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Product development is changing since its early beginnings. Especially since 
the time of industrialization the speed of this change has constantly grown. 
The 1960 saw the introduction of computers into product development. The 
development of computers and software are amazing artefacts. Product de-
velopment methods have been generated for the use in teaching as well as 
for the use in industrial processes. Most of the methods have been created 
without the usage of computers. That means that even today conventional 
methods are still dominating and large numbers of tools and systems are 
used for the support of product development processes. However, still miss-
ing are methods of computer integrated product development.

»The Future of Product Development« comprises 68 papers from more 
than 20 countries. It is a collection of current industrial views and of re-
search results. Three major industrial companies outline their demand for 

-
ing their reply. The remainder are papers on current RTD.

The conference can be seen as a mirror of international tendencies in 
product development in the year 2007. It shows the urgent need for change 
in product development and for new solutions. The presentations in this 
conference are therefore of direct help for the industry and stimuli for ongo-
ing discussions on enhanced product development. In this sense the presen-
tations and the connected discussions are in turn initiating new research.

Despite its complexity the program is very much focused. Without the ac-
tivity of the international program committee the conference program never 
could have been assembled. The merits for content and quality of the papers 
belong to them only. 

Without the sponsors the whole approach, including the industrial and 

CIRP, the International Academy of Production Engineering has a long tra-
dition in conducting Design Conferences. It is a great pleasure and obligation 

time the conference was jointly promoted by CIRP and the Berliner Kreis 

Preface
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exchange experiences and ideas between industry and academia.
The proceedings give a very precise overview about the state of the art 

and ongoing changes in product development. We hope that they are of help 
for the industry as well as for research and teaching.

chief engineers Helmut Jansen, Christian Kind and Uwe Rothenburg and the 
members of my group.

their creative support in preparing the proceedings for print.

Berlin, March 2007
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PDM/ EDM as Integration Layer for Continous 

industry. The car manufacturers demonstrate quite different technological 

year a start was made with the complete conceptual planning of a Group-wide 
implementation of a PDM/EDM program. The growing demands in regard to 

-
cessful restructuring of the organisation including the introduction of vehicle-

had to be further adapted from a vertical to a horizontal structure. This is 
possible only in conjunction with substantially greater digitalisation and vir-
tualisation. In order to do justice to the future demands in all segments of the 
process, it was necessary to introduce integrated Product Data Management 

entire product life cycle from design to development, production, sales, after 
sales all the way to recycling.
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The introduction of PDM resulted in three main points of implementation 

brands and model families in the Group.
2. Integration of the required product data

Adapted to the new process, the required data are made available to the 
-

IT system structures will be examined. Systems which are no longer re-
quired will be retired and the important systems will be integrated as far 
as technically possible.



DMU@Airbus – Evolution of the 
Digital Mock-up (DMU) at Airbus to the 
Centre of Aircraft Development

R. Garbade1, W. R. Dolezal2

1 Senior Manager DMU Integration, Airbus Deutschland GmbH, 
  Bremen, Germany 
2 DMU Integrator, Airbus Deutschland GmbH, Bremen, Germany 

Abstract

500/600, A380 and A400M have paved the way for integrated DMU operations 
across Airbus and its supply chain. 
One cornerstone detailed herein is the Product Structure. It is vital for concurrent 

-

Keywords

Enterprise

1 Introduction

This numbers denote that the amount of reduction in the variability of re-
sponse obtained by using regressor variables is about 97 % and it is about 

the sensitivity analysis is carried out in order to assess which input variables 
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are the important factors in affecting the variability of each response as well as 
the overall desirability function. Additionally, this information is also useful in 
understanding which inputs are the limiting factors in the response variability 
and which efforts should be carried out in reducing the variability. By carry-
ing out the t-test which compares the estimate value of each factor with its 

be determined. Those are the process lead time, the resource number and the 

used only selectively in everyday design. Stringent aerospace requirements 

time being - 3D CAD to be applied on a larger scale.

Fig. 1:

That changed in the second half of the 1990s. Feasibility studies and ear-

aircraft A400M already started in 3D. But it was the launch of the A340-

proved the advantages of a DMU for major components: it were both a 
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Aircraft though, but for assembly/integration critical areas.
-

edge base tremendously on how to create, exploit and manage the DMU. 
-

tion. It laid a solid foundation for latest Aircraft programme launches such 
as the A350. 

Fig. 2:

-
trievable from the database. This is made possible by a sophisticated ef-

the basis for distributed concurrent engineering of both heavily customized 
products for the operators and parallel development of an aircraft family 

-
cally in Design-Build Teams, when a few designers started focusing more 

and visualization support during reviews. With new programmes that com-

role for enabling concurrent creation and exploitation of the CDMU the DMU 



6 User Keynotes

Integrators from all four Airbus national companies are now being bundled 
in a single transnational organization. That enables harmonizing the ways of 

and draws on synergies of core competencies beyond national borders. 
Two crucial elements of DMU helping to meet the challenging objectives 

are explained on the following pages: the Product Structure and DMU op-
erations across the Extended Enterprise. 

This paper focuses on the product DMU itself, hence the Aircraft. There 
are, of course, other DMUs as well: e.g. 3D jigs and tools, production- and 

by the Supportability community. 

2 Selective Cornerstones of DMU Development 

2.1 The Product Structure 

If the CDMU is the basis for 3D design activities, the product structure is its 

it is more than a drawing tree. In Airbus, the product structure is an organized 
collection of business and technical information related to the Aircraft. It not 

-

A400M projects. The aim was to develop and implement standardized and 
transnationally harmonized rules how to best organize data and information, 
giving different disciplines their points of view on the product they prefer 
most for design and development. Thereby the visibility of the DMU in ei-

Data and information can be accessed in several views. These views ar-
-

ties. Hence, the same item may belong to a contractual function, a design 
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Functional breakdown; this is basically the point of view Engineering 
has on the aircraft. It decomposes the aircraft functionally top-down to 
major components, sections, zones, assemblies, sub-assemblies and to the 
single parts themselves. 
Manufacturing breakdown; it is the manifestation of how the Aircraft is 
assembled, in fact the bottom-up approach, from single parts to assem-
blies, sections and further up. 

Fig. 3: Different disciplines extract their views from the Aircraft

For daily CDMU operations, three views have emerged as the most rel-

The so-called 
-

els that are necessary for design trade offs: space allocation models of 
structures, systems and equipments, interface models, master geometry 

engineers converge to the best trade-off, manufacturing engineers can start 
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Fig. 4: Most relevant product structure views of the CDMU

The As-Designed
-

Both functional views are organized in three areas:
The Upper Level; it decomposes the aircraft top-down via six levels. It 

-

The

The Design Level
Aircraft is detailed down to the very single parts. The top assembly is 

chosen as baseline solution for further detailed design. 

and As-Designed there is a so-called transition phase: it ensures that aux-
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which data are migrated to the next phase.

Fig. 5:

The very same CDMU in Development and Series Phases is shared by 
two views contemporarily: the As-Designed and the so-called As-Planned

ADAP-”
assemblies/parts, indicating their belonging to both views. The As-Planned 

is the input for the Manufacturing-, Inspection and Maintenance Dossiers 
– the documentation necessary to produce, service and operate the Aircraft. 

global CDMU and the visibility of the actual 3D design status. As both lev-
els are managed organizationally under one transnational roof has several ad-

company-wide and the CDMU is useable for all disciplines as it is based on 
agreed schemes.
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2.2 DMU Operations over the Extended Enterprise 

As it is with the aerospace business as a whole, large aircraft design and 
development too has become a very global endeavor itself.

Fig. 6:

From a DMU point of view that means that wherever and whenever de-

a near real time basis, as do their colleagues in Toulouse, Hamburg, Bremen, 

and interface models. Therefore, data exchange and data sharing have be-

The requirement calls for life cycle handling of high volumes of data, 
with considerable frequencies of exchanges and management of iterations. 
In Airbus Germany in 2005, in the A380 project alone, the average volume 
of DMU data exchanged internally with other Airbus sites ranged between 
80 and 140 GByte per month, and exchanges with suppliers ranged from 50 
to 90 GByte. Furthermore, closer and earlier integration of suppliers and 

-
ity of tools and systems. Once these new participants are on board design 
activities must see a fast ramp-up. Communicating a common DMU policy 

out to be crucial elements for success. 
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tool environment, adding further complexity to the most challenging Aircraft 
development project in the history of Airbus. 3 different 3D CAD systems, 

within Airbus alone accounted for a great deal of operational DMU shortfalls. 

considerable efforts were laid in solving those issues and ensuring regular 

At the end of Concept Phase the Airbus partners in the A400M pro-
gramme switched to a new and common 3D CAD tool and a single new 
web-based PDM system. It eliminated many of the issues A380 had to face. 

Also the architectural set up with four separate PDM instances resulted in 
synchronization problems among them. It forces to remedy a temporarily 
inconsistent CDMU while still having to handle a considerable number of 
data exchange transactions. 

It uses the same CAD/PDM tool set as A400M as well as most of its meth-

single-instance architecture and the strategic approach of ensuring smooth 

Some of the lessons learned for DMU operations point right to be beginning 
of partnership: during the bidding process it is important to evaluate the best 

-
chronization with internal processes. This can best be done by going from 
classical data exchange to data sharing. 

The transnational DMU organization has been established to be both the 

as its enabler for the multitude of departments over the entire Extended 
Enterprise. In the end, everybody is a little bit more interwoven with each 

does pay off, for both sides. 



12 User Keynotes

3 Steps into the Future

the A380 and A400M. The DMU remains to be one of the crucial elements 
for dealing with development, customization and integration complexities 
in these two major programmes. 

-

-

across the entire Extended Enterprise. This underlines the strategic impor-

Another project is to prepare for pure digital 3D development. It aims at 
eliminating – as much as possible – 2D drawings from the design and manu-
facturing processes. This will further enhance reactivity and cut costs and 
time. It shall, in the end, close the remaining gaps between Engineering and 
Manufacturing and unite their distinctive 3D worlds to a common virtual 
development space. 

4 Conclusion

The last years have seen four major Airbus programmes being launched in 
relatively short sequence. Given the long development cycles of large trans-

apply lessons learned of the new DMU discipline from one programme to 
the next almost without delay. The frontiers of DMU operations were pushed 

came not for free, let alone guaranteed success, just by going 3D. It was the 
cumulated effort of a great many people that placed it in the centre of devel-

as one of Airbus’ core competencies for successful Aircraft development. 

even higher levels along the way.



An Integrated Approach

A. Katzenbach1 , W. Bergholz2, A. Rolinger3

1

2 DaimlerChrysler, Division of Data and Process Management, 
  Ulm, Germany 
3 protics GmbH, subsidiary of DaimlerChrysler, Division of Product Data  
  Management, Stuttgart, Germany 

Abstract
The dependency between products and processes in today’s high-tech domains is 

-

standardizes the design process and its downstream processes. The results of an ac-
companying psychological user acceptance study are also presented and discussed.

Keywords
Design of Experiment, Product Development Process, Process Analysis, Process 
Optimization

1 Introduction

-
ences are decreasing between the various automotive companies. Especially 

distinguish new innovation from the other automotive competitors. For this 
reason, the Mercedes Group formulated a strategy in the 1990s to rapidly ex-
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pand its model range.  In 1983, the C-Class had one car body, four engines, 
and one factory. In 1993, the range increased to four car bodies, seven engines, 

-
ies, seven engines, three design lines and four factories.

Fig. 1:

The increase of model range required worldwide production in collabora-
tion with other companies. The international merger is one way to generate 

The features of the car changed dramatically, too. Electric, electronics, and 
-

tive world. The result today is a higher degree of complexity in product, as 
well as in design and engineering processes. To handle the increasing com-
plexity, the automotive companies implemented the digitalization of prod-
uct development and the optimization of processes in the mid-1980s.

The investment in engineering increased proportionally with the extent 
of model range, whereas the amount of employees per model decreased. 

processes made this possible. One example of automation is the introduc-
tion of CAD systems, which were implemented to increase productivity and 
product quality, while reducing developmental effort. [1]

-
creased quality problems at the beginning of this millennium. Entire indus-
tries moved into a period of consolidation that was characterized by high 
discipline of cost and process. Rapid innovations supported these bench-
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-
gree and processes of immanent quality, digital prototypes, frontloading, 
digital factories, and integrated product data management. 

To understand this trend, it is essential to realize that innovative prod-
ucts need innovative product development processes. These process innova-
tions are often IT-driven. An important innovation is the topic of this paper, 

-
proach for archiving and managing all essential information in a standard-
ized product and process description. 

The future of the automobile industry will bring new challenges that re-
quire such solutions. The results of a comprehensive study [2] predict for the 
automotive industry that three things will characterize the future:
1. A gap between high expectations and low prices.

have a gap between the high expectations of customers regarding innova-
tion and the reluctance to pay corresponding prices.

Fig. 2: Future trends in the automobile industry

This combination of trends increases cost and process pressures and inten-
-

nents in the automobile will continue to increase. The classic competence that 
OEMs enjoyed during the previous century will decrease, and consequently 
the OEMs’ portion of the creation of value will decrease. OEMs will have to 
integrate many suppliers. The structure of the industry will change and per-
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Several solutions have emerged to meet these challenges. The automobile 
-

chanical, electric, electronic, and software, as well as on the down stream of 
process chain, inclusive companies of partner integration, global collabora-

-
velopment is an important approach for handling the challenges. 

But the technical side of templates is not the only important factor for suc-

well as issues about their cultural differences, are frequently forgotten. This 

motivation but also helps to anticipate and reduce potential barriers.

2 Engineering Templates

for archiving and managing all essential information in a standardized prod-
uct and process description. 

Each car line, each assembly, each component contains various and nu-
merous characteristics that require dedicated development steps. From con-
ceptual design, through all design stages to data archiving, sophisticated 
development methods and IT solutions must be employed. Seamless and 
just-in-time information for all downstream processes and an unambigu-

system. The schema in Figure 3 shows the correspondence between exter-

within the four template extensions can be distinguished. The level of detail 
increases as it moves from the outer shell to the centre. Function templates
contain only rough geometrical information and are mainly used for provid-

concept
templates

-
tice design concepts.  The digital validation of functional principles is the 
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 study templates. The detailing of such a validated concept leading 
to a full geometrical description of parts, including relevant information for 

part templates. Within 

modules of a vehicle.

Fig. 3: Requirements for a template-based product description

A tight collaboration between DaimlerChrysler Group Research and 
Mercedes Car Group Development facilitated the development of the me-

chassis design domains. The outcome of this study was published at the 
2005 DaimlerChrysler EDM Forum in Stuttgart [3].

2.2 Link Management

To provide the opportunity to include all geometrical and non-geometrical 
-

cept was developed. It enables data retrieval with different points of view. A 
generic information structure, independent of the level of detail, is the basis 
for the archiving of all templates. 

This structure is a summary of different information aspects of a compre-
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the necessary information is activated and shown in the expected context. 
The structure distinguishes between parts with product part number and so-

datasets existing in the PDM database to the part description. 

Fig. 4: Concept template technology at DaimlerChrysler

Only a suitable PDM solution can ensure such a dynamic information 

-

essential. This means especially the constraints between geometrical ele-
ments and parameters within parts as well as constraints between parts and 

generates the capability of dividing complex structures into template-based 
and usable part structures.  Without this capability, it would be impossible 

among numerous design engineers. 
The mandatory use of template-based design processes leads to a con-

tinuous improvement of the design maturity, from the early phase down to 
detail design, and prevents endless iteration. The reuse of these approach-
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features, facilitates this reusability. These feature applications are not only 

through an internal protection structure.
-

grating proven concepts or systems into a new product design. They contain 

context. The disadvantage of this approach is obviously the intensive effort 

potential variants of future design instances.
To succeed in the development and deployment of such a sophisticated 

concept, technical and conceptual aspects must be considered. The most 
important part of the game is the human being – the engineers and designers 
who have to perform this new process and methods. 

3 Psychological Aspects of Template  
based Engineering

-
cial and technical substructures. Humans, technology, and organization are in-

system [4]. The interaction between the substructures has also been described 

The previous discussion of the templates focused mainly on technical 
design with the purpose of process optimization.  However, human, orga-
nizational, and cultural factors should also be considered. In the following, 
human factors are considered to ensure a successful introduction of tem-
plates and, therefore, a standardization of the process. The cultural aspects 

systems, are only mentioned in this context. 
Early integration of the user is the best way to consider human require-

ments in time. Disadvantages of the previous process and aims of the new pro-
cess have to be presented. When developing templates the integration of the 
user supports the acceptance of the new technology and prevents un-necessary 
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penalties. Therefore, a cognitive ergonomic design of templates is also im-

At DaimlerChrysler AG, a study was conducted to analyze critical in-
cidents when using templates. Based on the results of this study, improve-
ments for the design of templates were conducted. In the study, two different 
construction elements were compared. One construction element was com-
posed without features and then was composed with features. In total, six 
designers participated in the study and were subjected to the experimental 
conditions. For reasons of comparability, participants were constrained by 

-
-

-

that the construction element with features was estimated differently de-

Engineering expertise considered the implementation of a construction ele-
ment with features as less effective. The shorter design time and the faster 
creation of geometries were seen as an advantage whereas the loss of the 
overview and the complexity of the design element because of the strong 
structure were seen as a disadvantage. The design time was different de-

used the construction element with features solved the more complex design 

analysis of the videotaped design process will provide further information 
about critical incidents and their solutions. Additionally, in the second part 

-

-
ing coherences. Considering that the body shell model has more than 2,500 

thought must be given to alternative solutions. The degree of complexity 
increases because of the non-transparent presentation of the multi-model 

-
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-

Therefore, information about the interdependency of the construction ele-

should be given to the development of a user friendly information system 

4 Summary

The dynamics of today’s business requires comprehensive, optimized pro-
cesses that can be reliably performed only through the use of standards. The 
template methodology described in this paper is an example for process 
standardization extending the usage of CAD systems. Template technology 
provides all relevant process information directly from the CAD system. 
Each design stage can be performed by a template extension. The challenge 
for a suitable template concept is achieving balance between standardization 

of the user who has to realize  the concept’s succeed. Only a comprehensive 
approach to the development process, template methodology, and human 
behavior can implement this new technology successfully.
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Cross Disciplinary Methods for 
Accelerated Product Delivery

C. Grindstaff

Abstract
Consumer requirements for product convenience, functionality and quality have 

enterprises must use sophisticated and highly optimized engineering and manufac-

-
els. These rapid innovation cycles must be executed with lean processes that are 
continuously improved and optimized yielding reduced costs.

Keywords
Knowledge Based Engineering, Product Development Process, Process Analysis, 
Process Optimisation

To help enterprises cope with these pressures, IT vendors are delivering soft-

business processes. This has often been accomplished by developing tools 
that mimic physical processes, extending these software tools’ functionality, 
improving their performance and expanding their scalability to meet rising 
enterprises’ needs.  However, the weight of global competitive pressures is 

processes. Today’s design, engineering and manufacturing processes must 
be distributed, multidisciplinary and highly automated.

Supply chains continue to lengthen globally. Organizations must have 
ways to utilize insight from experts wherever they are in the world and 
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must have reliable collaboration tools to supply them accurate information, 
to evaluate alternatives and to communicate their decisions.

The rapid innovation cycles demand reduced decision time. Practitioners 
from all disciplines must coordinate their decisions early and concurrent-
ly. Considerations from requirements, aesthetics, engineering as well as 
manufacturing must be balanced and reconciled as early and accurately as 

product development environment is now routinely employed to augment 

IT systems, which are intended to support the digital product develop-

structure editing.

Fig. 1: Roadmap of Digital Product Development support

-
erating variations of engineering solutions. Requirements can drive design 
parameters and initiate virtual validation procedures. Integrating business 
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in information allocation and re-use. Harmonizing the design intent with 

assembly, maintenance and disassembly will eliminate complete loops of 

for Manufacturing, Design for Assembly and Design for Maintenance are 
being supported by today’s state-of-the-art systems providing the incorpora-
tion of technology relevant information into the design environment.

Time spent iterating product engineering results until the released design 
is reached, can be shortened by corporate-wide integrated visualization tech-

-
resentations can be utilized to support engineering review processes during 
multiple phases of the product development process. However, the shape 

complete model of a product goes beyond its shape to include functional be-

-

-

this broad range of information, IT systems typically need to combine cross 

phases of the production process, however, can be achieved by an end-to-end 
vertical integration between all the stages of the production ranging from vir-

degree of integration will introduce new possibilities of simultaneous product 
-

mation systems. Users of these combined technologies will achieve the high-
est quality, adaptability and fastest production processes. 

in an engineering environment, collaboration strategies for IT systems need 

relevant information of a globally distributed production enterprise need to 
be available at any location, at any time, concurrently. This is achieved by 
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and their suppliers.

in multi-system environments. The simultaneous availability of manufactur-
ing related rules and information during the design phases and the incorpo-
ration of these into the product and process models provide the necessary as-
sociativity between the product design and manufacturing processes as well 

decisions need to be made in the early stages of product development, the 
available cost data is usually imprecise. Practicing design for manufactur-
ability with reusability considerations on processes and plants can minimize 

of cost estimations for the production of developed goods.

Fig. 2: Cross Disciplinary collaboration in an integrated Product Development 
and Manufacturing Environment

Given the economical challenges the industries face today, global out-
sourcing becomes a part of any production, introducing additional aspects of 
supplier integration. Issues of compliancy, IP-Protection needs, and fast de-
livery requirements need to be considered to streamline this major process. 
Multi-site capabilities of product, process, plant and resource information 
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management is required with higher emphasis in these customer-supplier 

functionalities need to consider IP-protection issues in these scenarios but 
also multi-system architectures need to introduce methods of controlled in-
formation reduction for the exchanged models.

Fig. 3: Knowledge Driven Automation Strategy

The comprehension of the business processes in the target industries help 
the IT product and service providers to create process dedicated software 
solutions. The process awareness while designing IT tools opens the pos-

achievable automation and the degree of engineering support is provided by 
the diverse capabilities implemented for the specialized applications. The 

-
-

vation in the processes. The path to creating innovation leads to cooperation 
between its creators, providers and users. Academic research, a responsive 

-
esses are therefore prerequisites for new successful practices.



Advances in PLM Methodologies Driving 

X. Fouger

Abstract
-

ologies implemented by industrial companies as increments in their way to manage 

full scale implementation in business environments, as opposed to academic institu-
tions. It becomes then a challenge for educational designers to develop the learning 

operate, drive and evolve new practices in product creation. For technology provid-
ers, who contribute to the concurrent invention of new methods and new enabling 
tools, there are several ways to contribute to accelerate the transfer of their generic 
aspects from industry to education environment.

Keywords
Engineering education, Product Development Process, Process Innovation, Best 
Practices, global engineer, design in context, digital manufacturing

1 Introduction

processes for industrial companies. Beyond this natural destination of their 
innovation effort, their potential contribution in helping educational institu-
tions to increase their responsiveness in producing appropriate competen-
cies is often underexploited.

This paper examines a selection of engineering activities that underwent 
-
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production engineering.

2 The Accelerated Use of Composite Technologies in 
Large Aircrafts

-
celerated the use of composite material in a large aircraft. This evolution 
is clearly driven by a competitive objective of reducing cost of ownership 

all the primary structure, including the fuselage, wing box, and empennage 

also carbon laminates, instead of the more traditional carbon sandwich. 
-

Many aspects of engineering required to design appropriate curricula, in-
cluding the design of new types of shapes for structure parts, dynamic analy-

autoclaves capable to contain complete sections of fuselages.
Among this population, were several thousands of engineers using digital 

-

the manufacturer with the help of involved vendors had to target at the same 
-

tions. A vast training program was deployed for Boeing’s employees and 
their program partners. This program also reached initial education curricula 
in numerous higher education institutions within an extended ecosystem in-
terested in aerospace education.

-
eral paths including some exemplary active learning [4] based projects as 

Boeing Commercial Aircraft Group.
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3 Generative Design Practices 

computer aided derivation of similar parts from a generic instance through 
simple mechanisms such as parametric dimensional variations. This version 
of generative design, while interesting for accelerating routine or standard 

-
velopment organizations. 

The extended understanding of the practice has been formulated in the 

-

-
sible in the development schedule is a factor of competitiveness since it 

-

in the outer shape of a car are only possible if all downstream processes can 

most costly. Therefore, the capability to automate the production of updated 
computer models of body-in-white structures that are technologically valid 

already implemented in a large scale by some automotive companies. It im-
plies deep transformation forces towards more specialization between two 
classes of professionals:

-
dated generic models of body in white structures. These models become 
the generative material for the other type of professionals:

-
nitions and to instantiate them as fast as possible within the contest of the 
latest version of the outer body shape.

Smaller companies may choose to prevent specialization of engineering 
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-

Fig. 1: Generative design practices, when deployed on a larger scale, determine 

3.2 Teaching “Morphing” or Morphing Teaching?

modelling of generative objects requires students to be put in the situation of 
creating practical examples of realistic generative products. In many cases, 
it is therefore necessary to design substantial curricula evolutions. To help 

-

teaching material to be inserted in their personal courseware.
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Fig. 2: An example of morphing: the complex geometry of the hood structure 
is determined by it’s outer shape. When it changes, the new shape of the 

within the model. These rules guarantee that the geometry change of the 

3.3 Collective Innovation Practices

As soon as multiple players are simultaneously involved in developing a 
new product, typical project management issues arise, such as:

Ensuring the consistency of the complete product while not over constrai-
ning individual’s creativity,
Creating the conditions for uniform progress of all involved engineers, 

• Remove the cost of waiting for other team member’s input?
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-
tion practice that builds on the premises that all participants within a project 
publish their results daily. The technological enablers of this process include 

well as appropriate tools to perform local assembly consistency diagnosis.

3.4 Teaching the Social Aspect

needed results a any time.

Engineers must accept to publish preliminary ideas
Engineers must accept to build on preliminary results from others.

To accelerate teaching of not only the technology but also the managerial 

institutions with specialized Master level conferences resulting from actual 
implementation projects.

4 Multi-cultural Engineering Collaboration

-
ducing results in a collaborative effort that involves engineers, from one or 
several other countries or cultures. This has been recently articulated in a 
report [1] commissioned by the Continental company to several world class 

-
-

During the 2006 Global Colloquium on Engineering Education of the 
American Society of Engineering Education, around 60 students were invit-

Students forum associated to the colloquium. Most of the invited students 
had experiences of international relationships in an engineering context. 

-
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-
se them into a foreign context,

joint project.

Dassault Systemes has encouraged several international collaborative 
experiences that are characterized by the observation that was underlined 
in the survey:  to create realistic conditions for concurrently learning the 
aptitudes and the attitudes of the global engineer, curricula that lead to joint 

Fig. 3:

4.1 An Indo-French Example or Result-oriented Project

An example of interesting multi-cultural experience involved an Indian and 

executed the project in the context of distant teams and shared content, they 
-

developments.
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Fig. 4: -

Production Engineering 

Manufacturing industries invest considerable amount of investments and 
organizational efforts to establish more concurrency between product engi-
neering and manufacturing engineering. Digital Manufacturing techniques 
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are enabling and structuring these efforts [2].
However the cultural distance that tradition has established between these 

role of engineers in a collaborative mode, while teaching the practice of 
-

The underlying principle in building digital manufacturing curricula is that 
it enables to import the model of the factory and its operations in the class-
room. This provides product engineers with the factory point of view on 
the product development process and helps them conceptualize and practice 
concurrent product/process and resources design in teams that simulate the 
different involved disciplines.

6 Summary

Manufacturing industries provide the full scale test bench for new method-
-

ing practices become professional characteristics in this industrial context, 
even if their initial articulation originates in academic research. It becomes 
a frequently observed challenge for education to turn new practices into 
consistent elements of curricula.  Technology vendors can invest in helping 

-
ized educator’s education, involvement in lectures, support of educational 
experiments, etc...

This paper explores selected

can be implemented successfully in engineering curricula and it provides 
-

nology to accelerate curricula construction and to help enhance educational 
responsiveness to industry changes.
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A Systematic Approach to 
Product Development Best Practises

J. Heppelmann

-
cesses, and a globally distributed value chain.

-
ect management, global collaboration and the ability to  integrate mechani-
cal, electrical and software design disciplines into one streamlined process 

will enable corporations to:
Manage the complete product structure and product information from va-
rious sources in one integral system, leading to an optimized, lean pro-
duct development process
Enable true cross-discipline development that helps to increase product 
quality and reduce overall development costs.

through collaboration portals
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1 An Open Information Backbone for Integral 
Product Development

The development processes for most of today’s products - system de-

business systems for sourcing, manufacturing, and service. Isolated systems 

view of the entire product as it is being developed.
Providing a single, integrated product development platform, enables the 

-
-

tions.  Integrating information from various sources and disciplines creates 

2 Systems Design and Mechatronics

Product development, in the past dominated by mechanical engineering 
principles, is undergoing massive changes and Electronics and Software en-

The challenge in the system design, change management, validation, 
and quality management processes lies in the fact that the individual de-

changes being discovered late in the development process, causing unfore-
seen cost and quality problems.

This allows corporations to plan for quality through cross-discipline prod-
uct development and avoid late, expensive changes.

3 Collaboration

Product development today requires close collaboration with design part-
ners, suppliers, and manufacturing. 

-
tual property, and must ensure that up-to-date product information is being used.

-
-

prise and across the supply chain.
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4 Solution Capabilities

Documentation and Illustrations,  and Engineering Calculations - into one 
integral and open system differentiated by a broad footprint of capabilities, 
clean architecture, that is easy to use, scalable to meet the needs of a global 



SPALTEN Matrix – Product Development 
Process on the Basis of Systems Engineering 
and Systematic Problem Solving
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Abstract

combines system engineering, the phases of the product development process and a 
systematic problem solving to one successful approach to handle complex product 

-
ation, coordination and information platform for the product development process. 
This approach provides a long term planning and situation oriented problem solving 
during the product development process.

1 Introduction

Many different product lifecycle processes have been developed during the 
last years and the specialization of development processes is getting more 
and more common. Examples for this trend are the specialization of the de-
velopment processes of mechatronics and micro technology [1]. The stages 
of these product development processes can be compared but they differ 
substantially with regard to the interactions and order of the single process 

-
ences already considerably the ideas and the conceptual stage, because the 

[11]. These different technologies show that there exists no general product 
development process. Product development processes depend always based 

-
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cumstances create a demand for a reference model for the product develop-

aim is to establish a reference model that indicates and supports optimally 

product development processes that is based on a continuous systems engi-
neering approach in combination with the stage model and a team-oriented 
problem solving cycle. 

2 Product Development Processes 

Product development and innovation processes are being researched by 
several different domains. Thus, different domains propagate and develop 

-
novation- and development processes are the management and engineer-
ing sciences. Many of these approaches have a special focus on their own 
domain. This fact can be clearly seen in the case of the design-methodi-

Many business management approaches, in contrast, end with the require-

the change from the design-oriented development processes to business 
management-oriented product development processes [6]. From these two 
domains result two dimensions of a development process: design method-

manage the development project and to support the developers themselves 
during the development process. The success of a development process de-
pends on the consistency and continuity of the single dimensions and stages. 
Prasad seizes this suggestion and divides the elements of a development 
process in different hierarchy levels – organization, product, and process 
[15]. These dimensions of the product development process are character-
ized by the stage-oriented protection, the objectives, and the navigation, by 

-
opment process are connected to a problem solving process [20]. It is often 
used as the basis for the design of development processes. Gierhardt divides 
the model into process level, organization level, and product level, with a 
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2.1 Systems Engineering and Product Development

The basics of the systems engineering-oriented perspective were founded 

engineering approach to product development processes [8]. Describing a 
product, he refers to it as system of objectives, which is the sum of the 

the requirements are hierarchically structured according to their importance 
and the chronology of the sub-requirements. The result is the requirement 

developing object system and of the development- or operation process. The 

these approaches, but he did not apply them consistently in practice. In the 
-

-
tems. Steinmaier reduces this approach and combines operation system and 
process system again to one operation system [18].

Fig. 1: System of objectives, object system in the product development process

In the systems engineering approaches, similar as in the problem solving 

object system as actual state. With these systems engineering approaches, 
the product development can be described as the transfer from a system of 
objectives, being still vague at the beginning of the product development, to 
a concrete object system. I.e., the core activity of the product development 
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-

of technical systems model in seven steps [20]. The process model of Pahl 
and Beitz reduces the process to four main stages [13]. Both process mod-

-
cess. These process models are sub steps of the product creation process and 
separate the development and design from the remaining product life cycle. 
In the nineties, it was recognized that the process steps in the development 

Ehrlenspiel [8] resumes this approach and integrates the personal, informa-
tional, and organizational aspects into the product development process; he 

the complete system, e.g. customer, product, production, human resources, 
methods, etc., are examined holistically.

Fig. 2: Stages of the product lifecycle [3]

life cycle and emphasizes the overlapping and parallelization of the stages 

starting point. Albers incorporates the entire life cycle.
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Cooper describes the change of the development processes in three gen-

a supplier-to-costumer relation. The further development of the processes 
leads to the stage-gate approach of Cooper’s second generation, in which 
the single stages are separated by gates. The approach of the third generation 
is Cooper’s request to replace the gates of the single stages by fuzzy gates. 

coordination of the complex interaction of the stages and the establishment 

2.2 Problem Solving Processes

Basically, a problem can be described as delta between the target state and 

and the planning situation. In the emergency situation, the actual state de-
clines and the target state remains the same, whereas in the case of the plan-
ning situation, the target state as objective is actively changed so that the 

Fig. 3: Problem situations 

objective by changes or operations of the given actual state. This schema 
can be considered as closed loop [17]. This closed loop is repeated in it-
erative steps, until the desired state is achieved. For this purpose, a variety 
of problem solving cycles and models were developed. Here, the problem 

which is substantially adapted to the system technology or systems engi-
neering. This process represents the stage-oriented procedure of the product 
development, i.e. a macro process. Most problem solving models have not 
been established as standard process. In practice, stringent problem solv-
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ing methods for emergency situations are of a greater importance, here, the 

process for customer complaints [16].
-

procedure for the solution of problems with different boundary conditions 
and complexity degrees. With its help, an effort and time minimization 
as well as a solution optimization and safety maximization for the prob-

method are the future-oriented as well as the spontaneously occurring 

/effort relation. Here, the procedure is not to be applied dogmatically but 

-
native solutions, 4. selection of solutions, 5. analyzing the consequenc-

Fig. 4:

2.3 A Reference Model for Development Processes

In general, product development can be understood as problem solving. In 
the product development process, the problem solving has two dimensions: 

solving of the single stages from the situation analysis to the recapitulation 

product life cycle as the macro-logic and micro-logic of the product devel-



49Albers, Meboldt

opment [9]. Based on these different approaches, a reference model for the 
product development was created that displays the different dimensions and 
supports the different views and approaches.

Fig. 5:

The core element of this model is the holistic referencing to the system 

entire product development process. The base of the process is the system of 

-
evant objectives and their dependencies and boundary conditions that are 
relevant for the development of the right solution – from the current actual 
state to the future actual state; the solution itself is not included [12]. In 
the course of the product development process the system of objectives is 
constantly expanded and concretized. The correct, continuous and complete 
collection and adaptation of the objectives is the foundation of a successful 
product development and a decisive part of the development activity. From 
this system of objectives the socio-technical operation system is derived, it 
includes structured methods and processes, as well as the resources involved 
in the operations for the achievement of the objectives. The operation sys-
tem creates the system of objectives and the object system.

The result of the operation system is the object system, the implemented 
solution of the system of objectives. The object system is completed, when 
the planned target state corresponds with the actual state. Object systems 
are not only material systems, but also immaterial systems, e.g. in the case 
of software and services [8]. The object system comprehends the operation 
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results developed for the problem solving or the achievement of the system 

the object system are subject or result of the operation system. The prob-

system. All process steps are structured and documented according to the 

-
cessful for the implementation and documentation of problems. Especially 
the standardized procedure enables the interchange ability. The process step 
is the basis for a standard language for the dealing with problem situations 
in different domains. The interactions of the single stages of the product de-

on the system of objectives. If e.g. the problem containment of the idea stage 
-

sis of the production planning is started, the results are replaced in all stages 
of the system of objectives and made available for all stages.

3 Conclusion

This reference model creates a problem-oriented process control during the 
entire life cycle. At the same time, all process steps can be development-
methodologically supported. The continuous model enables a standard lan-
guage on the micro and macro level in the product life cycle and standardizes 
stage- and domain overlapping views of the product development process. 
With this reference model Cooper’s demand for a development process of 
the third generation is realized, stage changes and interactions are situation-

process. With the documentation of the process model, the single steps of 

also the entire life cycle. The reference model creates new possibilities in 
the methodical process support. Each step in the process, the cross point 
between micro- and macro cycle, can be provided with suitable auxiliary 

reference model offers many possibilities especially with its stringent divi-
sion between system of objectives, object-, and operation system and the 
separation of the single steps of the problem solving. 
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4 Perspectives

-

and penetration in only a short time. In a larger development project with 

platform for a product development process and tested it with regard to its 

model can be an ideal substructure. In further research projects, the refer-
ence model of the product development will be applied to an Internet-based 

controlling will be carried out for the entire development.
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Abstract
The evaluation of innovative ideas and products with regard to their success po-

challenge for research and development departments as well as for management. 
Therefore a new evaluation method was developed to quantitatively determine 
these two characteristic values. The basis of the new method is Quality Function 

Keywords
Evaluation Method, Degree of Innovation, Innovation-management

1 Introduction

-

realisation [1]. In order to successfully develop innovative products, meth-
ods are necessary which are particularly related to the innovative parameters 
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A review of the literature regarding development processes for new 
products indicates that there is still no quantitative appraisal and evalua-

requirements and their conversion into product requirements is necessary. 

criterion for quality. 
A new evaluation method should be able to identify the chances of mar-

product ideas and products. The objective of this new evaluation method is 
the determination of quantitative parameters to measure these two abstract 

Conventional methods, such as selection and evaluation methods, or 

to evaluate innovative ideas and products according to the objectives of the 
new method. Even if these evaluation methods of design engineering are 

-
-

vation.

2 The Key to the Solution

not only has to be new, but also successful
-

ucts to both the customer and the manufacturer and if it is accepted on the 

A product innovation is the successful realisation of a creative new 
idea or invention with an enhanced customer and manufacturer ben-

-
es the problem of how to quantitatively determine the degree of novelty and 

Since



55Binz, Reichle

customer requirements and their conversion into product requirements. To 
achieve this, the solution approach uses elements of the QFD method. Based 

-
ing steps:
1. Product survey by means of the QFD method to obtain important 

parameters from the customer and product requirements for the eva-
luation algorithm.

of the product.
-

ment by modifying the QFD matrix.
4. Creation of an evaluation algorithm to determine the success potential 

and the degree of innovation.

These solution steps are the basis for the new evaluation method which is 
described in the following [5].

Fig. 1: Solution approach for the evaluation of innovative ideas and products


