

The interest of Axiomatic Design to enhance a Systems Engineering
environment will be detailed in section 2.2.2, page 51.

Other methods

The potential contributions of design methods to SE processes will be
detailed (see Table 5, page 52), based on various surveys and references about
Value Analysis, Functional Analysis (FAST), TRIZ (ARIZ), Robust Design,
FMEC Analysis and Preliminary Risk Analysis & Fault and Event Trees.

Use of Design Structure Matrix

The fundamental notions of DSM have been established by [Whitney
Daniel E., 1990]. DSM has been practically used in Ford Motor Company, as
seen in the paper of [Qi D. and Berry P.W., 2003]. The work of [Browning T. R.,
1998] about the link between DSM and Concurrent Engineering must be here
cited. DSM technique could also deal with engineering processes, as taught by
[Browning T. R., Fricke E. et al, 2003], in their tutorial during INCOSE
symposiums.

Even though this technique has not been applied, it appears as a good
answer for the two aspects it deal with: technique improvement, and process
improvement. The conclusion about DSM is that such technique could be
applied, according to the work of the DSM organization, increasingly
developed in SE community and especially in the automotive industry.

DSM limits according to the objective are the following (shared by
[Oosterman B., 2001]): it seems difficult to enact the validity of the interactions,
which support and configure further improvements. The exchange of
information seems not enough accurate to enable the improvement of practical
situations.
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2.2 Systems Engineering

The bibliographical investigation leads to the conclusion that Systems
Engineering does practically not appear in the references that are not openly
dedicated to SE community. Inversely, the more academic papers from SE
community deal with existing engineering design theories. However, SE is
historically based on these theories. This is the reason why the large field of
engineering design approaches has been previously explored. Moreover, the SE
implementation in a company can - partially or entirely - feed of their contents.
This explain why the methodological integration point of view will be used in
order to describe SE.

2.2.1 SE description

Regarding the SE presentation, the theoretical advances are starting from
existing considerable theoretical results: the company had already began the
definition and deployment of SE to the vehicle engineering. A framework
already exists, and the theoretical contributions will be presented according to
this precious basis.

SE is deployed as an entire design methodology, used to engineer, realize
and integrate the products and the related manufacturing systems.

SE describes a maximalist® view of all the processes performed to develop
a complex system, considering his entire life-cycle and systems consequently
implied’, based on a structural decomposition of the system into sub-systems
and including the project management.

The whole description should include enterprise processes, project
processes and technical processes performed by a given organization, and
agreement processes between two organizations.

® all the tasks required to develop a system are described in the processes,
with a sufficient level of abstraction to be as well understood by all of the
engineers, from any dept. they come.

’ the enabling systems are any system that provides the means for any
stages of the system of interest’s life-cycle (development, production, test,
deployment, training, support and disposal). SE can also be applied to the
enabling systems, therefore treated as a new system of interest - depending on
their complexity.
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Here, priority has been given to the technical processes, more related with
concrete work of engineers. But the chosen way to describe a generic and
complete framework of the design process can be considered as a mix of:

- activity-based and phase-based models” (details can de read in [Tate
D., 1999]), which prompts us to describe related processes,

- prescriptive and descriptive models, which allow a professional-based
approach.

Focusing on system design, four technical processes of SE are directly
concerned: Stakeholders Needs Definition Process, Requirement Analysis
Process and Architectural Design Process composed of Logical Design Process
and Physical Design Process. These four processes divide design in 4 domains
(Needs, Requirements, Functions, Components).

Mapping and zigzagging can be done between all theses domains. About
mapping, the implementation of SE currently advocates the use of matrix to
ensure traceability of engineering’s data and have a visual control of the
coupling between them. About zigzagging, the approach concerns first the
functional and the physical decomposition, where sub-systems are defined, to
which the processes are applied with recursiveness.

This didactical introduction of SE technical processes is inspired by the
notion of mapping and zigzagging in Axiomatic Design (see next section).

SE describes a view of all the processes that have to be performed in order
to engineer and develop a complex system, considering its complete life cycle.

In Figure 10, the whole description of SE build from the [ISO15288, 2000]
description includes four types of processes: enterprise processes, project
processes and technical processes performed by a given organization, and
agreement processes between two organizations. All the tasks required to
develop a system are entirely described in these processes, as shown in [EIA632,
1998] or [IEEE1220, 1995]. Engineers from any area of expertise can adapt it. It
allows to combine an activity-based approach and a professional-based
approach, according to [Tichkiewitch S. and Brissaud D., 2000].

¥ So SE is able to help us providing to the organization the (emerging)
new model of the design process needed - as written by Derrick Tate — to
“accurately [describe] the sequence of activities performed and |...] to guide designers
more effectively”.
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Enterprise Process Project Processes
| Enterprise Mgt Process | | Planning Process | | Decision Making Process |
| Investment Mgt Process | | Assessment Process | | Control Process |
g System Life-Cycle Mgt | Risk Mgt Process | | Configuration Mgt Process |
(@) Process
e .
© Technical Processes
N | Resource Mgt Process | —
= Stakeholder Needs | Validation Process |
< Definition Process
= Agreement Process Evaluation and
B g | Requirements Analysis | Optimization Process
— | Acquisition Process |
g | Architectural Design | Operation / Maintenance /
— Transition / Implementation
@) | Supply Process | | Verification Process | / Disposal Processes

Figure 10. Processes for Engineering a System

The development programs are detailed on the basis of the Hierarchical
System Structure (HSS) of the system, resulting from the Simon’s hierarchical
concept in [Simon H.A., 1981]. The HSS represents an architectural design
result: for each level, systems are split into sub-systems as new design
boundaries. It induces the organization of the project management, through
building blocks, matching the product architecture and the organization, as
developed in [Oosterman B., 2001] and also described in [EIA632, 1998], and as
shown in Figure 11.

Operational system
products | | enabling
cee products
[ I I
End Product development test training
(vehicle) products products products
Consists of
production support
products products
Subsystem Subsystem

LI I 907 Building Block

Figure 11. Building Block in EIA 632
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Hierarchical System Project Hierarchy
Structure associated with HSS
Is responsible .
system 5 Project
1:many 1:many
Subsystem ‘Is responsible project
for
T T
[} [}
i |
Lmany | Limany |

element é' respfonsible project
or

Figure 12. Mapping between Project hierarchy and Hierarchical

System Structure

The item (systems) of a HSS consists in design boundaries that lead to the
creation or the adaptation of the systems. The engineering of each system of
both HSSs are described with iteration of the two major technical activities of SE
— Requirements Analysis and Architectural Design.

This presentation is expressly succinct: to learn more practically the
contents of SE, see the illustration of the extended Automotive SE application
given in Chapter 3.1.

To complete SE contents description, many descriptions on differences
and mutual enhancement between SE methodology and existing design
methods are available in [Preston White K. Jr.,, 1998], and through the
methodological integration point of view in [Lardeur E., Bocquet J.-C. et al.,
2002], which provides a mapping between SE processes and existing design
methods. This explains why the methodological integration notion is here
detailed.
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2.2.2 The Methodological Integration

SE cannot be considered as others design methods, but rather a way to
deploy best practices around the entire description of the engineering
processes. Considering only 4 essential phases, also called four C (collect, create,
construct and product), [Cavallucci D. and Lutz P., 2000] replaces 8 design
methods (through the contents of each methods described by phases too). The
designer should be able to increase the relevance of his project with a minimum
number of changes to his design habits.

Feeding SE’s Processes with existing theories and methods

The methodological integration point of view has been explored, where
design processes are restricted to a few essential phase. Considering now that
the company framework already provides a detailed description of the logical
order of design tasks, the early hypotheses of methodological integration must
be revised.

This study is based on the survey of existing methods of the chapter 2
state of the art of Cavallucci (see [Cavallucci D., 1999]), on a selection of papers
from SE community is listed in Table 4, and on the detailed description of the
processes. Table 5 gives an idea of potential contributions of design methods to
SE processes.

| Design Methods | References from INCOSE Symposia for further details

Value  Analysis & |[SE as model making [Tronstad Y. D., 1995] & function
Functional =~ Analysis |analysis and decomposition using Function Analysis

(FAST) Systems Technique [Wixson J. R., 1999]

TRIZ (ARIZ) The Systematic Methodology of Inventive Problem Solving
- TRIZ: a review [Savransky S. D., 1999]

QFD A SE approach to optimize customer satisfaction on

complex systems [Lakey P. B., 1995]

Axiomatic Design & || Lessons Learned Teaching Systems Engineering to

Robust Design Practicing Engineers with Mixed Backgrounds [Boppe C.
W., 1999]
FMEC Analysis Failure management and the design of complex systems

[Fisher J., 1995]

Prel. Risk Analysis & || Life-cycle risk management [Brekka L. T., 1995]
Fault and Event Trees

Design Structure | Enabling changes in systems throughout the entire life-
Matrix cycle — key to success? [Schulz A. P., Clausing D. et al.,
1999]

Table 4. Reference for examples of concrete contributions
(applications)
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Needs Requirements | Functional | Physical | Verif. & | Eval. &
Design Methods | Definition Analysis Design Design | Valid. Opt.
Functional
Analysis VY v
| Value Analysis | v | v 22 | vv
| TRIZ (ARIZ) | | v v [ v [ v
| QFD vy vv | [ v [ v
Axiomatic Vv v Vv v
Design
| Robust Design | v | v | [ v [ v | vv
| FMEC Analysis | | | [ vv | |
Prel. Risk
Analysis Y Y
Fault and Event v v
Trees
Design Structure vV vV
Matrix

Table 5. Potential Contributions of Design Methods to Technical
Processes in SE

Three types of marks identify where a design method, as described in
Table 6:

Contribution of the imperative desirable no contribution
method
Marks | Vv | v | empty boxes

Table 6. Type of marks for methods contribution

Automotive products, Manufacturing systems or both?

The interest of this approach is not restricted to the production of an
intelligent toolbox of design methods. As described in quoted references, direct
benefits can be extracted considering focal points and coverage of methods.

Identifying exactly which tasks call a method, how, why, etc. also gives
their consistency to SE Design Processes and is a way to increase performance
of development.

“Feeding” SE with existing design methods is not a one-way view, both
will enhance mutually.

Mutual enhancement SE — Design Methods

The three design processes of SE give birth to four domains: Needs,
Requirements, Functional domain and Physical domain.

As done in Axiomatic Design (AD), mapping and zigzagging can be done
among all theses domains.
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Too much specificities and disparities of knowledge and practices are
faced here to be able to describe exactly how to do the decompositions.
Furthermore, Needs and Requirements aren’t yet treated with explicit
decomposition.

A very schematic simultaneous description of each method brings a good
idea of the similarities, as shown in Figure 13.

Customer Functional Design
Attributes Requirements Parameters

o B o oo
SR SRR W

System Variables

mapping mapping mapping
Needs Requirements Functlor_1al PhVS'C?"
Domain Domain
— —
SE — —
— —
— —
o @ n <
mapping mapping mapping

Figure 13. Very schematic comparison of AD and SE

SE can therefore partially take advantage of AD: Two major benefits can
be respectively found exploring the introduction in SE of AD uses of mapping
and zigzagging. The first benefit comes from the greater use of AD’s design
matrix analysis and the second by formalizing and improving zigzagging in each
discipline.

On the other hand, AD’s actual efforts in hierarchical decomposition
[Cochran D. S., Eversheim W. et al., 2000] can be supported by SE concepts,
including Technical Processes, as for instance the Implementation Process.
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2.3 Engineering performance measurement

There are many approaches regarding assessment techniques. The
differences come from the various problematic of decision-making, supported
by several approaches, such as rational, probabilistic and psychological
approaches, leading to different techniques. Thus, the most powerful
performance measurement approach seems to be a controlled combination of
various techniques (see [AFIS, 1999]).

The issue is here to design the best assessment process: the engineering
performance amelioration consists in improving the engineering practices, done
more efficiently with: optimized resources use, reduced development times,
controlled costs and defined quality level. Such improvement is crucial for any
tirm to remain competitive.

The elaboration of performance metrics and the coercion of operational
teams into working in line with the Thesis results and systems engineering
methods could have been the research process. A research performed tight with
operational issues have been rather done, in order to build more relevant
metrics, but above all in order to give for these operational teams instantaneous
benefits from the research work.

Furthermore, engineering performance improvement is not a part of the
quality insurance process. This explain why this research is not restricted to the
definition and application of engineering indicators, but also address the
transformation of the real engineering practices, provided through self-
designed specific processes, as deployment of SE for methods aspects or
integrated approach for tools aspects.

Moreover, because of the variety of products or manufacturing systems,
the product performance is not directly treated, as studied very deeply by
[Yannou B., 2001] but also process performance, because of the methodological
target to reach.

To conclude this introduction, design process models are linked to
engineering approaches, as underlined by [Eynard B., Girard P. et al., 1997],
emphasizing on the importance of process models to improve engineering. The
approaches of [Lorino P., 1995], have here to be cited in the field of Process
Models guidance. An engineering approach can always be associated with a
related process model.
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2.3.1 Performance assessment approaches

Proceed as done at the firm Looked Martin" in order to assess SE benefits
was here simply not possible: starting simultaneously two “blind projects”,
with the same resources and the same objectives, but using SE or other
methods. SE project has reveled deeply more efficient.

Absolute measure versus relative comparison approaches.

Two different approaches are available for performance assessment: based
on “absolute” measures of the characteristics of the practices, or based on
“relative” comparison of the practices themselves to standardized practices.

Regarding characteristics of a practice, dashboards are the most usual tool
to support any measurement approach, especially as soon as the aim of the
assessment is to enable control of considered practices [Fernandez A., 1999].
The items concerned by any assessment can be taken from the components of a
cross view combining the three decomposition levels of a system: strategic,
informational or operational, and regarding the products, the processes or the
organizations.

Regarding standardized practices, models have emerged that are
dedicated to the assessment of capability and maturity of a given set of
practices. The improvement can be achieved through the definition and the
application of the development process models, pursuant to the capability and
maturity models.

Because of SE context, the relative comparison approach has been chosen
and will be deeply detailed.

Efficiency versus effectiveness assessment.

Differences between efficiency and effectiveness have been studied in
[Perrin J., 1999], and ].M. Hazebroucq, author of a Ph.D. Thesis dealing with
performance in project management (see [Hazebroucq J.M., 1992]), has
underlined the notion of efficiency to complete the notion of effectiveness (see
also [Hazebroucq J.M., 1999]).

In the field of engineering design, the effectiveness is related to the
performance of the design result, and the efficiency is related to the performance
of the design process. For the successive reasons explained in the introduction
of this section, the Thesis will focus only on engineering efficiency, notably
because my work deals with Process Models.

" Looked Martin is known as the first firm that reached the CMM level 5.
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2.3.2 Capability and Maturity Model (CMM)

According to the literature available in the SE network, CMM seems to
provide the most efficient models for performance assessment and
consequently for performance improvement. The integrated CMM is born
thanks to one of the first INCOSE initiative [INCOSE, 1996].

Capability Maturity Model™ Integration (CMMI”) aims to pursue
enterprise-wide process improvement.

The CMMI project comes from the Systems Engineering context. It has
been sponsored by U.S. Department of Defense (DoD), involving a large
number of organizations throughout the world. This project consisted in the
gathering of the previous CMMs sources into a CMMI framework and a CMMI
model [CMMI, 2000] to support performance improvement and integration
activities in companies.

The three sources models are: (1) Capability Maturity Model for Software
(SW-CMM), (2) Electronic Industries Alliance/Interim Standard (EIA/IS) 731,
and (3) Integrated Product Development Capability Maturity Model (IPD-
CMM). Although the previous discipline-specific models have proven useful to
many organizations, the use of multiple models was problematic. Thus, a model
that successfully integrates disciplines and has integrated assessment support
would solve this problem.

CMMI is also consistent and compatible with International Organization
for Standardization/International Electro-technical Commission (ISO/IEC)
15504 (see [CMM, 1998] for details). The need of a global consistence and
coherence of models has been confirmed and discussed in [Pollak B., 1998].

CMMI projects evolve, toward an increasingly integrated model. The
research work is based on the most recent reference available in 2002, i.e.
version 1.0., which is the version that founded the selected Micro Assessment
Guide of SECATT. The research work has not been up-dated in conformance
with the evolution from version 1.0. to 1.1.. Despite this lack of “configuration
management” conscientiousness, it is decided to detail the contents of the
CMMI model according to the latest version (i.e. version 1.1. [CMMI, 2003]) and
especially from its poster version that could provide an efficient CMM tool.

Contents of CMMI
CMMI supports two different representations: staged and continuous. The
components of both representations are Process Areas (listed and numbered for

" CMMI is a service mark of Carnegie Mellon University
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instance in Table 9), specific goals, specific practices, generic goals, generic
practices, sub-practices, typical work products, discipline amplifications,
generic practices elaborations, and references.

CMMI may focus on four discipline-specific models: SE (Systems
Engineering), SW (Software Engineering), IPPD (Integrated Product and
Process Development) or SS (Supplier Sourcing).

A Maturity Level is a combination of n listed PAs (from process
management, project management, engineering or support domains).

| | Maturity Level 2 | ML 3 ‘ML 4 ‘ML 5

‘ Process Areas | n, * PAs” ‘ n, * PAs n, * PAs ‘ n, * PAs
’ CL5 Generic Goals and associated Generic Practices for CL 5
CL4 GGs — GPs (CL4)

CL3 GGs — GPs (CL3)

CL2 GGs — GPs (CL2)

| Capability Level 1 | GGs -~ GPs (CL1)

| | List of Specific Goals related to each Process Area

‘ | (Sub-)List of Specific Practices associated to the Specific Goal

Table 7. Articulation of CMMI model components

The specific goals organize specific practices and the generic goals
organize generic practices. Each specific and generic practice corresponds to a
capability level. Specific goals and specific practices apply to individual process
areas. Generic goals and generic practices apply to multiple process areas. The
generic goals and generic practices define a sequence of capability levels that
represent improvements in the implementation and effectiveness of all the
processes to improve.

CMMI models are designed to describe discrete levels of process
improvement, throughout two kind of representation: staged and continuous.
These two points of view come from the way different sources were previously
build [Cusick K., 1996].

The staged representation [CMMI, 2002a] provides a sequence of
improvements, beginning with basic management practices and progressing
through a predefined path of successive levels. Each level serves as a base for
the next one. This representation enables organizations comparison based on
maturity levels taken as scale and providing single ratings between sub-parts of
the organization, such as project teams or areas of expertise.

" n, represents the number of PAs related to a the maturity level number

“"77
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The continuous representation [CMMI, 2002b] allows to select an order of
improvement that best meets a given set of business objectives. It enables
organizations comparisons, process area by process area, based on results
through the use of equivalent staging.

A synthesis is depicted in Table 8 that shows the difference between both
representations in terms of performance improvement point of view: what
items are the inputs according to the assessment objectives, and what items are
improved as outputs.

’ Representation | Staged | Continuous

Inputs (objectives) || Through targeted Maturity Level in | All Process Areas
given Process Areas

Outputs Generic Practices improvements |Specific practices and Generic
via  standardized improvements |Practices improvements via
processes, related to Generic Goals | Capability Level improvement

Table 8. Comparison between Staged and Continuous CMM
representations

The importance of the role played, in both representations, by the linkage
between Process Areas and Generic Practices, must be emphasized.

Choice between staged and continuous representations and choice of a
discipline-specific model induce the cultural issues faced for any technology
transition.

Actually, neither the choice between staged and continuous
representations, because of these “cultural reasons”, nor the differences
between discipline-specific models will not be faced and considered. Systems
Engineering is quite unfamiliar at PSA Peugeot Citroén, and especially in the
manufacturing systems domain.

Moreover, because previous CMM references are not yet implemented in
automotive industry, the research work is not concerned by the existing
relationship between sources of CMMI and its result, as staged or continuous
representations, which provide respectively a easier transition from SW-CMM
for staged representation, and EIA/IS 731 or ISO/IEC 15504 for continuous
representation.

Thus, cultural and scope reasons lead to the use of lighter references,
supporting CMMI® concepts.

Micro Assessment Kit of SECAT LCCO

The Micro Assessment Kit of SECAT LCC is divided into three pocket
guides, dedicated to three roles contributing to the Systems Engineering success
of the company: the Program Manager, the Systems Engineer and the
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Organizational Leader. An information guide details the objectives of the

pocket guides, presentation and instructions.

The Micro Assessment Kit has its own traceability to the Systems

Engineering CMM. It only emphasizes the lower improvement levels (see , in ,

where stages 4 and 5 are almost not concerned).

| PA#14. Improve Org. Std SE Process

=

| Stage

| PA#08. Ensure Quality

||—I:| Stage | 5

| PA#17. Provide Skills & Knowledge

B

| PA#16. Manage SE Support Environment

| Stage I—H

| PA#15. Manage Product Line Evolution

L3 [l

| PA#13. Define Org. Std. SE Process

| PA#12. Plan Technical Effort

II_[I

]

|

|

|

| |

| |

| |

| |
| PA#11. Monitor and Control Tech. Effort || | Stage | I—H |
| PA#10. Manage Risk | 2 | Bl |
| PA#09. Manage Configuration || | | I—H |
| PA#04. Integrate Disciplines || | | I—H |
| PA#18. Coordinate work / suppliers || | | I—H |
| PA#07. Verify and Validate System || | | I—H |
| PA#06. Understand customer needs. .. ” Stage | | I—H |
| PA#05. Integrate System ” 1 | | I—H |
| PA#03. Evolve System Architecture || | | I—H |
| PA#02. Derive & Allocate Requirements || | | I—H |
| PA#01. Analyze Candidate Solutions || | | I—H |
| CMM Level || ) 2| 3] | 5

Table 9. Top level traceability between CMM and SECAT LCC

Pocket Guides

Each pocket guide is composed of about forty questions. Answers are

recorded in a “progress scorecard”, with the following scoring method:

0, when the task does not happen or does not generate useful result,

1, when the task is occasionally performed or generates useful results,

2, when the task is performed and consistently produces useful results,

n/a, when the task is not applicable now.

Based on the results for each pocket guide, worksheets are provided in the

information guide, in order to calculate a single number “improvement stage”

score. Answers are reported for each Stage, from the three pocket guide to a

recapitulating table, with the restrictive scoring methods “yes” or “no”. The

“improvement stage” score is the ratio between the sum of “yes” and the sum

of “yes” plus the sum of “no”.
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Systems Engineering discipline misunderstanding

A major benefit of Pocket Guides is that no SE experience or even specific
knowledge is required. Systems Engineering is an often misunderstood
discipline, notably because its own glossary, very far from usual ones,
especially in mechanical engineering field. This series of Pocket Guides clearly
defines what must be done for effective systems engineering to be practiced
within an organization.

Individuals can evaluate themselves against the CMM® Pocket Guides,
tracking their own performance using the progress score sheets in the back of
every Pocket Guide. They can periodically, possibly once per month or once per
quarter, ask themselves the questions in their Pocket Guide and see if they are
performing the practices on their program or across programs as appropriate.
They can track how their answers change, and use it to identify where they are
weak and have an opportunity for improvement.

Contributions and limits of CMM and Pocket Guides
CMM and Pocket Guides are here chosen to support only “one quarter” of
the total engineering performance assessment field, as described in Table 10:

| | Absolute measure | Relative comparison

| Effectiveness | |

| Efficiency |

Table 10. Selected assessment approach

The specific choice of focusing on engineering efficiency measured by
relative comparison to standardized practices leads to following drawbacks.
First, Process Areas (PA) definitions may vary through the different sources
models. The major drawback is that neither the listed sources models nor
CMMI does provide a simple framework, and it is globally excluded to work
for operational teams with such references (representing every time more than
600 pages). The aim is not to train designers to apply so complex and numerous
criteria to their work.

CMM and Pocket Guides seems to provide a practical results, but still not
pertinent for an engineering domain where Systems Engineering is unfamiliar
or even unknown.

Thus, an adaptation will be necessary to lead any assessment.
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2.4 Academic positioning

A benchmark extended to academic research and to traditional
engineering fields has been provided. A state of the art of engineering design
methods has been notably built, which provide an essential and almost first
bridge between SE community and others industrial and academic
communities.

The research scope is here shared by many industrial and research
community, such as International Council on Systems Engineering and its
annual symposium, Design Society and the International Conference on
Engineering Design), CIRP and its Design Seminar, American Society of
Mechanical Engineers and the Design Engineering Technical conferences), or
PRIMECA (the French software resources for mechanical engineering pole) and
its International Conference on Integrated Design and Manufacturing in
Mechanical Engineering. These institutions belong to different networks.

This Ph.D. study proposes a first bridge between SE and other design
methods, and related communities. Despite the fact that SE is based on existing
theories. SE is not usually mentioned in other references. They are not openly
dedicated to the SE community. Few articles from the SE community deal
explicitly with existing design theories, as seen with the Systems Engineering
interpretation of the DFM methodology [Preston White K. Jr., 1999].

The area of interest of the Annual Symposiums of the International
Council on Systems Engineering (INCOSE): “SE Application, Modeling &
Simulation, SE Management, System Analysis/Process, Measurement and
Education/Standards” shows similarities with “Design Research, Design
Management, Design Methods and Design Application (Industry &
Education)” which are the areas of interest of the International Conference on
Engineering Design (ICED). The main difference seems to be that SE focuses
more on Industry than on Research.

The positioning of my research work is depicted in Table 11, page 62
which introduces some of the most interesting conferences of the research
domain, and lists our contributions.

To conclude, a set of publication have been selected, detailing an approach
based on the SE process model as a optimal balance between descriptive /
prescriptive approaches, systematic / concurrent approaches, (re)building a
bridge between different academic and industrial research networks. The
methodological integration point of view is used mainly because of the nature
of the SE process model, open to specific methods.
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Existing methods and approaches will not be directly enhanced by such
research work, because it focuses only on SE improvement. But such work
could provide a indirect mutual enhancement.

Considering indeed common standpoints of design processes, studies on
methodological integration only deal with essential phases of design: the “four
C”: collect, create, construct and product, for Cavallucci [Cavallucci D. and Lutz
P., 2000]; and a minimalist design process for Martin [Martin C., 2001].

SE provides a wider description of engineering processes, improving the
interest of such a methodological integration.

| Scope | Conference | Publication
Systems International Council On SE |[Lardeur E. and Auzet C., 2003]
Engineering | INCOSE) Symposium and the |[Lardeur E., Auzet C. ef al., 2003a]
Systems Engineering Journal [Lardeur E., Auzet C. et al., 2003b]

European SE Conference (EUSEC) |[Lardeur E., Bocquet J.-C. et al., 2001]
and “Conférence de 1’Association
Frangaise d’IS” (AFIS)

Industrial International CIRP Design Seminar | [Lardeur E., Auzet C.et al., 2003c]
Engineering | of the International Institution for
Production Research

Integrated Design and | [Lardeur E., Bocquet J.-C. et al., 2002]
Manufacturing  in ~ Mechanical | [Lardeur E., Bocquet J.-C. et al., 2003a]
Engineering (IDMME) conference
and the book Recent advances in
IDMME

International Conference on |[Lardeur E., Bocquet J.-C. et al., 2003b]
Concurrent Enterprising (ICE)

International Conference on |-
Concurrent Engineering (CE) a publication could be planned

“Colloque national du Poéle de |[Lardeur E., Bocquet].-C. et al., 2003c]
Resources Informatiques pour la
Meécanique” (PRIMECA)

Design Design  Engineering  Technical | -
Conference and Design Theory and | a publication could be planned
Methodology Conference of the
American Society of Mechanical
Engineers (ASME / DETC & DTM)

The Transaction on Systems, Man | [Lardeur E. and Longueville B., 2003]
and  Cybernetics, = Computing | (Invited Session)

Engineering in Systems Application
of the Institute of Electrical and
Electronics Engineers (IEEE /

CESA)

International Conference on |-

Engineering Design (ICED) of the |a publication could be planned, but maybe
Design Society too focused on product design only

Table 11. Contributions synthesis, illustration of my positioning
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Chapter 3. Automotive SE extension: eASF

The purpose of this chapter is to present the extension of the existing
Automotive Systems Engineering framework of PSA Peugeot Citroén. The
theoretical advances have lead to what is called the eASE framework, for
extended Automotive Systems Engineering framework.

First, the extension of the application of the ASE framework to the
manufacturing systems development is described. It takes the specifics aspects
of the production domain into account. This extension is illustrated by a
didactic example of a staple-remover manufacturing systems engineering. This
tirst theoretical contribution enables to build an integrated framework for the
coordination of automotive products and related manufacturing systems. This
coordination framework is detailed and then illustrated by the same didactic
example. Some details about the perspectives opened by the chapter concludes
it.
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3.1 Applicability to Manufacturing Systems

Actual PSA Peugeot Citroen SE Framework

Actual Automotive SE Framework is described notably from SE standards
[ISO15288, 2000] and [EIA632, 1998], in a set of internal and confidential
documents, and still evolve to be increasingly exhaustive.

[Auzet C., 1999], represents the master “ASE Document” that ensure the
technical coherence of the complete PSA Peugeot Citroén ASE Framework.
Many documents have been written after this one, emphasizing on the various
ASE Processes (see Figure 10. Processes for Engineering a System, page 49).

These documents are parts of a collection called “Guide for Automotive
Systems Engineering”. The aim of this set of guides is to describe the
methodological target. Each document contains the purpose, the concepts, the
description of the process and associated helpful methods, and is completed by
a template when it is required. Each document is written by a different member
of the ASE deployment team, according to the required expertise. This
documentation is the reference for ASE deployment, it represents the ASE
definition activity. Any document has been verified, enhanced and validated by
a working group of experts of the company. I was always involved in the
review process of the documents, as the other ASE deployment team members.

The fact that the coherence has been preserved despite the widening of the
ASE framework and the increasing number of successful application of ASE
brings another proof of the ASE efficiency and consistency.

This documentation is also supported by a training program, through
different focus and level of complexity, depending on the role of the
participants in the company: technicians, engineers of a given domain (e.g.,
product or manufacturing systems) a given area of expertise, or managers.

Getting specific aspects from manufacturing systems domain

The specific information can be typically provided by reading the
repositories of a given area of expertise or interrogating its experts. This implies
the use of a questionnaire, which also pertains to the current engineering
practices. Such questionnaire aims to identify the specific aspects of generic
activities. After collecting all the specific aspects, a better understanding of the
heterogeneity allows to define a generic engineering design approach,
compatible with the specific engineering practices.
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This explains the evaluation questionnaire (see Chapter 4) has been used
in order to collect additional information. This elaboration process ensures the
relevance of the theoretical advances according to the real engineering practices
of the engineering teams.

Theoretical aspects of eASE for manufacturing systems

The following text is not company specific. It has been written before the
document [Auzet C. and Lardeur E., 2003], which is now the reference
document for any application in the company.

A common framework, provided by SE, where processes regarding
Manufacturing Systems Development as well as Product Development are
described, gives a new approach to describe data exchange between
engineering tasks.

This example shows eASE principles and only concerns the first level of
decomposition, in spite of SE’s interest to drive design of all levels.

The staple remover design gave the followings results and choices :

- product physical decomposition (See Figure 14),

- choices of followings materials and processes (based on feasibility and
cost analysis studies, called by E & O (Evaluation and Optimization)
and V & V (Verification and Validation) technical support processes of
the product design): (make) cutting and stamping stainless steel,
extruding plastic, riveting plastic grip and metallic tooth, riveting parts
into final product; (buy) springs, rivets (two sizes), plastic bars, steel
rolls,

- choices of followings principles : same plastic grips for each L and U-
parts and same riveting.

Product Physical Decomposition

Staple remover

[ I I ]
‘ Lower Part ‘ ‘ Spring ‘ ‘ Pivot Rivet ‘ ‘ Upper Part ‘
| |

[ [ ] [
‘ Plastic Grip ‘ ‘Metallic L-Tooth‘ ‘ Fixation Rivet ‘ ‘Metallic U-Tooth‘ ‘ Plastic Grip ‘ ‘ Fixation Rivet ‘

Figure 14. Staple remover physical decomposition

This decomposition can be transformed as shown in Figure 15, and
constitutes a source of requirements, complemented by others stakeholders
needs and including product design choices. Allocations of requirements to
functions can consequently be done, and some constraints can directly affect
components (See Figure 15).
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Product and raw material Physical Decomposition

’ Staple remover ‘

’ Parts ‘ ‘ Spring ‘ ’ Rivets ‘
[
| |
] Tooth (L and U) ‘ ] Plastic Grip (x 2) ‘ Fixation Rivet (x 2)|
Pivot Rivet ‘
Steel Plastic

Figure 15. Up-graded staple remover physical decomposition

Products that are physically present in the manufacturing system are
taken with requirements and results of functional analysis to construct the
logical architecture of the production system, introduced in Figure 16.

Fixation Rivet
» Metallic U-Tooth }—

Plastic Grip
Plastic Grip

Funct. 4 Funct. 5 Metallic L-Tooth

Figure 16. Logical Architecture, with macro-functions

Spring

—» Funct. 2

Upper Part

Funct. 1 P Staple Remover

—» Funct. 3 Lower Part

Pivot Rivet

Functions are initially determined by requirements, and logical
decomposition is driven with possibility of allocation of a function to a feasible
organic solution. The matrix of Functions and components of the
manufacturing system is given in Figure 17 .
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O@@‘O@O&Qo(\ \{(\ QOC\J(\
LALLM
S S V& g 5%
S
T VS Y'Y Y Y P Functions Sectors
Rivet Teeth X
Supply Pivot Rivets X
Place Teeth and Spring X
Funct. 1 Assembl
Supply U-Teeth X y
Supply L-Teeth X
Supply Springs X
Fix Grip to Metal Part X Funct. 2 & 3 | Sub-Assembly
Supply Fixation Rivets X '
Stamp Steel (2 types) X
Cut Steel X Funct. 4 &5 Metal
Unroll Steel X
Supply Steel Rolls X
Extrude Plastic X1 Funct. 6 Plastic
Supply Plastic X '

Figure 17. Allocation Matrix of Functions and Components

Considering the first level of decomposition will lead us to the flow chart
of Figure 18.

» Metallic U-Tooth }—

Plastic Grip

Sub-assembly| Upper Part

Sector

Plastic
Sector
Metal Sector Metallic L-Tooth

Fixation Rivet

Figure 18. Physical Architecture, with sub-systems (sectors)

Assembly Staple Remover
Sector

Lower Part

Plastic Grip

Pivot Rivet

I

Evaluation & Optimization and Verification & Validation processes can be
performed at each level of design to ensure efficiency. Technical processes of SE
can also be done (they have started with all valid information of upper level) to
sub-systems, including emergent properties of design and maintaining the
traceability of engineering data.

In this field, as a specific document, the Technical Specification template
for manufacturing systems requirement engineering has been built, made with
support of a working group members.
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3.2 eASE for coordination of engineering

The following concepts are not company specific (Illustrations regarding
PSA Peugeot Citroén are presented in the next section). It has been written
before the document [Auzet C. and Lardeur E., 2003], which is now the
reference document for any application in the company.

For confidential reasons, the theoretical contributions presentation is here
restricted, notably the whole advances held in the company are not presented,
regarding a more accurate description of systems into two types of artifacts.

321 Methodological concepts

As shown in Figure 10. Processes for Engineering a System, page 49,
processes for engineering a system are divided into four types. Table 12
identifies these four types by their ability to be applied distinctly or commonly
to the Products and/or the Production Systems.

| Type of Processes | distinctly | commonly | common or distinct “objects”

| Enterprise Processes | | v | resources and investments.

| Agreement Processes | v | | contracts.

| Project Processes | | v | teams, delays, risks, decisions and information.
| Technical Processes | 4 | | technical documents, models and artifacts.

Table 12. Distinction or community principles for the processes

Technical and Agreement processes provide a generic description and can
be distinctly applied to Product and Production Systems. The role of Enterprise
and Project processes is to bring coordination in the development of Products
and Production Systems needed to produce them.

It also seems necessary to characterize in the whole technical tasks realized
by a development team those that belong or contribute to Products,
Productions Systems or both. The four Knowledge Areas of the PMBOK Guide
[PMBOK, 1996] and the description of the Project Management Context are
directly concerned with establishing a link between Product Systems and
Production Systems, as shown in Table 13.

Of course, links are more complicated than described in Table 13: for
instance Risk Quantification, where risks concern simultaneously Products and
Production Systems, cannot be restricted to an additive or multiplicative link.
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| Items of PMBoK | Link between Products and Production Systems

Project Coordination (in Project Multi-projects and Development Team Coordination
Management Context) through Enterprise Organization
| Project Integration Management | Project Plan Development
| Project Time Management | Activity Sequencing, Schedule Development and Control
Project Communication Information Distribution

Management
| Project Risk Management | Risk Identification and Risk Quantification

Table 13. Management Links between Products and Production
Systems development

The coordination engineering data between developers is also technically
very complex and must be described in SE with the best practices known in
Concurrent Engineering, to ensure wide information distribution, especially in
terms of coordination.

The research work of [Marle F., 2002a] provides good reference to
concludes this justification. Among the whole links existing in the project
management field, he has identified seven kind of links: hierarchy, resources,
sequence, contribution, influence, similitude and exchange (see also the
publication of [Marle F., 2002b] in English). The basic SE methodology leans on
these links, such as hierarchy in Hierarchical Systems Structure. The need of
coordination could be supported by exchange and influence links

3.2.2 eASE coordination framework

Coordination framework construction: artifacts, natures of processes,

links

First, the analysis of Table 12 shows two kind of artifacts to handle with,
regarding an end product and related enabling systems (for instance
automotive product and manufacturing systems):

- Processes applied commonly to systems require a previously
identification of these systems, because they are indeed the artifacts to
handle with,

- Processes applied distinctly to different systems imply to create links
between applications of these processes to the system, an activity
performed for a given system is indeed the artifact to handle with.

Second, because of the nature of the SE processes, and referring to Figure
10, which presents the adaptation of the [ISO15288, 2001] cartography, the
coordination, in the field of engineering, is only effective when performing the
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project processes. Therefore a coordination can be materialized for project
processes, and enterprise processes or agreement processes do not contain any
coordination ability. A more detailed coordination link concerns activities:
technical processes contain the activities performed for the systems (the
application of a given systems engineering process), and are managed by the
project processes. This lead to two type of links: between systems and activities.

Third, engineering data also deal with the results of the application of the
processes. This justifies a third type of link, supporting these results. Among the
different results created through the application of SE processes, only one kind
of activity lead to representations combining end product and related enabling
products: the technical activities of the enabling product (e.g. the
manufacturing systems engineering design, where products to forge, to paint,
to assemble, etc. must be represented or modeled). Thus, a third type of link is
modeled between automotive product and manufacturing systems, regarding
manufacturing systems engineering only.

This topology of links is therefore justified by taxonomical aspects, by
construction. The utilization of the links (what does any link enable for
engineering coordination) also justifies this topology.

The first level of link

The description and the management of the first level of link enable to
plan and control the engineering. The connections between systems of each
HSS can be planed a priori in order to plan and control an entire program.
Project managers can refer to the frame shown in Figure 19, where arrows
represent the links: the exchange of a type of information (the value of which is
as yet unknown) between two levels of the broken down systems form each
hierarchical system structure.

Vehicle HSS Associated development

% planning

time

v

Figure 19. The first level of link
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This first link is refined when the engineering of the product or the
manufacturing system is performed. As soon as the architectures are found, this
link becomes a relation between defined systems of each hierarchical system
structure and targeted information exchange (still not assigned a value) could be
planned.

The second level of link

The second level of link is induced by the relations described with the first
level of link. The description and the management of these links enable us to
optimize concretely the simultaneous engineering of product and related
manufacturing systems in real terms. Exchange of information must occur
between the distinct technical tasks of each system. Information flow will
function as a trigger or a simple entry of the activities or as a result to be
transmitted to other activities. The bold arrows in Figure 20 describe a kind of
link, between requirements analysis and architectural design tasks of a product
and a related production system.

Engineering of an Automotive Product

<, <, A

Requirement Analysis '

Architectural Design

Architectu;al Design
< <

B

Engineering of a related Manufacturing System

Figure 20. The second level of link (excerpt between technical
tasks)

As described in [EIA632, 1998], an essential contribution of enabling
product design for end product design is located in requirements engineering.
This point of view can be confirmed: requirement analysis of the end product
provides the source of information acquired from each enabling products.
However, a description of engineering, as architectural design of the enabling
products was neglected in this standard. A model of coordination can now be
suggested.

Real values must be considered, because they introduce feasibility and
timing constraints.

The third level of link
The third level of link is asymmetric. It is the area where manufacturing

system engineering results are optimized. This link enables us to optimize the
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manufacturing system. The engineering of the product is not directly
concerned. This third type of link is described in the result of the architectural
design process with logical or physical representation of the manufacturing
system.

. p2
Machine A Machine B

p3

Figure 21. the third level of link

Figure 21 shows a physical architecture of a manufacturing system, where
pl, p2, p3, p4, p5 are the products, Machine A and B are the components of the
manufacturing system, and the arrows between machines and products are the
third type of link.

To give an illustration of the Thesis approach, the elementary example of
the engineering of a staple remover and its associated manufacturing system is
presented in the next section.
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3.3 Illustration of eASE for engineering coordination

This partial example shows eASE principles applied to the engineering of
a staple remover. The engineering of the manufacturing system of the staple
remover has already been presented in previous sections.

As a second part of application, the implementation of the new
coordination framework is her described in the same example

In this example, the following HSSs, are shown in Figure 22:

Product Physical Decomposition

[ I I ]
Lower Part Sprifig ‘ Pivot Rivet ‘ ‘ Upper Part
r & | pal
[ [ J [ \ \ [ ]

Plastic Grip ‘ ‘ Metallic L-Tooth ‘ tallic U-Tooth lastic Gri Fixation Rivet

Manufacturing SM ‘
[

Plastic Sector ‘ ‘ Metal Sector ‘ ‘ Assembly Sector ‘ Sub-assembly Sector
Plastic Conveyor ‘ Metal Conveyor ‘ Positioning Machine ‘ Rivet Conveyors ‘
Extrusion Machine ‘ Flexible Stamp Cell ‘ Components Conveyors ‘ Flexible Riveting Machine‘

Pivot Riveting Machine ‘

Manufacturing System Physical Decomposition

Figure 22. Illustration of the first level of link

Each association between product and production systems can be
managed as a connection between systems of each hierarchical system structure.
This is the first type of link. Each link can be planned as an information to
obtain at one date in order to drive the program. Figure 7 is a partial
representation where the bold arrow shows the initial link between the staple
remover and its manufacturing system, the gray arrows show the links for the
assembly sectors and the others arrows are used for some other illustrations.
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This information is assigned values in the second type of link. As done in
Figure 23, a planning of this program could be built, technically based on SE
(i.e. considering Requirements Analysis and Architectural Design and the
iterative progression of the engineering through hierarchical system structures).
Expressed by level of systems, a schedule could be drawn that conduces to the
well known “V” representation (“descendant” engineering branch only,
integration activities must be represented in order to draw the climbing branch
of the “V”).

[ Requirements Analysis ]
Program
[ Architectural Design }
[ Requirements Analysis ]
Staple remover
[ Architectural Design ]
Production Unit [ Requirements Analysis ]

[ Architectural Design ]

Req:-Analysis
Packaging sector -
Arch."Design

[ Req.-Analysis ]
(i Design )

Steel sector

time

v

Figure 23. Temporal planning of the program

This temporal planning shows the high concurrency of engineering
activities.
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The following examples of information with real values concern the
optimization of the profile of the packaging.

- Monochromatic mode| TS 1 I .
- 10 components max Staple-remover :
- Usual Raws 3
- Dimensions 10*5*5 mm maxi _|

Costs repartition between PR A o Sy, Sy O S P S ]

Raws & Process
& Product Spring to maintain Cloged position Final product
- Re-use maunf. Sectors TS 2 ‘qimensions anxd° angle intai definition

Plastic and steel Manuf. cells :
Production Unit

- Re-use packaging machine
- Shared resources pu

&

Choice : Traditional
packaging

Expedition sector

' y Normalized Packaging OK Final production unit
system i Engineering of the Packaging solution time

......................... " system >

»

input

= Boxes signification: Requirement analysis iteration
Architectural design iteration
output

_ Coloured information flow
leading to the packaging optimization

Figure 24. [llustration of the second level of link (Optimization
of the packaging)

To enhance the legibility of this diagram, see only the colored information
flow, which represents the propagations of constraints leading to the packaging
optimization. This illustration shows how small a piece of steel has been
defined in order to maintain the staple remover in a closed position. It allows
the use of a standardized packaging. The iterative process can be observed. It is
also approximately temporally described, through boxes iterations.

To complete theses illustrations, Figure 25 represents an example of the
manufacturing system design result, as an illustration of the third level of link.

Fixation Rivet
»( Metallic U-Tooth }—

Spring

- Plastic Plastic Grip Sub-assembly Upper Part Assembl
Sector Sector H Sector Staple Remover
Plastic Grip Lower Part

Metal Sector Metallic L-Tooth

Fixation Rivet

Figure 25. Illustration of the third level of link

Pivot Rivet

I
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3.4 Discussion and perspectives

This theoretical contribution leads to the definition of the eASE
framework, used in the next chapters for evaluation, control, deployment and
application activities. The eASE theory implies to describe and manage
numerous links, through many point of view. The illustrations provided in this
chapter are not enough representative, because reality is much more complex.
Despite this simplification, pictures are still difficult to clear up. This explain the
importance of the instrumentation problematic, detailed in chapter 6.

The necessity of information systems to support these engineering
coordination principles is therefore obvious. Furthermore, the theoretical
principles could be refined through formalization constraints.

Thus, while chapter 4 and chapter 5 deal with practical contribution,
chapter 6 deals with a prolongation of the theoretical contributions toward their
software instrumentation.
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The purpose of this chapter is to provide methods and tools to assess and
then determine where the actual development practices have to be improved.

This chapter presents two kinds of evaluation and control. It begins with a
maturity assessment carried out in a working group that has enabled an
important information acquisition regarding real practices and the relevant
configuration of further local practices improvements. Then, the improvement
made on process models is explained. The scope is the area of expertise
contributing to the manufacturing systems engineering.

Two kinds of evaluation were done:

- Based on interviews, combined to information acquisition (also when
there is no relevant process model to assess). This will allow the
improvement of local practices, resulting from concrete enhancements
of the identified weaknesses.

- Based on process models, as soon as they are described. This will allow
the improvement of local practices, resulting from structured
enhancements of the related process models.
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4.1 Interview-based assessment approach

4.1.1 Objective and scope

Reminder: Senior managers in the manufacturing systems domain have
judged in 2001 that the existing ASE framework was insufficient to enable
manufacturing systems engineering. An action was decided, regarding the
improvement of the ASE framework of the company, in order to take into
account the specific aspects of the manufacturing systems in the 16 areas of
expertise listed in Table 14.

List of interviewed areas in the manufacturing domain
(alphabetical order)

| Assembly process engineering

| Automation engineering

| Vehicle axle manufacturing systems engineering

| Body process engineering

| Engine and gearbox manufacturing systems engineering

| Industrial strategy for assembly process

| Industrial strategy for manufacturing systems engineering

| Metal assembly and soldering engineering

| Painting process engineering

| Production software architecting and implementation

| Production systems acquisition

| Prototype building

| Resource (compressed air and power) supplying engineering

| Supply acquisition

| Supplying flows engineering

| Vehicle geometric conformation process

Table 14. Interviewed areas of expertise

The area “Industrial strategy for manufacturing systems engineering” can
be considered as a sub-area of “Industrial strategy”, and only one area of
expertise was missing (“Forge and foundry systems”). This implies a study
about 93% theoretically representative (incomplete information about practices
of the areas were acquired).
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That was the best possible opportunity to also assess the areas of expertise,
in order to explain eASE to manufacturing systems engineering experts and
configure further eASE deployment.

4.1.2 Process

A working group has been assembled under my chairmanship and
control. This was a 9 months study that required one coordinator to manage the
10 members of the working group and implying 25 experts. The first orientation
of the working group was to increase the cover of our investigation, in order to
get a company-wide agreement. It was decided to implicate specialists from
each area of expertise in the manufacturing systems engineering. We decided to
carry out interviews, where:

- the first objective was to get the complete map of existing deliverables
and activities for each area, in order to add a generalization of quoted
practices to our eASE framework,

- the second objective was to assess each area.

Our scope concerned here only the areas of expertise belonging to the
manufacturing systems domain, but we had also to be able to perform SE
improvement in automotive product domain. A third objective was therefore to
test our process for further deployments in automotive product domain,
considering the fact that we will focus only on the second objective (the
assessment) because we would not expect to achieve the first objective (the
complete map of deliverables and activities is already done for vehicle
engineering domain).

Thus, our objective was to determine and then reduce the gap between
existing practices and an eASE target, as soon as this improvement could solve a
concrete issue faced by the area. Our assessment process follows the 6 phases
proposed by [Sheard S.A., Lykins H. et al., 2000], and we have introduced a
phase 1bis, to adapt the selected reference to our field of investigation, see Table
15:

| Phase 1: | Select Model.

| Phase 1bis: | Tailoring, adaptation to the manufacturing system domain.
| Phase 2: | Evaluation.

| Phase 3: | Determine where to improve.

| Phase 4 and 5: | Obtain funding and make improvements (see next section for details).
| Phase 6: | Repeat.

Table 15. Interview-based assessment process
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4.1.3 Model Selection

In Phase 1 we have selected the staged reference of Systems Engineering
Capability and Maturity Models™ [CMMI, 2000] that provided the most
relevant model of assessment. Based on the Capability and Maturity Models,
and precisely the Micro Assessment Kit of SECAT LCCO [SECAT LLC, 1998],
we have created and submitted a template of questionnaire to the working
group. We took the Kit [SECAT LLC, 1998] as the operational result that covers
the Process Areas of the CMM (the Systems Engineering practices), as described
in [Cusick K. and Bruce J., 1999], which provides a mapping between the three
parts of the Kit [SECAT LLC, 1998], the Process Areas and the CMM’s maturity
levels (see for more details Table 9. Top level traceability between CMM and
SECAT LCC Pocket Guides, page 59).

4.1.4 Tailoring: our questionnaire

In Phase 1bis, we also had to adapt initial questions to the specific aspects
of the manufacturing culture. The activities are provided be SE standards as
[EIA632, 1998] or [ISO15288, 2000].

Our questionnaire is divided into two parts. Each part aims to get specific
information of how the area of expertise works. For a better understanding of
the various descriptions about the questionnaire, please see the version
enclosed in the Appendix (in French).

Part one is composed of four open questions, which purpose is to define
the objective, the interlocutors, the scope of the area of expertise and its actual
description of the links between automotive products and manufacturing
systems engineering. Part one does not directly contribute to the assessment of
the area and provides only a basic information in order to identify its
hierarchical systems structures and the links between systems and between
activities performed for these systems.

Part two is composed of eight domains that cover the three parts of the Kit
[SECAT LLC, 1998]. These domains also cover the four types of SE processes
(as seen in Figure 10. Processes for Engineering a System, page 49). Grouping of
questions by domain was done in order to decrease the number of questions
and simplify the interview. At the beginning of each domain, we ask for the
specific scope of and the references used by the area of expertise. Table 16
shows the relationship between the eight domains of our questionnaire and the
SE processes. For a better understanding of the French Appendix, this table also
describes some examples of questions subjects.
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Domain

Related eASE processes

Subjects of questions
(examples)

Project Management

Planning Process
Control Process
Risk Management Process

Quality, Cost and Time,
Human resource, Activity
integration,
Responsibilities, Risks,
Management

Relation with suppliers

Acquisition Process
Supply Process

Suppliers selection,
Make or buy tasks,
Problem solving process

Needs definition

Stakeholder Needs Definition
Process
Verification and Validation Process

Capture, exhaustiveness,
synthesis, verification,
documentation and evolution of
needs

Requirement Analysis

Requirement Analysis Process
Verification and Validation Process

Coherence, feasibility,
traceability, tools support,
documentation and technical
reviews regarding requirement

Design

Architectural Design Process
Evaluation Process

Optimization Process

Verification and Validation Process

Requirement satisfaction,
selection criteria modeling and
simulation, documentation and
technical reviews regarding
solutions

Integration and
validation

Integration Process

Transition Process

Implementation Process
Verification and Validation Process

Planning, methods support,
tools support, documentation,
evolutions regarding
verifications

Technical management

Configuration Management
Process
Risk Management Process

Documentation, up-dates, risks,
problems, quality objectives and
tools support

Area management

Enterprise Processes
Decision Making Process

Knowledge sharing and
capitalization, decisions,
benchmarking and technological
survey

Table 16. Survey of the domains of the questionnaire

Thus, each domain of our questionnaire consists of five or six questions,
which are focused on the activity to be explored. Two questions on maturity
and success conclude the questions of each domain. Considering the fact that
we interviewed experts of areas, 18 % of the questions in the Guides of [SECAT
LLC, 1998] were not used in our questionnaire, which is mainly the part
regarding the third level of maturity (or over) that concerns the role of the
organizational leader.
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Figure 26 presents the mapping between the Guides [SECAT LLC, 1998]
and our questionnaire.

= )

75% -
50% - —

25% A —

0%

Project
management
Relation with
suppliers
Needs
definition
Requirements
analysis
Design
Integration
and
Validation
Technical
management
Area
management
"Maturity and
Success"”
Not used

OProgram Manager M Systems Engineer M Organizational Leader

Figure 26. Utilization of the three parts of the SECATO Kit

As seen in the State of the Art, items of the three Guides are related to
CMM maturity levels through Table 9. This explains why we are able to justify
the traceability between our own questions and the maturity levels.

Figure 27 describes the distribution of maturity levels for each domain of
our questionnaire.
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Figure 27. Link with CMM's maturity level

The questions:
For each activity, we asked how it was performed. We noted a
formalization level for each activity, as described in Table 17:
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I Points I When...

| 0 |the activity is not performed.

| 1 |the activity is done informally.

| 2 | the activity is done or informally (usually) or formally (occasionally).
| 3 |the activity is done formally (usually).

| 4 |the activity is completely integrated in the repository of the area.

I

| the activity is excluded from the boundary of the area (not taken into account).

Table 17. Formalization level

The more the activity is formalized, the more we have to identify the

associated deliverable, or template, or tool.

not done

not concerne

Speqflc
deliverable

done infor

donejand formalized

done & capitalized
for each system

. c. Thearead expertise determineswhat method

“ltems for Quallﬁcatlon L( i.e demondraion, analyss teg, ingoection,) isgoing

(standardized for the arg

to beusad to verify each requirement.

Figure 28. Example of question

Figure 28 shows an example of question, see Appendix for more details.

4.1.5

Results

Determine which area could improve: global assessment results.

Figure 8 presents the average of our results for the sixteen areas
interviewed.

Formalization level

O

1 2 3

4 5 6 7 8 9 10 11 12 13 14 15 16 X
Areas (numbered from 1 to 16, x is a fictitious reference)

Figure 29. Global assessment results
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The size of the spheres shows the relevance of the evaluation. This size is
related to the effective number of answers we get through the interview. A
fictitious area x is shown as reference: the best result and the more relevant
evaluation. We can conclude that the interviewed area has already a good
formalization level. It shows that the local engineering improvement actions
could often concern deliverables, because many of them already exist.

These global results allow us to identify the weaknesses in terms of
engineering practices. We are now able to determine priorities for engineering
improvement considering the 16 areas of expertise. These priorities would be
determined considering concrete issues faced by a given area.

Determine where the area has to improve: methodological roadmaps.

Questionnaires are now used to build methodological roadmaps for each

area of expertise, as shown in figure 9, for an anonymous area.
4

1 0005%6

15 4

1 4

Formalization level
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Figure 30. Example of more accurate results for one area

These local results allow us to identify the activities that could be
improved. The ultimate eASE targets would be the fourth level of formalization,
reached for all the eASE activities of an area in each domain. This very long
time objective can be reached defining several intermediate steps, thanks to the
building and the interpretation of the theoretical roadmaps.

In this example, the area of expertise could have chosen to improve the
efficiency of its requirement analysis practices. It is precisely the case of study
that will be detailed in the next Chapter.
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4.1.6 Discussion on assessment

PSA Peugeot Citroén is now able to count upon our questionnaire and the
CMM™ levels. These actions on eASE evaluation and control have to be
generalized to any field concerned by practices improvement, as soon as the
evaluation is made in relation with an external reference.

The relevance of the choices (e.g., of [CMMI, 2000]) was confirmed by the
parallel progress in terms of SE deployment in automotive product domain: a
translation of [SECAT LLC, 1998] has been ordered and is now available in
order to perform the assessment approach in the entire research and
development branch, not started yet. Therefore, the interview based approach
can be considered as a first validation of the relevance of practices improvement
through Systems Engineering CMM™ for the entire company. This work also
ensures that manufacturing systems domain specificities can be taken into
account. Basic information is now available to justify that the interviewed areas
of expertise are able to prepare efficiency improvements in the field of
engineering.
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4.2 Process Model-based approach

4.2.1 Process modeling and process improvement

Beside the question of process modeling, treated earlier, process models
allow another type of evaluation. Only few of the 16 areas have already
described the sequence of their own engineering tasks according explicitly to SE
standards. As soon as this work has been performed, a more accurate
assessment could be provided, including for instance temporal views and
resources views. Logical sequences of technical tasks are described and then
checked according to eASE (see for instance Figure 20, which describes a
fictitious SE technical process) A process improvement can be reached,
increasing the accordance of these descriptions to the eASE methodology. This
work has been done for three areas of expertise of the manufacturing domain,
regarding the industrialization tasks of twelve different systems (automotive
products): vehicle axle, engine and gearbox manufacturing engineering areas
and the area working on forge and foundry systems engineering (which was
not interviewed).

These descriptions include and dissociate the tasks regarding the study
and development of related manufacturing systems. I have taken part in the
reviews of these process models, as ASE experts. It represents a 10 months
study and approximately 10% of my time spent. I have made remarks leading
to an increasing accordance of the descriptions to the eASE methodology. The
improvement of engineering efficiency was not observed, because the profits
for the area of expertise were measured in terms of engineering management.
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4.2.2 Discussion on process modeling

These descriptions can only be considered as targets to reach. It is a
prescriptive modeling rather than a descriptive modeling. That means that a
given process improvement on prescriptive descriptions will not be directly
effective in real practices. Despite this drawback, such models can be improved
with structured methods, as done by T. R. Browning with the application of the
Design Structured Matrix applied to Process Modeling [Browning T. R., 2002].
Furthermore, such structured methods allow integration [Browning T. R., 2002].
Models of logical sequence of SE tasks regarding the engineering of given
systems in a hierarchical system structure can be integrated, leading to
complete models regarding the engineering of the complete system. Regarding
my theoretical advances, integration between product views and
manufacturing system views would be helpful.
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Chapter 5. eASE Deployment and Application

The purpose of this chapter is to provide methods and tools to support
improvement of development practices.

First, the scope of the improvement actions is detailed. Then, the generic
improvement process is presented. It is next applied to a representative case of
study in the field of requirement analysis. This case allows to conclude
empirically on the potential profits made with SE application in terms of
engineering efficiency improvement.
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5.1 Scope

The eASE Deployment and Application mainly concern (for the moment)
just a part of the methods: eASE applied to manufacturing systems engineering.
Further work will be more focused on the engineering coordination with eASE.
Furthermore, the eASE Deployment and Application cases do not concern all of
the 16 areas. Many cases of study were done with many areas, and it’s not
possible to detail here all these work, which are actually various in terms of
scope and action.

My quotidian activity was to advice engineers and technicians of the
manufacturing engineering domain, asking to me for methodological support.
Sometimes my answers are limited, as for instance SE presentation or training,
SE handbook promotion, restricted meetings, ... and sometimes the issue
identified by the area requires a bigger attention, leading to an improvement
project to realize.

The birth of a complete improvement project using eASE is also a question
of maturity level of the areas, and their own ability to admit the potential profit
of using eASE to solve a given issue.
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5.2 Generic process for local practices improvement

In case of real project to set up in order to provide a methodological
improvement, the process is the following;:

The eASE deployment and application process is always dedicated to the
specific practices of a given area. It's a “operational-centered” process, which
means that eASE is not imposed, but brings solution to existing issue. The
sequence of tasks detailed in Table 18 is performed:

| Task 1: | Case analysis, that consists in a stakeholder’s needs analysis.

| Task 2: | First action proposal, in terms of methodological materials and processes.

| Task 3: | Working group consultations and reviews, to define the most profitable action.

| Task 4: | Deployment’s preparative work, to adapt methodological materials and processes.

| Task 5: | Assistance for first application, help given to specialists.

| Task 6: | Evolutions by feedbacks from application.
| Task 7: | Repeat.

Table 18. Practices improvement process

This generic process is then adapted for each local improvement’s project,
regarding objectives, scope, resources, time, costs, ...

The aim is to render operational teams as autonomous as possible,
through appropriation of systems engineering practices.
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5.3 A representative case of study

One of the most representative case of study has been selected here among
the practical contributions.

Task 1: Case analysis

The considered area is in charge of the engineering of manufacturing
workshop for the engine and the gearboxes. The objective is to improve the
requirements analysis tasks of the complete workshop.

Task 2: First action proposal

As a first action proposal, a new generic template and guidelines for the
requirements document is provided, also called the Technical Specification (TS)
of a system. This generic material was build during a previous project
regarding the improvement of the eASE handbook. This work was done
through the adaptation of the template already available for the products,
soliciting a validation working group to review and improve my first draft up
to an operational result, based on the experience of its members. The validation
process was a first opportunity to explain eASE applied to manufacturing
systems, and acquire valuable information about the specific aspects of the
manufacturing systems in each area of expertise.

Task 3: Action decided

This first TS template was of course insufficient, and it has to be closer to
the specific practices of the considered area.

After meetings, we decided with experts of the area to provide a new
intermediate specific template. Thus, the deployment’s preparative work was to
build a specific TS template and guidelines, as describes in Figure 31:
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Task 4
(2nd part)

Items New TS reference
specific for the
considered area

| Engine
Task 4 Factory |for new TS &=

(1st part) TS reference

«FEarcl?(;?e \d Items for Task 5
TS »y == other eASE
X documents Gearbox
R Factory
Items of = New TS
existing /\\)\ technical
TS document | ==’ Useless context
\ / items

s

Figure 31. Action performed

This illustration introduces:
the two part of Task 4: a sort of the items of a TS reference and the

building of a new specific TS reference;
the Task 5, which consists in the first application of the new reference.

Task 4: Preparative work
We took as reference the “TS” of an existing project regarding the

engineering of a new factory for a new type of engine. This document was one
of the best existing document, nearest to a eASE TS, and was selected because of
its similarities with the factory to be designed. After treatment, this “TS” was

not in conformity with the eASE methodology. The main characteristics of the

existing technical documentation are that requirements and design

architectures are not explicitly separated (it was done but not formally), and
that a partial hierarchical system structures of the manufacturing system exists.
Figure 32 presents the distribution of the 251 items of the existing
document in the eASE documents. 63 % of the items were valid, following eASE
principles. 12 % of the items were useless. The other items concerned other

documents.
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Distribution of the 251 items of the existing document in the eASE

@ Factory TS

[ Factory Design Doc.
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O Factory Development Plan
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O Product TS

W Contract

O Quality Documents
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Figure 32. Mapping between existing document and eASE

target

Considering that the engineering efforts made in a development team are
dependent on the number of items on which they have worked (the basic
hypothesis could be “1 item to write = 1 unit of resource consumption”), we can
assume the analysis presented in Figure 33. The items are here divided into
other kind of types: those to be reworked / or not, those regarding other teams
(product or contract), and those representing anticipated efforts or wasted
efforts.

Estimated new distribution of the engineering efforts
(number of items)

Wasted
efforts
regarding eASE
Concerns  12% Unchanged | @ Unchanged items
product or items
contract 32% @ Items to reformulate
3%
O Anticipated work
AmiCipI?tEd O Concerns product or
wor
contract
22% Items to
rework B Wasted efforts
31% regarding eASE

Figure 33. New distribution of the efforts
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One of the most significant result is that eASE application enables to
achieve an overall reduction of the engineering efforts. Figure 34 presents the
outcome, where extra efforts are represented by the items to be reformulated,
and minus efforts are represented by the other categories of items (anticipated
work, products or contracts, and wasted efforts), considering that the excepted
unmodified items will need a same effort.

Efforts to write the Factory Technical
Specification
(number of items)

Total engineering efforts
(number of items)

O Extra efforts

Minus B Minus efforts
efforts
Extra 28%

efforts
46%

Extra
efforts
2%

Figure 34. Resulting efforts

On the left, the “non evolution” of engineering effort required to write the
Technical Specification is depicted. On the right, the evolution of engineering
effort is depicted: the now 28 % of minus effort are the 12 % “wasted efforts
regarding SE” (direct profits), the now 72 % of extra efforts are the 22 % of
“anticipated work”. This leads to much engineering efforts but anticipated,
which is approximately the same as that without eASE. This result represents a
real improvement in terms of timing: TS validation might have occurred
sooner, with a higher TS quality.

Tasks 5, 6 and 7: Application

Based on this preparative deployment materials, and considering of
course the new technical context, I have assisted the concrete work of the
specialists of the area during the requirement engineering of the new gearboxes
factory.

A second review of the generic template has attempted to be closer to real-
world practices, through this application

Considering the concrete benefits obtained from this first application, they
have decided to continue the eASE deployment, and a similar assistance was
given in order to write the design document and the justifications documents of
the factory, following eASE methodology.
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5.4 Discussion

Benefits of such project are always acknowledged by operational teams. It
provides a more complete and a more targeted work, it increases the confidence
in terms of verification and validation processes and ensures the robustness of
the design processes. The risk of project failure has been concretely decreased.

Such initiatives are generalized to other domains and areas, as soon as an
improvement is needed. Furthermore, one of the major feedback is that the
teams are progressively autonomous on such subjects, thanks to the
“operational-centered” process defined here. Another relevant feedback is the
noticed improvement in terms of communication during the project, thanks to
the eASE application.
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The purpose of this chapter is to detail the issue of the theoretical
advances instrumentation. The related issue is to prepare the instrumentation of
eASE principles.

First, the modeling problematic is presented, as a first step of the
integrated method and tool approach. This approach has been designed during
a study made at the laboratory with Longueville B. (see [Lardeur E. and
Longueville B., 2003]). The purpose of this approach was to enable the
construction of an integrated framework combining recent advances in the
Systems Engineering domain and in the Knowledge Management domain.

Perspectives are introduced, opened by the realization of the first step of
this approach. Then, the actions in terms of need expression are detailed. To
conclude, an overview of the potential contribution of the existing tools
available at PSA Peugeot Citroén is given.
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6.1 An integrated methods and tools approach

Nowadays, the technological evolutions in the field of information
systems supporting engineering approaches induce an “integrated methods
and tools” approach, in order to take advantages from software solutions.

Engineering information has now to be considered as data to manage
electronically: analyzed, treated, shared, accessed, archived, updated, deleted...
Data are not restricted to results of engineering tasks (as parts lists, mechanic
outlines, ...) but also concern new types of system descriptions (as
requirements, functional models, physical architectures, design justifications,
decisions, ...). Actual tools do not support any overall engineering approach.
Furthermore, the information is not only considered as critical results to
perform the engineering but also studied as knowledge to deal with. This leads
to numerous programs, and a resulting software complexity to handle.

This lead to the issue of relevance between theory and its software
instrumentation, solved through the integrated methods and tools approach
described Figure 35.

Iterative integrated \
Methods & Tools#®
approach ‘

Figure 35. Integrated methods and tools approach

This iterative integrated approach can be viewed as the progressive
gathering of methods and tools aspects.

To prepare eASE instrumentation, the first iteration of the approach has
been experienced. This step will be described in the following sections.
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6.2 Modeling problematic

The results (i.e. the eASE framework) are composed of many theoretical
principles. On methods aspects, these notions are only described through
figures, without any formalization constraints. This section tries to operate the
modeling problematic. It first focuses on the choice made of a modeling
approach that increases the relevance of the expression of my theoretical
principles and prepare the implementation. Then, the modeling of the
engineering items is detailed, such as systems, hierarchical structures, information
flows, links, ...

6.2.1 Choice of the modeling approach

The theoretical approach concerns complex items, and requires
functionally very precise descriptions. Thus, the choice of a modeling approach
supporting the Object Oriented Approach was natural. The differences between
STEP EXPRESS and UML (notably based on [Arnold F. and Podehl G., 1998])
have been studied, pointing out the following characteristics: easy to use,
legible, supporting dynamic aspects, including constraints expression
possibility. These points lead to choose the UML approach. Next, the selection
of a certain level of detail has been decided.

Thus, UML Class Diagrams are here only presented; They could describe
any type of system or relationship or professional specific aspect, in order to
emphasize the different choices made regarding the possible implementation of
the theoretical approach. Cardinalities and methods are rarely described, and
only the more relevant attributes are shown.

The first objective of UML modeling is to provide coherent and structured
models subject to unique interpretation. The second objective is to come up, for
any approach, with a specific and independent model that could be easily
interfaced with others.

Object Constraint Language™ (OCL) and tools for model verification were
used in order to reach such objectives. OCL is used to construct each model and
ensure the coherence of the different models. This language enables to integrate
in the models the constraints that cannot be explicitly represented by UML
Class Diagrams. The models are also tested with examples, e.g. generated
objects diagrams, using USE.2.0.1™ software (Bremen University) to design and
check the OCL constraints.
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6.2.2 Items to model

Models for systems

The system is the first item to model. Following the principles, systems are
described through tree views, called Hierarchical System Structures (HSSs). The
decomposition principle could leads me to choose the composite pattern of
[Gamma E., Helm R. et al., 1995], described in Figure 36. Association type must
be composition, in order to enable the construction of a tree structure. The
composite pattern only supports a fixed decomposition, because it leads to the
impossibility to decompose a given SystemLeaf. Thus, the model described in
the right part of Figure 36 has been built. It now enables a real elaboration
(dynamic extension) of the decomposition.

Decomposition pattern Model for System

1
| Systemleaf | | SystemComposite |-’-

[

Figure 36. System decomposition modeling

Based on this choice, the types of the systems must be modeled. The
modeling of this characteristic could leads me to the three following
alternatives, described in Figure 37.

i | Progustsysten |
Manufactuimg : FrodustSystem
é Tipe H System I-Q— System
0.7
Development Types . Sting q
MextType ManufSystem

Figure 37. Three alternatives for types of systems modeling

The type characteristic may be supported by a UML class, an attribute of
the class, or each type of system could be modeled separately. The two first
alternatives may require an OCL (Object Constraint Language) constraint,
which would be in this case: “context System inv : self.system->notEmpty implies
self.type=self.system.type”.

The first alternative seems to be the more interesting choice, because the
relationship between each type of system depends on the relationship between
their types, which could be described in a unique parameter, and constrain the
creation of the links. This point could also be expressed with the OCL (Object
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Constraint Language), regarding the type class. It can also be expressed through
the attribute type in a generic system class, represented in the second alternative.
The last alternative is selected, mainly in order to improve the clarity of next
descriptions, because they are based on the unique relationship between a
product and its associated manufacturing system.

Model for SystemLink
In the modeling context described above (i.e. the choice of the third
alternative), the SystemLink would be described as described in Figure 38.

o.r o.r
FroductSystern  foim—— ManufSystemn e
0.1 0.1

szociates aszociates
SwstemLink

-deliverable ; Strin

-relativedate : Date
-direction ;int

-reference :int

Figure 38. The SystemLink modeling

For this link, the theory has shown that four attributes were at least
required to support the principles: the deliverable is the awaited information or
product exchanged between the related systems, the relativedate would concern
a stake defined a priori, the direction has to be checked and the reference would
support status of the link and versions management. Other attributes may
appear from the implementation problematic, supporting software features,
which were not been considered here.

Models for ActivityLink

The modeling of ActivityLink could be done with a generic model of the
technical activities or considering each activity independently.

Generic alternative leads to the same models than constructed for
SystemLink. An activity class is introduce, which is described by the attributes
name, input and output. The basic theoretical principle is to join the activities
with the system they are performed for, as shown in Figure 39.
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inputs
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-direction :int associates 0.1
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Figure 39. The ActivityLink modeling

This model is not sufficient because the usual data exchanged between the
technical activities cannot be neglected: a UsualData class could be drawn as
done for ActivityLink. The primary difference between these two classes is the
relevance of contained date for the coordination problematic. During a project,
common data can be considered either as a ActivityLink, or as a Usualdata,
depending on what it describes.

There is no direction attribute for the ActivityLink class, because it is
described by attributes input and output. Contrary to what has been done for
SystemLink, the date is now described by the attribute asbolutedate: an
ActivityLink has to be defined with a concrete value. This aspect of the relation
between the two links will be detailed hereafter.

This model does not include the technical coordination tasks that control
the engineering, because of presentation choice about the activities for one
given system, and not those between systems.

This statement could leads to make a compromise between a generic view,
where all technical activities performed for a system are adapted from an
unique SE framework, and a specific view, which more easily takes into account
the specific aspects of each area of work.

Relationship between SystemLink and ActivityLink

The questions asked through the modeling problematic points out the
complexity of the relationship between SystemLink and ActivityLink.

At first sight, the nature of SystemLink and ActivityLink is very different.
This difference is justified in a static point of view, because they connect
different items: systems for SystemLink, and activity for ActivityLink.
Considering a dynamic (or even temporal) point of view, SystemLink may be
considered as the origin of ActivityLink, and conversely, a ActivityLink may be
identified between two technical tasks because of its relevance, and implicate
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the creation of a SystemLink between the two induced systems. Figure 40

describes two modeling alternatives:

SystemLink
yet FAutivitwLink

-deliverable : 5tind  ganerates 1.

-information : String|

Syzbeardind AuctivityLink

i

0.1
SpecificSystemLink

generates e
Figure 40. Models for links relationship

-relativedate : Date
-absolutedate : Datd

-direction : int

sreference tint

-reference :int

GanernicSystemLink

On the left, the model is based on the distinction of two “sub-types” of
SystemLink: a GenericSystemLink and a SpecificSystemLink is made. The specific
SystemLink would be generated by a generic SystemLink, and would be the
unique source of ActivityLink.

On the right, the model is based on the creation of ActivityLink from
SystemLink, or inversely to consolidate ActivityLink in SystemLink.

This alternative is illustrated by a short example in the object diagram

depicted in Figure 41:
generates y T
shape constraint : Activitylink
input autput
|carter specification : TechnicalActivity molding unit design : TechnicalActivi
|carter design : Technicalfctiviby| molding unit specification : Technicalﬁctivig,l

performed for input

output perarmed far
| qeametry @ ActivityLink
performed far performed for
generates
carter : FroductSystem y molding unit : ManufSystemn
azzociates Ty
Hecomposes decomposes
carter molding : Systemlink
geadrbox ; ProductSystem factony : ManufSystem

Figure 41. Object diagram for SystemLink and ActivityLink

The link between the carter of the gearbox and the molding unit of the
factory generates the exchange of the geometry of the carter and the shape
constraints due to the molding technology, as activity links.

The choice between the two alternatives introduced above depends on
tools aspects, and may only be done in further work.
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6.2.3 Discussing the modeling problematic

This first study brings real added value to the knowledge of the
methodological aspects. Issues are rising regarding information the have to be
carried out by the models. For instance, what kind of information should be
included to represent activities? Or how could be managed new systems types?

A decision and coordination models interfacing (see, [Lardeur E. and
Longueville B., 2003]) has been realized through the modeling approach.

The integrated methods and tools approach allow to gather my
prescriptive models and the descriptive models of [Longueville B., Stal Le
Cardinal J. et al., 2003] regarding knowledge-based models with decision
making process modeling.

Lessons learned from this study are the following: the modeling activities
can be realized separately, if based on the same modeling protocol. Modularity
and communication ability is improved thanks to UML use. Class diagrams
allow to understand in detail and without misinterpretation the theoretical
principles and their relations. Using the same language is the preliminary step
to better understand various professional specific aspects. Based on coherent
analysis, level of details and approaches in process modeling, UML appears as a
generic modeling language that support communication and model interfacing.

The research work identifies the need of generic modeling patterns in the
context of engineering. The purpose of such patterns is to support and
homogenize the modeling of engineering problem: dynamic decomposition into
hierarchical systems structures, process and information flows representation,
... In addition, the research work underlines the relevance of the OCL language
and its validation with appropriate tools to check constraints in object
diagrams. The model verification is an entire part of the modeling protocol.
Most of the modeling choices and the associated OCL constraints are justified
by verifications of the models alternative with object diagrams. Hence model
verification is confirmed as a fundamental step for model validation.

To conclude, the modeling problematic is restrictive and does not give all
the required answers to an implementation problematic. The industrial needs
are here restricted to a methodological need. Moreover, information levels of
detail have to be defined. These models were theoretically checked, but the lack
of real value must be solved.

Studying software aspects would help to refine the theory more deeply.
This theory is confronted with the concrete application of the new principles,
taken as constraints and rules to follow, through UML modeling.
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6.3 Supporting tools

6.3.1 Features required: toward a  Technical
Specification

The basic needs for a "system for coordinating engineering" are here
emphasized with the following list of expected features:

|1 | Global data entry easiness

|2 | Organization by project and systems

3 Modeling of hierarchical system structure (HSS) for the product and the
manufacturing system

|4 | Modeling of the links between systems of both HSSs
|5 | Modeling of SE processes

|6 | Simulation of SE processes

|7 | Modeling of technical information exchanged during concurrent engineering
|8 | Information flow management (e.g., triggered activity, ...)

|9 | Evolution management and configuration management

|10 | Legibility of displayed views

|11 | Information accessibility and sharing facility, including security aspects

|12 | Interfaces with other tools

Table 19. List of expected features

6.3.2 Analysis of existing software tools

Among the various SE software, some of them are available at PSA
Peugeot Citroén: Statemate™ from I-Logix, DOORS™, from Telelogic and
CORE™, from Vitech Corporation. They are omnipresent in the SE industrial
networks, as exhibitors during conferences, providing demonstrations and
courses. There is also the unmarketable Telemac©, developed in PSA initially to
support the requirement engineering of telematic systems, notably to manage
the technical information exchange with the suppliers.

The scope of Statemate™ in PSA Peugeot Citroén is dedicated to
requirement analysis and design of electronic systems, it was not relevant to
manage the links defined between automotive product and related
manufacturing systems engineering. The fact that Telemac has been designed to
satisfy specific needs for requirement analysis, further developments would
have been required in order to make its analysis relevant for my study.
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These tools were already chosen to support part of Automotive Systems
Engineering activities in the company. It was consequently an obvious choice to
focus primarily my tests on those software.

Furthermore, the selection process leading to the validation of a new tool
to be implemented in the company takes at least one year and implies the
information system branch of the society and financial resources that had to be
planned earlier. Thus, in software domain, the research rather focus on use
improvement of the two existing software rather than studying others.

Benchmark on other tools was consequently limited to gather unverified
information available from other tool suppliers during Systems Engineering
events, which will not be reported in this Thesis.

Finally, creating and developing new tools is not part of the company
policy. In terms of perspectives, the results on the modeling of the theoretical
principles would be restricted to be used for the elaboration of a prototype
only.

List of DOORS™ characteristics

| First use | Used to support requirement analysis.

Deployment method Deployed via a top-down approach.
Training internship available.
Specific implementation for each project.

Utilization From x in 1998 to y licenses today.
Chosen by z projects.
Scope Applied for requirement engineering at the vehicle level

only, especially in order to synthesize information for
project technical management.

| Link | Linked with MS Word™ documents.

Table 20. List of DOORS™ characteristics

List of CORE™ characteristics

First use Used mainly to support process descriptions (support of
product engineering rarely and locally) in area of expertise.

Deployment method | Deployed via a top-down approach.
Deployed experimentally.
Training internship available.

Utilization An average of n licenses from 1998 to 2003.
Chosen by n area of expertise.

Scope Applied for process modeling at the engine and gearbox
business unit, automotive product development teams and
manufacturing systems development teams.

| Link | Linked with MS Projet™.

Table 21. List of CORE™ characteristics

23/02/2004 — Final Version



Chapter 6. eASE Instrumentation - 107

Test procedure and results

The software were tested with the so-called “staple-remover” illustration
(cf. 3.3), according to the function they had to support (Cf. 6.3). Five types of
mark identify the relevance of the tool to perform a given function, as described
in Table 22. The results are described in Table 23.

Function... Not applicable | Inefficient Low Efficient Optimal
efficient
Symbol | N/A | - | - | + | ++ |
Comments The function is out of || Adaptation is Adaptationis | Tool is adapted || Tool is primarily
the scope of this tool required but required ad to this function | dedicated to this
impossible possible function

Table 22. Notations for the tool analysis

I | Functions | Tool | CORE™ | DOORS™
| 1 | Data entry | - |

|2 | Organization | - |

|3 | HSS" modeling | + | -
|4 | System Link modeling | ++ | -
|5 | Process modeling | ++ | N/A
|6 | Process simulation | ++ | N/A
|7 | Activity Link modeling I ++ I -
'8 | Data management | + | -
|9 | Configuration management | - | -
110 | Legibility | - | +
|11 | Accessibility I - I -
|12 | Interfacing | + | -

Table 23. Analysis of CORE™ and DOORS™

These results confirm the interest of CORE™ wversus DOORS™ for those
kind of use. Neither CORE™ nor DOORS™ are appropriate to support the
theoretical principles.

" Hierarchical Systems Structure
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Conclusions and Perspectives

The purpose of this chapter is to recapitulate the various contributions of
this Thesis.

It describes the answers brought to the research issues and the objectives
of the Thesis, opening to its perspectives.

The conclusions and perspectives of this Thesis are justified, notably
because the traceability between {items of the conclusions and the perspectives}
and {issues and objectives} has been done. Regarding the research orientation
(see Table 3, page 33), the final accomplishments are presented as described in
Table 24, page 113, in line with the issues and the objectives previously
identified (ordered here differently). The same presentation is done for the
perspectives of the Thesis, as described in Table 25, page 114.

The main accomplishments and perspectives of this Thesis can be
expressed according to five axis: Repository enrichment, instrumentation,
academic  contribution, performance assessment and performance
improvement.

Repository enrichment axis

The objective of extended Automotive Systems Engineering framework
definition has been fully achieved.

PSA Peugeot Citroén Automotive Systems Engineering framework has
been enriched. The scope of the Systems Engineering application has been
widen to manufacturing systems engineering, and consequently to coordination
of automotive products and related manufacturing systems engineering.
Furthermore, this extension has been checked with concretes operational
practices in the production domain, thanks to the surveys made with the
questionnaire.
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The perspective is to get concrete values, i.e. the hierarchical system
structures of the manufacturing systems, the identification and the management
of the links between automotive product and related manufacturing systems
engineering, in order to improve the potential outcomes of the Thesis.

These theoretical results have also been refined thanks to the realization of
the first step of the iterative integrated methods and tools approach developed
to solve the instrumentation problematic. This leads to the instrumentation axis.

Instrumentation axis

Regarding instrumentation aspects, the first step of a designed integrated
methods and tools approach has been done.

The term “preparation” has been defined. This allows to conclude that the
instrumentation preparation issue has been fully solved. The modeling
activities now ensure the robustness of the theoretical principles, leading to
their refinement and the expression of requirements to an information system.
The first step of the integrated methods and tools approach has been validated
through model verifications. While the objective was to prepare instrumentation,
the perspective could be to realize software implementation.

Thus the perspective in terms of instrumentation is mainly to be
considered at PSA Peugeot Citroén as an acknowledge stakeholder for needs
and constraints expression and then validation of future software tools in the
tield of engineering data support.

Academic contribution axis

Theoretical principles have been defined and experienced in order to
manage the engineering of automotive products and related manufacturing
systems. This leads to the justification of Systems Engineering (SE) profits for
vehicle and manufacturing systems engineering. The related issue is fully
solved, at least theoretically.

Moreover a positioning among the existing engineering approaches and
methods has been realized and the notion of methodological integration has
been improved according to SE. Because of the impossibility to cover 100% of
the existing theories in the field of engineering, the estimated rate of
accomplishment amounts only to 50 % (see Table 24).

The theoretical principles are not company specific, thus the main
perspective is that the results could be enlarged to other industry fields or
widen to a entire product life-cycle development.

As soon as the systems are developed by the company, the principles
defined in this Thesis allow the coordination of any concurrent engineering of a
given system and the systems in relation through any stage of its life-cycle. For
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instance, the principles may be applied to the concurrent development of
manufacturing systems and their maintenance systems. The theory may also be
applied in other field of industry, as soon as the systems to develop are
complex enough.

Another example may be the integration of any suppliers” development
process in the master engineering process of the company, and their
coordination.

Because of the justification made on the potential benefits of Systems
Engineering, the academic contribution of this Thesis could be promoted in
other engineering research communities. For instance, such results could be
submitted as paper to the American Society of Mechanical Engineers
conferences, because this research branch has not been covered yet.

Performance assessment axis

The selected approach deals with engineering efficiency assessment,
according to relative comparisons of engineering practices to standardized
practices. Because the assessment process is only based on “one quarter” of the
complete field of investigation that could have been covered, performance
assessment issue accomplishment rate amounts to 25%. This rate could have
been twice times less, but thanks to the generic principles provided here, the
process applied to manufacturing systems engineering could be transposed to
the engineering of any systems or engineering coordination.

Furthermore, the eASE Evaluation and Control process, i.e. the interview-
based approach and the process model-based approach, has been experienced
and validated in the field of manufacturing systems engineering, with practical
results.

The first perspective could be to investigate the other engineering
assessment fields, i.e. evaluation based on effectiveness or absolute measures. For
instance, this could lead to build dashboards about Systems Engineering
deliverables quality. Then, the eASE Evaluation and Control process could be
consequently improved.

Another interesting perspective could be the application of the eASE
Evaluation and Control process in the vehicle engineering field, in line with the
global objective of Systems Engineering profit maximization.

Regarding the process model-based improvement approach, a crucial
perspective is to support them with appropriate techniques, such as Design
Structure Matrix method for process modeling. This could be concretely done
through a research collaboration with Tyson Browning, because of his
noteworthy work in the domain and his INCOSE membership, simplifying the
professional exchanges.
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Performance improvement axis

The eASE local and progressive improvement process has been developed
and experienced on concretes cases of study. The objective is theoretically fully
achieved, but practically, improvements actions have to be generalized in every
areas of expertise, and not only those of the production domain. This represents
the main perspective in terms of performance improvement.

Methodological targets could now be identified, and progressive stages of
improvement have been detailed. This process ensures to keep a prospective
vision while acting for short terms practical results.

The main perspective, in line with Systems Engineering profit
maximization, could be to apply the eASE Deployment and Application process
in the vehicle engineering field, in order to generalize concrete improvement
actions, notably regarding vehicle engineering and engineering coordination.

Another perspective could be to determine frequently an adequate
methodological target, mainly because the industrial background could evolve.

PSA Peugeot Citroén development system perimeter could stretch out or
shrink, depending on economical trends, and the target in terms of engineering
activities will have to follow this evolution.

This consideration leads to a global perspective formulation.

The Systems Engineering application is required to ensure the relevance between
marketing objectives and the operational engineering tasks.

This is a long-term objective that implies a progressive transformation of

PSA Peugeot Citroén development system. Regarding the whole processes and
approaches defined here, one of the most important perspectives of this Thesis is the
prolongation of the eASE deployment for the entire research and development branch of
PSA Peugeot Citroén.

The theoretical principles defined in this Thesis are not company specific, thus the
results could be enlarged to other industry fields or widen to the entire

product life-cycle development.

Thus, other companies or research laboratory may be inspired by this work.

Who knows? Maybe yours...

23/02/2004 — Final Version



Conclusions and Perspectives - 113

Issues and Objectives (reminder)

| Accomplishments (and estimated rates)

To prepare instrumentation aspects. || The first step of a designed | .

In integrated methods and tools 80
approach has been done. o

To know how to realize | “One quarter” of the complete field
performance measurement in the | of investigation has been covered:

D engineering field. assessment of engineering |
efficiency according to relative | &
comparisons of engineering
practices to standardized practices.

To manage vehicle and | Theoretical principles have been
manufacturing systems engineering | defined and experienced, leading to

[3 | complexity. the justification of Systems | S

. . . . S
Engineering (SE) profits for vehicle | =2
and manufacturing systems
engineering.
To define the most efficient | A positioning has been realized and
14 engineering  approach, notably |the notion of methodological %;
among the numerous existing |integration has been improved |
methods and approaches. according to SE.
To take into account the |Surveys have been realized, based
heterogeneity and the specificities | on integrated models (software, |

I5 | of the areas of expertise. systems, products), in line Systems 80
Engineering, and experienced for 16 2
areas of expertise.

To develop an extended | The extended ASE framework
Ola framework, that fully details the | (eASE) has been developed and
application of ASE to the |theoretically checked.
production domain. =
To develop an extended §
framework, that describes the °
O1b | engineering coordination of
automotive products and related
manufacturing systems.
To provide an engineering design | Regarding Manufacturing Systems
Opa | PTOCess in order to enhance the |engineering: the eASE Evaluation | 13
a | . )
improvement of the current |and Control process has been | &
engineering practices... developed and validated.
. whatever their initial level of |Regarding Manufacturing Systems
performance could be. engineering: the eASE local and | 5
02b progressive improvement process | 3
has been developed.
To get short term practical results | Regarding Manufacturing Systems
while keeping a 10-15 years |engineering: the methodological |
O3 || prospective vision. target has been identified. The %

definition of progressive stages of
improvement has been detailed.

Table 24. Accomplishments
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Issues and Objectives (reminder)

Perspectives

n To prepare instrumentation aspects | To be acknowledged as a real stakeholder contributing

to software implementation.

12 To know how to realize | To investigate the other engineering assessment fields,
performance measurement in the |ie. evaluation based on effectiveness or absolute
engineering field. measures.

For instance, building of dashboards about Systems
Engineering deliverables quality.

I3 To manage vehicle and | The theoretical principles are not company specific,
manufacturing systems | thus the results could be enlarged to other industry
engineering complexity. fields or widen to a entire product life-cycle

development.

For instance:

- coordination of any end product related to any
enabling product engineering, as soon as the enabling
product is developed by the company,

- integration and coordination of any suppliers’
development process.

14 To define the most efficient | To promote the description of SE and the justification
engineering approach, notably |of its benefits in other engineering research
among the numerous existing | communities.
methods and approaches. For instance, submit an academic paper to the

American  Society of Mechanical Engineers
conferences.

I5 To take into account the |To confirm the transposition ability to other industry
heterogeneity and the specificities | fields, in line with the extra extension suggested for the
of the areas of expertise. engineering complexity management issue (I3).

Ola |To  develop an  extended | To perform eASE instrumentation, as suggested for the
framework, that fully details the |instrumentation preparation issue (14).
application of ASE to the |To get concrete values, i.e. the identification and the
production domain. management of the links between automotive product

Olb [To  develop an _ extended | and related manufacturing systems engineering.
framework, that describes the
engineering coordination of
automotive products and related
manufacturing systems.

O2a | To provide an engineering design | To improve the eASE Evaluation and Control process
process in order to enhance the |with an investigation in the other engineering
improvement of the current |assessment fields suggested for the performance
engineering practices... measurement issue (I2).

O02b | whatever their initial level of | 10 apply the eASE Evaluation and Control process in
performance could be. the vehicle engineering ﬁeld. .

To support with appropriate techniques the process
model-based improvement approach.

O3 || To get short term practical results | To generalize concrete improvement actions, notably

while keeping a
prospective vision.

10-15 years

regarding vehicle engineering and engineering
coordination.

To determine frequently how could evolve the
methodological target.

Table 25. Perspectives
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Résumé détaillé en francais

Amélioration de la performance de I'ingénierie dans un
contexte d'Ingénierie Systéme
Cas du développement conjoint des produits
automobiles et de leurs systémes de fabrication

Le premier objectif de ce résumé détaillé en francais est de fournir au
lecteur non anglophone une description complete du contenu du mémoire. Un
objectif secondaire est de proposer un guide de lecture grace a l'indexation de
son contenu (les pages sont indiquées, et accessibles par I'intermédiaire de liens
hypertextes sur la version informatique).

Cette these a été réalisée de novembre 2000 a octobre 2003 au sein du
groupe PSA Peugeot Citroén, dans le service responsable de la définition, de la
communication et de l’ajustement des plannings de développement des
nouveaux véhicules, et plus particulierement dans I’entité chargée de définir et
de déployer la démarche d’Ingénierie Systeme Automobile.

Plan

Ce mémoire de these est organisé de la maniere suivante : 1'introduction
présente succinctement le contexte (Challenges and lacks in the engineering field,
page 14), la problématique et les principaux objectifs de I'étude (Research question
and objectives, page 15) ainsi que la structuration du mémoire (Outline of the
Thesis, page 17) ; le chapitre 1 (Industrial challenges and research issues, page 19)
détaille les différents enjeux industriels, le périmetre concerné par la these et les
questions de recherche déduites. Les contributions sont précisées par le plan
d’action ; le chapitre 2 (State of the art, page 35) présente 1'état de 1’art, en réponse
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[3] Ali M., "Production System Design Methodology with Emphasis on Sub-system and Equipment
Design”, M.Sc. Thesis of the Department of Mechanical Engineering, 1997, Massachusetts
Institute of Technology, Cambridge, MA (USA).

[4] Arcidiacono G., "Axiomatic Design for Reliability” in ATA, 2000, Vol. 53-7/8, p. 309-315.

[5] Arnold F. and Podehl G., "Best of Both Worlds - A mapping from EXPRESS-G to UML",
1998, University of Kaiserslautern, Germany, Kaiserslautern.
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[7] Auzet C. and Lardeur E. "Guide complémentaire a la démarche d’Ingénierie Systeme
Automobile - Développement des systemes de production associés aux systémes produits
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Citroén, confidential documentation.

[8] Bacha R., "De la gestion des données techniques pur l'ingénierie de production”, Ph.D. Thesis
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[9] Banares-Alcantara R., "Concurrent Process Engineering: State of the Art and Outstanding
Research Issues” in Working paper for TWG4, 2000, p. 18.
aux questions de recherche: les modéles et approches d’ingénierie sont
présentés pour leur contribution a la méthodologie d’Ingénierie Systeme, qui
est ensuite explicitée, enfin la thématique d’évaluation de performance des
activités de développement est traitée ; le chapitre 3 (Automotive SE extension:
eASE, page 63) montre 'extension apportée a 1'Ingénierie Systeme Automobile
et notamment la construction du cadre de conception conjointe des produits et
des systémes de production, ce sont les résultats théoriques regroupés et
désignés par 'acronyme eASE pour extended Automotive Systems Engineering; le
chapitre 4 (eASE Evaluation and Control, page 77) présente la méthode outillée
d’évaluation mise a disposition des équipes de développement de systémes de
fabrication de PSA Peugeot Citroén pour identifier leurs marges de progres. La
méthode outillée permet d’appliquer de maniere adaptée I'Ingénierie Systeme
afin d’améliorer la performance des activités de développement ; le chapitre 5
(eASE Deployment and Application, page 89) montre le cas d’application pratique
le plus significatif réalisé afin d’améliorer concretement l'efficience d'un
processus d’ingénierie ; pour finir, le chapitre 6 (eASE Instrumentation, page 97)
introduit la perspective d’instrumentation des résultats théoriques. En
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conclusion, un bilan des travaux et dressé et les perspectives de recherche sont
introduites.

Introduction

Le contexte de cette étude est marqué par la nécessité pour les entreprises
d’améliorer la performance de leurs processus de développement, qui
correspond a l'intégration de différents métiers” représentant des disciplines
distinctes contribuant a un objectif d’entreprise. Dans ce contexte, la
problématique générale a laquelle la thése répond est la suivante :

Comment faire évoluer les métiers, a partir de leurs pratiques actuelles optimisées
localement, vers une cible méthodologique répondant a un optimum global ?

Pour répondre a cette problématique, la cible méthodologique développée

par PSA Peugeot Citroén est I'Ingénierie Systeme Automobile.

15 21 N . .
un “métier” correspond a une composante de l’organisation en

recherche et développement, qui contribue par son expertise a I'ingénierie d'un
systeme technique (produit automobile comme systeme manufacturier).
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Les objectifs ont été d’étendre la méthodologie d’Ingénierie Systéme
Automobile au domaine des systémes de production et d’étudier son utilisation
pour 1'amélioration de 1’efficience des processus d’ingénierie. La contribution
ne se restreint donc pas a l'ingénierie des systemes de production, et porte en
quelque sorte sur la maximisation du profit lié a l'utilisation de 1'Ingénierie
Systeme pour le développement de produits automobiles et des systemes de
fabrication associés.

Enjeux industriels et questions de recherche

Trois constats corroborent l'intérét de la these : 1'étude du rapport Chaos
[Standish Group, 1994] montre de maniere empirique l'importance des
approches d’ingénierie dans la réussite des projets de développement (page 20) ;
I'analyse proposée par [Bellut S., 1990] confirme l'intérét d’optimiser
prioritairement l'ingénierie en comparant 1'impact économique des décisions
prisent en phase d’ingénierie et en phase de production (page 22) ; le constat
réalisé par PSA Peugeot Citroén a propos des délais de développement des
véhicules des différents constructeurs mondiaux [PSA, 1998] permet de
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conclure sur la prévalence des approches d’ingénierie pour garantir la réussite
des projets, car elles relient les objectifs stratégiques aux pratiques réelles des
équipes de développement (page 23).

PSA Peugeot Citroén a pour objectif de réaliser 1'ingénierie d’un nouveau
véhicule (dans des conditions spécifiques) en deux ans. La démarche
d’'Ingénierie Systéeme Automobile a donc été définie pour assurer la cohérence
entre les pratiques d’ingénierie contribuant a cet objectif.

Les enjeux industriels sont triples: sur le plan technique, la complexité
croissante des véhicules (notamment dans le domaine électronique) mais aussi
des systemes industriels qui les produisent et la complexité résultante de leur
ingénierie ; sur le plan méthodologique, la profusion des méthodes censées
supporter une approche d’ingénierie optimale; sur un plan plus humain,
I'évolution des pratiques traditionnelles vers lIngénierie Systéeme qui
représente une nouvelle maniere d’agir (page 25) .

La thése correspond donc a 1’étude d’une transformation des pratiques de
développement. Le périmetre couvre l'ingénierie des systemes automobiles et
celle des systemes qui les fabriquent. Il s’agit de concevoir et mettre en ceuvre
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une approche d’ingénierie générique car elle couvre I'ensemble du cycle de vie

du produit, et spécifique car elle concerne l'optimum précis de l'ingénierie

conjointe du produit et ses process, interne au groupe PSA Peugeot Citroén.

L’orientation de recherche est détaillée dans le tableau page suivante. Il

traduit celui de la page 33, qui met en correspondance les objectifs et les

questions de recherche (codés O et I) avec les éléments de l'état de 'art et les

différentes contributions apportées a travers le plan d’action.
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Tableau 1: Un plan de lecture pour le mémoire
| Objectifs et questions de recherche | Eléments de la Thése |
Définir l'approche |La sélection et la description
7 d’ingénierie la plus efﬁaente, dun jeu .de fnodeles,.po.ur leur §2.1, page 36 5
notamment parmi les || contribution a mon objectif. . %
nombreux modeles existants. T3
-
Gérer la complexité de |La description de l'Ingénierie & g
I3 | I'ingénierie du véhicule et ses | Systeme et la justification des ses | §2.2, page 47 = 5
systémes de fabrication. avantages. = og
Savoir  comment réaliser |La sélection et la description %*CE{
I'évaluation de la performance | d’approche d’évaluation. e =
Zllgans le  domaine de §2.3, page 54 ®
I'ingénierie.
Etendre  l'application  de |La construction de la premiere SN
I'Ingénierie Systeme || partie de la démarche étendue | Chapter 3, o=y
Ola . . . N o =
Automobile au domaine des |d’Ingénierie Systeme || page 63 =3}
systémes de production. Automobile (eASE). <
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Le plan d’action (voir la Figure 7, page 34) consiste a mettre en évidence les
problématiques d’extension et de régulation sur la situation initiale, décrite par
une boucle fermée non asservie, comportant les trois étapes clés qui sont la
Définition, le Déploiement, et 1'Application de 1'Ingénierie Systeme
Automobile. Il s’agit d’étendre la démarche existante pour son application aux
systémes de production, et de réguler son déploiement pour optimiser la boucle
citée, impliquant une nouvelle étape clé d’évaluation et de controdle.

Etat de l'art

L’état de l'art (page 35) présente les différentes approches et méthodes
d’ingénierie, notamment celles que 1'on qualifie de prescriptives. Le Concurrent
Engineering (page 41) et le Design for X (page 43) sont détaillés, en raison du role
qu’ils ont joué dans la construction du cadre de conception conjointe des
produits et des systémes de production en Ingénierie Systéme. D’autres
approches et méthodes sont introduites (page 45), a titre d’exemples de modéles
potentiellement contributeurs pour la mise en ceuvre de 1'Ingénierie Systeme,
permettant de construire mon positionnement méthodologique (page 61, et voir
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la Table 4, page 51). L'Ingénierie Systéme (page 47) est ensuite décrite. Enfin, les
méthodes d’évaluation des pratiques de développement sont introduites (page
54), et notamment les modéles de maturités (page 56) et leur utilisation pour
construire la démarche outillée. Le cadre choisi est I'évaluation de 1’efficience
des processus de développement mesurée par comparaison avec des pratiques
de développement standardisées.

eASE : Extension de I'ISA

L’extension de I'Ingénierie Systéme Automobile (page 63) consiste a définir
la méthodologie appliquée au développement des systémes de production.
Cette application est illustrée par I'exemple didactique de 1'ingénierie d"un Ote-
agrafe et son systeme de fabrication. Cette contribution théorique a permis de
construire une approche intégrée pour concevoir les produits automobiles et les
systemes de production associés (page 68), notamment axée sur l'identification
et la gestion de trois types de liens :

- entre les systemes produit et les systemes de production modélisés dans
les arborescences de développement,
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- entre les activités de développement qui sont réalisées pour ces
systemes,
- entre les systemes produits et les systemes de productions dans la phase
de production, lorsque les produits font partie du flux de production.
La démarche étendue porte le nom anglais eASE pour: extended
Automotive Systems Engineering.

eASE : Evaluation et Contréle

L’évaluation et le contrdle de I'Ingénierie Systéme Automobile étendue
(page 77) consistent a fournir aux métiers de développement du domaine des
systémes de fabrication un outil pour évaluer globalement leurs pratiques
actuelles d’ingénierie, sur la base de questionnaire (page 78) ou en mettant en
conformité par rapport a 1'Ingénierie Systeme Automobile les descriptions de
leurs processus d’ingénierie (page 86), lorsqu’elles existent. Sur ce theme
d’efficience des processus, une perspective se dégage, qui porte sur le besoin de
se doter de méthodes dédiées comme la méthode « Design Structure Matrix »
(page 87). La démarche d’interview permet 1’évaluation relative de niveaux de
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maitrise des domaines d’expertise et 1’évaluation des pratiques de chaque
métier pour chaque domaine de l'ingénierie : management, besoin, exigence,
conception, intégration, ... L’objectif est de déterminer ou mener des actions
d’améliorations locales dans les métiers, notamment a 1'aide de feuilles de
routes méthodologiques (page 84).

eASE : Déploiement et Application

Le déploiement et I'application de 1'Ingénierie Systéme (page 89) consistent
a mettre en ceuvre des actions selon un processus centré sur les activités des
opérationnels et leurs besoins en terme d’amélioration. Il s’agit d’analyser une
situation problématique et d’y remédier, en collaboration avec le métier afin
d’améliorer ses pratiques et en proposant une application adaptée des principes
d’Ingénierie Systeme. L’objectif étant de rendre le métier aussi autonome que
possible par l'appropriation des pratiques d’IS. Cette contribution est illustrée
par un exemple concret d’amélioration effectuée dans le domaine de la
spécification d'une nouvelle usine de fabrication de boites de vitesses. Cela
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traduit l'activité que j'ai menée en tant que collaborateur du groupe PSA

Peugeot Citroén pour de nombreuses autres initiatives du méme ordre.

Le cas proposé permet de conclure empiriquement (page 96) sur les

apports de I'Ingénierie Systéme pour 1’amélioration de l'efficience du processus

d’ingénierie considéré, car globalement l'effort a fournir pour la phase de

spécification est conservé tandis qu’on constate une amélioration de

I'exploitabilité des documents ainsi élaborés.
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eASE : Instrumentation

En guise de prolongement de ces contributions et dans le cadre de la
conception conjointe des produits automobiles et de leurs systémes de
production en Ingénierie Systeme, la problématique d’instrumentation des
méthodes est abordée (page 97), en détaillant I'approche intégrée des méthodes
et des outils logiciels congue (page 98). La premiere étape de cette approche a été
réalisée et consiste a modéliser les principes théoriques en vue de leur
implémentation (page 99). Cette action permet notamment de rendre plus
concrets ces principes par raffinement. Cette modélisation permet aussi
d’interfacer” 'approche eASE, plutdt prescriptive, avec d’autres points de vues,
plutot descriptifs. Elle abouti a la formulation d’exigences pour les systemes
d’information supportant l'ingénierie, c’est a dire un ensemble de
fonctionnalités requises (page 105). Ces exigences ont permis d’évaluer les outils
disponibles dans le groupe PSA Peugeot Citroén qui étaient potentiellement

** Comprendre le sens informatique.
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appropriés a la mise en ceuvre de la conception conjointe selon les principes

sus-citée (page 105).

Conclusion

En conclusion (page 109), les principales contributions de ce travail de
recherche sont de deux ordres : théoriques et pratiques.

Les résultats théoriques comprennent 1’enrichissement du référentiel PSA
Peugeot Citroén et étendent le périmétre d’application de 1'Ingénierie Systeme
Automobile a la conception conjointe des produits automobiles et leurs
systemes de fabrication. Cette extension est validée par les pratiques du terrain,
grace a l'investigation menée a l'aide du questionnaire présenté dans le
Chapitre 4. La portée des résultats théoriques débouche sur la problématique de
lI'instrumentation logicielle de ces concepts. Qui donne donc lieu a une autre
contribution des travaux de recherche, centrée sur la modélisation des principes
théorique en vue de leur raffinement et d"une implémentation logicielle.

Les résultats pratiques portent sur l'ingénierie des systémes de fabrication
et comprennent la mise a disposition d'une méthode outillée d’évaluation
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globale de l'efficience des processus de développement et de mise en ceuvre
d’actions d’amélioration locale. La méthode outillée permet d’évaluer les
pratiques actuelles et de batir, en fonction des besoins et de la volonté des
métiers, des plans d’action d’amélioration ciblée des pratiques.
La représentativité des études réalisées justifie la valeur ajoutée de
I'Ingénierie Systeme.
Perspectives

Les avancées théoriques nécessitent d’étre alimentées par les données
concretes du terrain. Il s’agit par exemple de consolider des arborescences de
développement des systemes de production, ainsi qu’identifier et gérer les liens
ou échanges d’information entre les ingénieries des produits automobiles et
leurs systemes manufacturiers. Ces données étendent notamment les
perspectives des travaux a linstrumentation logicielle des principes de
conception conjointe des produits et des systemes de fabrication dans les
systémes d’information, comme détaillé au chapitre 6.

Sur le champ des méthodes, la perspective vise la cible Ingénierie Systéme

Automobile étendue, c’est a dire développer les véhicules et leurs systemes de
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production selon les principes d’IS. Ce pré-requis pour assurer la cohérence
entre les objectifs commerciaux du groupe et les développements, représente un
objectif a long terme qui sous-tend une transformation progressive du systeme
de développement de PSA Peugeot Citroén. L'efficacité de la méthode outillée
d’évaluation globale et de mise en ceuvre d’améliorations locales a été montrée
dans le domaine de l'ingénierie des systemes de fabrication. Cet outil peut a
I'avenir permettre de définir des étapes successives de progrés en terme de
pratiques de développement, selon les besoins d’amélioration et les ressources
propres a chacune des équipes d’ingénierie du groupe PSA Peugeot Citroén.
Lorsqu’elles existent, les descriptions des processus peuvent étre directement
évaluées et améliorées en regard de 1'Ingénierie Systéme. Une perspective de
cet axe d’amélioration est de s’appuyer sur des méthodes appropriées, afin
d’agir sur 'efficience des processus de développement.

La principale perspective de ces travaux confirme l'intérét, par tous les
moyens sus-cités, de la poursuite du déploiement de I'Ingénierie Systéme pour
la branche recherche et développement du groupe PSA Peugeot Citroén.
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Appendix: Questionnaire

Questionnaire of the interview-based assessment approach.

This questionnaire is an Adobe™ “portable document format” file (*.pdf),
generated from a Microsoft Word™ file (*.doc). This template makes easier the
guidance of the interviews. Answers are directly reported in the file by the lead-
interviewer, by box-checking and text entering. At the beginning, the opened
file can be initialized and at the end of the session, the lead-interviewer can click
on the “archive” button and the results of the interview are automatically
exported in an Adobe™ “form data” file (*.fdf). Microsoft Visual Studio™ was
used to program the file converter, from *.fdf files to *.txt pre-formatted files.
Then, results were automatically calculated and fed from data manually
imported to a new sheet of a Microsoft Excel™ file (*.xls). These results are
those displayed in Figure 29. Global assessment results, page 83 and Figure 30.
Example of more accurate results for one area, page 84.

Visual Studio™, Adobe Acrobat Writer™ and Microsoft Excel™ were

chosen because they provided the needed features and were available.
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