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PLATFORM STRATEGY FOR COMPLEX PRODUCTS AND SYSTEMS

1.1 Introduction
In recent years, managers in many industries have witnessed extensive changes
in their environments. Among these changes is the increased importance of a
firm’s ability to rapidly deliver products that are both first to market and highly
customized (Pine, 1993). In their pursuit of managing the cost of product
variety, firms in most industries are increasingly considering platform-based
product development. Platforms are defined as intellectual and material assets
shared across a family of products (Robertson and Ulrich, 1998). Platforms
have numerous advantages such as design reuse, which reduces design costs;
front loading of effort in design and development, which results in a better
architecture; in some cases tighter integration and therefore lower variable
manufacturing costs; and enhanced responsiveness to customers through the
ability to quickly develop derivative products (Krishnan and Gupta, 2001).
Certainly, the current literature on product platform development has received
much attention due to the above mentioned advantages. However, this thesis
argues that platform applications in those industries that produce complex,
capital-intensive, products (or ‘systems’) have received insufficient attention.
These industries produce complex, one-off, capital intensive products, or so
called complex products and systems (CoPS). Examples of such industries are
ship building, oil rig production, industrial machinery, and aerospace. Hobday

1

1 INTRODUCTION

(1998) states that CoPS tend to be project-based, costly, and customized,
and therefore differ in terms of the dynamics of innovation and the nature of
industrial coordination from other types of products, particularly from mass
produced, relatively simple products. Later in this thesis it will be argued that
there is even a notorious difference with customized mass production of
more complex products as in automotive industry. Moreover, general project
management differs fundamentally from product development in CoPS due to
the complexity of change decisions in complex product development (Steffens
et al., 2007). In this thesis, the characteristics of these products will be used
to highlight three fundamental problems that emphasize the need for specific
platform strategies.
First, these products often require additional engineering when first promised
to customers and, therefore, the product design cannot be frozen at release to
production. In contrast to mass production and mass customized production
firms, the functional range of products to be delivered within a CoPS family is
not fixed when the first products are released. Despite this, current platform
strategies are based on the assumption that the elements constituting the
platform are stable once the platform is released to production (ignoring the
fact that platform strategies should cover reuse and reconfiguration of design
elements that may be confronted with engineering changes). Therefore,
these CoPS firms have a low number of end-products from which to leverage
platform advantages.
Second, these products typically have long life cycles which lead to a
multifaceted interplay between development, engineering, production, and
service. Within a CoPS family, new editions of products and components are
created and, therefore, the platform is altered over the life cycle of a family.
Third, product development is today often highly complex and science-based
and, consequently, it requires an ability to rapidly implement new scientific
discoveries in new products. This subsequently leads to engineering changes
to physical parts that may be reused from previous products in a platform.

2

PLATFORM STRATEGY FOR COMPLEX PRODUCTS AND SYSTEMS

This thesis will show that CoPS require specific platform and engineering
change management strategies. Brown and Eisenhardt (1995) articulate a need
for research in non-automotive industries in order to ensure that principles
found in the automotive industry are not inappropriately applied in others
without understanding the industry specifics. Platform methods applied in,
for example, car manufacturing cannot easily be applied in CoPS. Further, a
special issue of the journal ‘Research Policy’ addresses the need for CoPS
research arguing that they play a vital role in the economy (and society) but
remain underrepresented in research and that, as a consequence, there is a
lack of understanding to support decision making over innovation in CoPS
(Hobday, Rush, and Tidd, 2000). Moreover, recent developments in innovation
management have highlighted a need for research in those industries, both in
managing engineering change (e.g. Gil et al., 2006; Nightingale, 2000; Huang
and Mak, 1999) and in managing product platforms (e.g. Halman et al., 2003;
Hofer and Halman, 2004).
Given the increasing number of such industries, there is a growing need to
develop specific knowledge about product platform strategies that fit those
firms confronted with engineering changes during a platform life cycle. New
insights have to be developed in order to get a better understanding of the
relationship between the growing internal complexity of relatively unique
products and the organizational processes that support design reuse in such
product development processes. Our goal is to fill this gap in the literature by
developing platform and engineering change management strategies that fit
the needs of CoPS firms.

1.2 Research focus and main research question
In this study, we will continue along the lines proposed by Muntslag (1993) and
Erens (1996) by developing concepts to describe, analyze, and design product
platforms in CoPS.
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The thesis will explain how, among the most important aspects, the adopted
type of platform management relates to:
1.
2.
3.
4.

the type of engineering organization,
the products that are derived during platform life cycles,
the elements that constitute the platform,
the platform elements that are reused, or changed, over the life cycle of
development projects.

In this thesis the focus is on investigating the potential of platforms in CoPS
firms. In such firms the aspects mentioned above are intertwined, because
they often allow customers to specify in detail their needs in the beginning
of an order, or during order realization, and sometimes they allow change
after delivery. As such, the engineering work that is employed is very
much connected to individual customers (Concept 1; type of engineering
organization). Consequently, field changes often are required when a customer
desires new product applications. This all asks for a flexible product delivery
strategy, and thus affects the way products are derived from the platform
during its life cycle (Concept 2; platform life cycles). This practice also influences
the elements that constitute the platform, because new demands of customers
during a platform life cycle often require firms to change the generic physical
elements that constitute the platform (Concept 3; types of platform elements).
The change of physical components calls for a reuse of intangible elements. In
addition, this process of making continuous alternations to products, requires
advanced engineering change management and project management
(Concept 4; engineering change in balance with reuse). Taken together, these
concepts form the framework of the thesis. Given this research focus, the main
research question is:
What are implications of the type of engineering organization adopted for the
life cycle of a platform, the elements that could comprise the platform, and the
management of engineering changes to the platform over its life cycle?

4
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This introductory chapter will briefly explain the position of these concepts
within the thesis. Firstly, we will introduce, in Section 1.3, the terms platform
and product family, together with the elements that constitute the platform
(box 3 in Figure 1.1). Secondly, in order to provide a solid basis for discussing
reuse within these industries, the concept platform life cycle is introduced in
Section 1.4 (box 2 in Figure 1.1). Thirdly, the engineering organizational types
that this study distinguishes are presented in Section 1.5 (box 1 in Figure
1.1). Next, the tension between reuse and engineering change is introduced
in Section 1.6 (box 4 in Figure 1.1). Finally, the most important terminology
used in the thesis is explained in Section 1.7 and the research objectives of the
different parts of this thesis are provided in Section 1.8.

1.3 Product platforms, product families and types of platform
elements
From reviewing the literature, it can be stated that platform management has
been elaborately studied over recent decades. This has resulted in knowledge
about:
•

platform performance measurement: for example the metrics as proposed
by Meyer and Lehnard (1997) and by Meyer, Tertzakian, and Utterback
(1997) and the work by Krishnan and Gupta (2001) who investigated the
appropriateness of platforms;

•

definition of platform elements: such as platforms that are based on
components (Meyer and Lehnerd, 1997), platforms as a collection of assets
(Roberson and Ulrich, 1998), a platform as a collection of common elements
with an underlying technology (McGrath, 1995), and a platform based on a
set of common aggregated layout elements (Halman et al., 2003);
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•

application domains: for instance consumer electronics (e.g. Sanderson
and Uzumeri, 1997; Lehnerd, 1987), the automotive industry (e.g. Muffatto,
1999), and the aerospace industry (e.g. Sabbagh, 1996);

•

strategies: such as a top-down proactive approach to platform
development and a bottom-up redesign approach (Simpson et al., 2001)
and configurable platforms based on modules or scale-based parametric
platforms (Simpson et al., 2001).

In this thesis a product family is defined as a set of products that share a set
of common elements, but each having a specific functionality and choice of
features to meet the requirements of different sets of customers (e.g. Meyer
and Lehnard, 1997; Sundgren, 1999). Thus, a family is, metaphorically, the
‘union’ of a set of related products (see Figure 1.2). Further, a product family
is characterized by a group of shared elements in these related products. The
shared collection of related, but distinct, elements constitutes the platform
on which the family is built. In this thesis, ‘family’ refers to a set of distinct
products that are derived from a product platform to satisfy a variety of
market niches (Simpson, 2003). A product platform comprises the ‘intersection’
(metaphorically speaking) between those products. Figure 1.2 illustrates the
relationship between the platform and a product family.
In striving to obtain benefits from product platforms, many firms typically
relate product platforms to modular architectures. Modularity is then defined
as a unique mapping of functions to components (see Suh, 1990; Ulrich, 1995).
Most platform studies focus on the development of product families based on
common modules. As such, the intersection between products is based only
on modules. However, the commonality between products may also be based
on functions chosen to be offered to a range of customers and/or applied
technologies. This thesis will show that although modularity makes platform
management easier, platforms are also applicable in environments where
traditional modularity is difficult to achieve.
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To illustrate which elements could constitute a platform, our work extends a
line of research that categorizes product design in various distinct domains
(e.g. Suh, 1990; Kota and Lee, 1990; Albano and Suh, 1992; Ulrich and Eppinger,
1995; Pahl and Beitz, 1984, 1996; Erens and Verhulst, 1997). Among various
important domains that could be covered by platforms, this thesis will
show that platform elements can be anchored on the function domain, the
technology domain, and the physical domain. The functional domain covers all
the documentation on the set of requirements of a product (the ‘what’), while
the technology domain comprises all documents on the solution principles that
are going to deliver these functions (the ‘how’). Note that requirements in the
functional domain do not only specify functions (‘what the product should do’)
but also performance values that define ‘how well the product should perform
the function’, which determines the required properties of the technical
solutions. For example, the technology needed for the ‘positioning’ function
is defined by various performance values concerning ‘positioning accuracy’.
The technology domain is generally divided according to discipline, such as
mechanical, electrical, optical, and software. Documentation on solution
principles is expressed in the appropriate language for each field. The physical
domain comprises the implementation (often the tangible materialization) of
the solutions described in the technology domain.
Accordingly, the types of elements that can be reused across products define
the possible platform strategies. This thesis will show that, although the
generic principles of platform management still apply, different platform
elements require different platform strategies. Later chapters in this thesis
(Chapters 4 and 5) will present a new platform concept, labeled the functiontechnology (FT) platform, that is based on reusing and structuring functions
and technologies.
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1.4 Platform life cycle
The life cycle of a platform describes its state transitions between its initiation
and end-of-life. During the life cycle of a platform, a family of products can
be created in several ways. On the one hand, a family can be created by the
addition of new products that are based on the first product within a family.
For example a new, customized voltage system can be designed for a lead
customer based on a previous design. As such, a family becomes a collection of
related products that are based on revisions of previous editions. On the other
hand, products can be derived from one generic platform. For example, today,
cars are configured from a set of building blocks. Although, in the development
of CoPS products, the nature of design reuse differs (see Section 1.3), both
these mechanisms are found in firms producing CoPS.
This thesis will show that, during the life cycle of a platform, new product
designs are derived from existing designs in two ways, namely version reuse
and variant reuse (see Figure 1.3). Firstly, in version reuse, a new design is
based on a previous design and, consequently, the new design is achieved by
changing the previous version. Secondly, in variant reuse, the new product
design is derived from a platform design. In this situation, the generic parts
of the platform design are inherited by a specific new product at some point
in time. This new product is created by re-engineering parts of a product or
configuring existing parts in a new way. In essence, industries vary in their
mode of product derivation and, therefore, differ in the reuse mechanisms
behind the platform.
In mass production, firms create a new design of a discrete product by extracting
principles from previous versions. Therefore, the reuse mechanism can be
characterized as ‘version reuse’. A new version of a discrete product is created
by proposing and accepting an engineering change to a previous version of
a design. In mass customized production, a new product family and a new
platform are developed simultaneously, based on previous platform versions.
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Releasing the new product family and new platform defines the components
that will be reused across the product variants. As such, the platform is based
on a set of common components within a family. Consequently, the range of
functions that are delivered across a family is predefined.
In contrast to the abovementioned industries, CoPS firms typically deliver a
family of new products both by developing new versions of previous products
and by creating variants that have a common platform. Therefore, the platform
is subject to change, because the inclusion of a new product may lead to a
decision to change the platform. Thus, although the products may appear as
one-of-a-kinds, much reuse is achieved by extracting knowledge from previous
or parallel platform versions and variants. The platform strategies previously
described in the literature do not cover the complexity of maintaining
commonality in a family of products that is subject to progeny. One major
contribution of this thesis is the definition of a platform strategy that fits the
needs of such CoPS environments.
The abovementioned differences in modes of product derivation across
several branches of industry are summarized in Table 1.1. It is important to
distinguish between the various modes of product derivation because the
mode has significant impacts on the platform strategy. Later chapters in this
thesis (Chapters 2 and 3) will show that, due to progeny within a family, the life
cycle of a platform has to be maintained. Further, it will be demonstrated that
this leads to a new platform notion, the elements of which lead to version and
variant configuration rules that can be applied to intangible platform elements.
This makes variant-based engineering more realizable (see Chapter 4).

1.5 Types of engineering organizations
For CoPS industries, the freedom of a customer to specify engineering work
has a tremendous impact on what elements can be used in a platform.
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Industry

CoPS

Mass customized Mass produced

Product variety

Mixed (derivation Mixed (derivation Reversion
and revision)
and revision)

Design after
release

Adaptive

Frozen/adaptive

Frozen

Typical sector
examples

e.g. Industrial
machinery,
Aerospace,
Bespoke
software

e.g. Cars,
Personal
computers

e.g. Commodity
goods, Radios,
Televisions,
Watches

OSL

Type

1

Engineering based on a specific technology

2

Engineering based on predefined product families

3

Engineering based on predefined sub-functions and solution
principles

4

Engineering based on predefined product modules

5

Engineering based on predefined finished goods

Table 1.1 Modes of product derivation
Table 1.2. Order independent engineering
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Muntslag (1993) developed five order independent specification levels (OSL)
to characterize engineering work that can be carried out before the customer
order is known. More specifically, these levels define the amount of engineering
work that is connected to a customer’s specifications. The definition used in
this thesis is an adapted version of Muntslag’s (1993). In this thesis, we define
the order specification levels (OSL) not only as the engineering work that is
independent of a customer order, but also as the freedom of the engineering
department to develop products independent of customer specifications. In
some situations, there will be no concrete customer orders but, nevertheless,
the engineering work is not fully independent of the customer and there are
specifications and restrictions defined by potential customers.
With OSL 1, the engineering organization only delivers customized solutions
to individual customers; as such, the engineering organization becomes highly
project based. In OSL 2, a firm has chosen a specific family, together with a set of
specific technologies. In both OSL 1 and OSL 2, most of the engineering design
work is connected to a specific customer order. With OSL 3, a firm has opted
for specific functions together with a set of solution principles for the delivery
of customer products. An engineering firm on OSL 4 has decided which subfunctions it will deliver and has developed a set of specific product modules
to achieve this. With OSL 5, most of the engineering work is planning driven,
and the engineering organization aims to develop a range of products within
a product family. As such, standardized product solutions that satisfy ranges
of customers can be developed. Table 1.2 presents the order independent
specification levels, with brief descriptions in column 2 adapted from Muntslag
(1993).
In this section, the OSL is discussed on the organizational level. However,
within organizations it can, in many cases, differ by function, technology, or
component of an end-product. Consider, for example, the functional aspect
‘safety’ of an aircraft. All safety related items are under strict change control
based on international regulations and, as such, cannot be changed by
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customer-specific engineering. However, substantial parts of a plane, such as
all components related to ‘comfort’ and ‘exterior’, are open to customer-specific
engineering. Many CoPS firms compete somewhere between these extremes
(see Table 1.2) and try to find a balance between one-of-a-kind product
deliveries (OSL 1) that satisfy customers without product reuse, and order
independent engineering (OSL 5) where they can maximize product reuse
albeit with the risk of becoming less innovative and customized.
Based on these OSL levels, we further suggest that, in addition to known
platform applications, the freedom of customers to specify specific engineering
has profound implications for platform strategy. Given that CoPS are often
subject to customer-specific engineering, the common elements in a family
of customer-specific products cannot always be specified in terms of physical
components. In this thesis, the OSL levels are used to illustrate the differences
in engineering organization and consequently in platform strategy. In addition,
they provide a foundation when it comes to consolidating and presenting
the overall results of the thesis in Chapter 6. In the following we will briefly
describe the difference between the activities of ‘research and development’
departments and ‘design and engineering’ departments. In general, the design
function within a firm includes engineering design and industrial design
(Ulrich and Eppinger, 2000). Engineering design covers multiple disciplines
including electrical, mechanical, software, civil and architectural engineering,
that develop and describe the inner workings of a device. Industrial design
relates to the activities that optimize the value (utility, appearance, etc.) of
products from the perspective of a user. In firms these activities are mostly
done by design and engineering departments. In this thesis we refer to all the
activities that relate to industrial and engineering design within development
and engineering departments as ‘engineering work’.
Engineering differs from the activities of research and development because
the latter is more related to science. In general, these activities differ since
designers and engineers try to transform reality into preferred situations, while
(in particular empirical) scientists mainly attempt to understand the world
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through the pursuit of developing knowledge by abstracting reality. Thus,
the activities of research and development departments are more closely
connected to science, and thus relate to understanding reality. However, in
contrast to universities that often aim on knowledge creation per se; the aim
of research and development departments is to develop solution principles
that potentially transform reality. As such, the activities of a research and
development department differ from the activities engineering departments
that focus on creating a design.
The above mentioned distinction influences the properties engineering
work in relation to customers. In OSL 1 or 2 typed engineering organizations,
solution principles might have to be developed by research and development
departments for a specific customer or a set of customers. Thus, customers
can also impact research and development work. However, research and
development activities are mostly planned driven and in corporation with
research centers and universities, because of the substantial risks to develop
solution principles with no direct commercial application. Furthermore,
within firms other engineering activities exist, such as production and service
engineering. However, although these activities can be planned driven or
customer driven, the above mentioned model mainly aims on the activities
related to the creation of products (e.g. engineering design, and industrial
design) here referred to as ‘engineering work’.

1.6 Engineering change in balance with reuse
An important characteristic investigated in this thesis is the balance between
engineering change and platform reuse. The type of the engineering change
and its impact on the platform has a tremendous impact on the platform
strategy. The type of engineering change can be described using an innovation
typology as proposed by various authors (see, for example, Henderson and
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Clark, 1990 or Sanchez and Mahoney, 1996). Henderson and Clark (1990)
distinguish the following innovation types: (1) incremental innovation, (2)
modular innovation, (3) architectural innovation, and (4) radical innovation. As
such, the innovation type reflects the proportion of a platform design concept
that is changed relative to what is reused.
Incremental innovation refines and extends an established design by improving
the individual components while the underlying core concepts, and the links
between them, remain the same. A modular innovation is an innovation that
changes a core design concept, but without changing the product's architecture.
An architectural innovation involves the reconfiguration of an established
system to link existing components in a new way. Henderson and Clark (1990)
state: “architectural innovation is often triggered by a change in a component,
perhaps size or some other subsidiary parameter of its design, which creates
new interactions and new linkages with other components in the established
product”. Radical innovation establishes a new dominant design made up of a
new set of concepts, components, and architecture. An engineering change
involves a change to the ‘core concepts’, or to the ‘linkages in between’, or even
both. As such, an engineering change defines the proportion of a design that
can be reused in a new innovation (see Erens, 1995).
Extending these insights to the OSL levels described earlier, it can be stated
that with a specification freedom of OSL 2 or 3, the engineering changes
are mostly radical, modular, or architectural and, thus, the proportion of
physical artifacts that can be reused in a platform is limited. However, with a
limited freedom of specification, the traditional notion of physical platforms
can be applied. In designing new CoPS, the innovations are often quite
radical, modular, or architectural due to the innovativeness and the freedom
available for customized engineering. As such, CoPS can be characterized
as having a moderate level of specification freedom, i.e. OSL 2-4. However, a
large proportion of the intangible design will be reused from other designs.
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This explains the need for function-technology (FT) platforms, a concept that
rationalizes the reuse of intangible design artifacts in designing new products
based on innovations that are incremental, modular, architectural, and radical.
In contrast to FT platforms, traditional platforms are changed when confronted
with radical and architectural innovation types. Extending the above mentioned
principles to platforms, incremental innovations do not impact on the platform
architecture, whereas the commonality within the platform is lost due to
changes in architectures. Thus, if innovations are incremental, the engineering
changes can probably be isolated within modules and so the platform
architecture remains unharmed. In radical innovation, the architecture will also
change and thus the complete platform ceases to exist. What this shows is that
the nature of the engineering changes determines which platform types can
be used.
In Chapter 3 we will show that, for the maintenance of a platform, platform
change attributes need to be defined so that changes to the platform can be
tracked. If a firm decides to deliver products based on limited specification
freedom anchored to common modules (such as in OSL 4) then radical changes
to, for example, the‘technology’attribute should be avoided. Chapter 4 will show
that, in OSL 3 and 4 type firms, when the nature of the innovation is radical and
the specification freedom relatively broad, the concepts that can be reused in a
platform have an intangible nature. This new platform notion, further defined
in Chapter 4, is called a function-technology platform. Based on an extensive
field study, that chapter postulates that product platform commonality can
be based on functions, technologies, and physical artifacts. Whereas physical
platforms are based on physical modules, function-technology platforms allow
structured reuse of intangible functional and technological design artifacts
in the development of a family of new products. In addition, Chapter 6 will
discuss the dynamics in managing engineering change in platform projects.
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1.7 Terminology used in the thesis
The following summary presents the most important terminology used in this
thesis. Some of these terms are more formally defined in Chapters 3 and 4.
Product
platform

A product platform is the collection of assets or elements
(i.e., components, processes, knowledge, people, and
relationships) that are shared by a set of products (internal
definition) together with the selection rules of these artifacts
within a product family to deliver various configurations
that differ in terms of functionality (external definition).
In this thesis we refer to an internal platform as ‘physical
platform’ when the common elements comprise physical
components, and we refer to the ‘function-technology (FT)
platform’ when the platform elements comprise functions
and technologies. The external platform definition used in the
thesis relates to the selection rules a customer can choose to
configure physical variants (in the case of a physical platform)
or to select engineer variants (in the case of an FT platform).

Product
family

A product family is here defined as the set of products that
share a set of common elements while each having specific
functionality and choices to provide features required by
different sets of customers.

Variant

The parameterization of product instances is achieved by the
dimension of variants. It is important to note that variants
differ from versions: variants are derived from generic
objects by choosing from various selection attributes that
define the object variant. Near identical instances of the
same product type or platform are referred to as variants.
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Variant-based
reuse

A new product design derived from a platform, where the
generic platform artifacts are reused.

Version

New versions emerge when new objects are created by
changing existing objects, usually with the effect of making
the existing object obsolete.

Life cycle
and state

The life cycle of an object describes its state transitions
between initiation and end-of-life. A state comprises attribute
values of an object at a certain point in time; for example,
documents can evolve through initiation, for review, final
ized, and obsolete states, driven by the completeness of the
documents.
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Engineering
change

An engineering change is defined as alterations to products,
designs, documents, etc. after their release to other
organizational functions (production, purchasing, sales,
service, etc.)

Engineering
change
management

Engineering change management refers to the management
of the process of making alterations to physical components,
designs, documents, and/or functions that are released in a
formalized form.

Representation, view and
domain

Whereas a representation is a comprehensive model in a
single domain described in a specific formalism. A view
is a model which can be derived from a other model by
eliminating certain details and by enriching the presentation.
A view is derived from a representation. A design can be
characterized by several domains which, while being closely
related, exist separately from each other.
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Functional
elements,
functional
domain

Functional elements are operations and transformations that
influence the performance of a product as a whole. These
elements do not influence the appearance of a product and
are often defined by specific technologies, components,
and the physical working. The functional domain represents
a comprehensive model of all the functional elements of a
product (the ‘what’).

Functional
cluster,
modular

Functional groupings in the functional domain are referred
to as functional clusters (FCs). FCs are deemed modular if the
couplings between functional elements within the cluster
are stronger than the couplings among clusters.

Technology
domain

The technology domain comprises all the model of the
solutions which are going to deliver the desired functions (the
‘how’). The technology domain defines what technologies
are needed in order to achieve the required functionality.

Technical
cluster

Technical clusters are groupings of technologies that are
stable in terms of the functionality, and grouped in such a
way that they together describe a machine function.

Physical
domain

The physical domain comprises the implementation (often
the tangible materialization) in physical elements of the
solutions described in the technology domain. Physical
elements are parts, components, and subassemblies.

Production
module

Optimal grouping of physical elements.
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Functiontechnology
(FT) platform

A function-technology (FT) platform is defined as the
anticipated common functional and technological
architectures and the allocation principles between the
functional domain and the technology domain.

Order
specification
level (OSL)

The order specification level describes the lowest product
specification level that can be defined independent of a
customer order. It clarifies what proportion of work can
be done before a customer order is accepted or specific
lead customer specifications defined. In this thesis, when
we refer to engineering work we mean all the engineering
activities related to a product (design engineering, product
engineering, etc.).

1.8 Research questions and thesis structure
Based on the above discussions, it can be concluded that the product derivation
modes and the type of engineering organization have considerable impact on
the way platform reuse is organized. This thesis will discuss that the product
derivation mode defines how the mechanism works in generating derivatives:
the artifacts derived from a platform or based on previous designs. Further,
it discusses which elements should be reused (technologies, components,
parts, etc.). Within the context of these questions, we study the interactions
between industry-specific CoPS characteristics and generic product platform
management issues. In Chapters 2 to 6 several aspects of this overall theme
are addressed. Anchored to the framework (in Figure 1.1) each chapter will
discuss one or more aspects of platform strategy. Next, the research questions
addressed in this thesis are discussed in detail.
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Part I
Platform life cycle management in CoPS
In Part I (Chapters 2 and 3) the focus is on the mechanisms behind product
derivation. A major issue that deserves careful attention is the role of product
platforms during later stages of the product life cycle. Product life cycles
follow transitions along the lines of initiation, first version, market launch,
and end-of-life. In firms producing CoPS, the first version of the product
platform is altered through engineering changes that result in new versions.
However, development and manufacturing traditionally focusses on product
families and not on single products. Platforms are in such OSL 5 engineering
organizations frozen after their release to production. Too little attention is paid
to the evolution of platforms over their complete life cycle or to the impacts
of engineering change on the efficiency of procurement, manufacturing, and
maintenance. Thus, in all the other types of engineering organizations (OSL
1 to 4), platforms are expected to be subject to transitions to new versions.
Extending this view of OSLs at these levels, the current study investigates the
potential of life cycle management for product platforms in OSL 1 to OSL 4
organizations. This brings us to the first research questions addressed in Part I
of the thesis:
•

RQ 1: What are differences in platform approaches seen in various branches
of industry?

•

RQ 2: What are the requirements for platform life cycle management
applied to complex products and systems with due regard to development,
production, and maintenance aspects?

Chapters 2 and 3 respectively elaborate on these research questions. Chapter
2 will describe the nature of platform life cycles in various industries, while
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Chapter 3 considers CoPS platform life cycle management in a OSL 3 to OSL
4 based firm. In Chapter 2, based on case study data, we analyze the life cycle
of platforms in various industries including industrial machinery, aerospace,
automotive, and product software. The most important outcome is that
Product Platform Life cycle Management (PPLCM) should be distinguished
from the more common Product Life cycle Management (PLM). Chapter 2 has
been separately published as Wortmann and Alblas (2009).
Chapter 3 will present the results of a study on CoPS platform life cycles that
responds to RQ2. It discusses how CoPS firms can manage the impact of platform
changes on downstream procurement, production, and service phases. Based
on a case study, several important requirements for the management of
platform changes are identified. Firstly, the platform change attributes should
be clearly defined. Further, product platform life cycle management (PPLCM)
is required in order to support impact analysis during the platform life cycle.
Finally, data management regarding platform versions and changes has to be
organized. Chapter 3 is based on Alblas and Wortmann (2010).

Part II
Function-technology platforms in CoPS
Following the requirements for CoPS platform life cycle management in Part I,
the second part of this thesis (Chapters 4 and 5) discusses solution principles
to configure platforms in CoPS. Previous platform research has focused on
platforms in consumer goods industries where the design is stable once it is
released (OSL 5). However, in other industries many products are delivered
based on customer-specific engineering (OSL 1 - OSL 4). These products are
often project based and frequently require additional engineering for specific
customers (OSL 2 - OSL 4). As such, the research question for this part of the
thesis is:
•
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RQ 3: Which elements can be used as platforms in science-based firms that
deliver complex products and systems (CoPS)?
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Chapter 4 is based on an in-depth longitudinal field study in the same company
as the studies referred to in Chapter 3. An important result of this study is the
need for a new platform concept, that is based on functions and technologies.
This new platform concept is called the function-technology (FT) platform.
By this it is possible to reuse intangible platform elements such as design
documents covering technological solution principles. Chapter 5 builds on the
findings of Chapter 4 by formalizing the FT platform concept by means of the
Unified Modeling Language (UML). This formalization can be used to generate
technical variants in PPLCM systems.

Part III
Engineering in balance with reuse
Part III of the thesis focuses on the planning of changes in platform-based
projects. During the life cycles of products and platforms, projects are influenced
by engineering changes. These changes cause significant disturbances to
derived products: they lead to unpredictable effects in project plans. Typically a
family of CoPS products is developed at the same time in versions and variants.
As such, many reciprocal relationships exist between parallel projects. The
process of making alternations to products is called the ‘engineering change
management’ process. In addition, ‘design process planning’ refers to all the
planning activities involved in development projects. These interrelations
between the design process plants within projects and engineering change
management is not well understood in CoPS firms.
Therefore, Part III (Chapter 6) discusses issues related to the bidirectional
effects between design process plans and engineering change management.
Consequently, it addresses the following research question:
•

RQ 4: What are the effects of engineering changes on platform design
process plans and, conversely, what are the effects of platform design
process plans on engineering change implementations?
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Part IV
Summary and Discussion
In Part IV, Chapter 7, the overall conclusions drawn from the thesis are discussed.
Based on a synthesis of the results of the various studies completed, a new
approach towards the role of platform elements, platform life cycles, platform
reuse and change in various OSL situations is postulated. This will show that
the results of the study mainly apply to CoPS employing customer-specific
engineering (OSL 2 – OSL 4), and that the findings of the study can be linked to,
and explained by, the OSL levels introduced in Section 1.5.

1.9 Overall research design and methodology
This section summarizes the general methodological assumptions that form
the foundations for answering the questions outlined above. It discusses our
epistemological stance, followed by the validity criteria on which we could test
our assumptions.
A crucial starting point to this study is the desire to unfold and expose the nature
of platform and engineering change management in CoPS. The factors behind
these processes were not directly observable by the participants within the
research setting. In our study, the participants often acted intuitively without
really knowing the mechanisms behind their decisions. Therefore, given this
type of research question (focusing on the ‘how’), we needed to investigate the
deeper underlying factors rather than rely on ‘surface’ indicators that could be
measured using questionnaires.
In organizational research discussions, there is an ongoing discourse about
various paradigms and their consequences for research methodology
(Bradbury and Lichtenstein, 2000). In particular, the basic assumptions about
the relationship of the researcher with the research object are often seen as
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indicative of the appropriate methodological choices. Organizational research
deals with complex, ‘in vivo’ situations, where the researcher is confronted
with a multi-factored inter-relative system of aspects. In fact, the associated
approach lays the focus on the relationships between these aspects. Therefore,
alongside induction and deduction, abduction can form the basis for theory
creation.
The epistemological stance also determines one’s position as a researcher
when confronted with the field. It is accepted that a researcher is part of a social
system and is thus influenced by the research environment, i.e. the people in
the research field (and vice versa: the researcher influences the environment).
Here, our research approach can be characterized as engaged research (Van
de Ven, 2007); and because of this we try not to ignore the dangers of biased
oversimplification into generic theories on the one hand, and the development
of specific rules that are only applicable to one-of-a-kind situations on the
other.
Our research topic thus required us to study, in detail, the problem in its natural
setting using several levels of analyses. This research approach aims to study
a phenomenon in its natural setting (Voss et al., 2002). With our ambition to
engage the field through in-depth study, we chose a research setting comprising
a single host company. In selecting the host company, an important criterion
was that the firm was developing CoPS with both OSL 3 and OSL 4 specification
freedoms. The resulting close connection with a primary host company gave us
the opportunity to collect data on various levels of detail. In the selected host
setting, we had the opportunity to conduct both comparative and in-depth
case studies. Thus, although our study also includes case comparisons with
other companies, the main part of the study (Chapters 3-6) are based on an
embedded multiple case study within a single host company.
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Further, choosing a single research setting provided the opportunity to collect
data over time. With this possibility, an important part of this research is based
on a longitudinal case study (Eisenhart, 1989; Yin, 2003) covering a range of
observations over time within the same host company. We were able to collect
data from various data sources, both qualitative and quantitative, over an
extended period (four years). All our research questions relate to investigating
one of the four elements of the platform strategy within a CoPS setting (see
Figure 1.1). All the conducted field studies reported in this thesis are based on
conceptual and theoretical foundations.
The chapters all start with an introduction covering the relevant literature, a
definition of the concepts used, and, based on this, a conceptual framework. In
addition, each chapter presents the methods used to investigate the specific
questions covered by that chapter.

In order to gain a clear and valid picture of the complex reality of product
platform processes, several guidelines are adhered to:
1.

Methodological and data triangulation is necessary in order to enhance
the validity of the theory generated (Yin, 2003). In this research project,
quantitative as well as qualitative methods are used (for example, in
the field study covered in Chapter 4, we compared computations with
qualitative data).

2.
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To achieve reliability it is important to repeat measurements (Yin, 2003).
This requirement has been met by repeating measures within projects, and
also by comparing results on several levels of analysis. External reliability
is enhanced by providing a detailed account of the research steps, the
theoretical foundations, and the methods used in the study so as to be
able to reproduce the results. This guideline is relevant to, and followed, in
Chapters 3, 4, 6, and 7.
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3.

In order to understand a complex phenomenon studied, the researcher
should iterate ‘back and forth’ between empirical observations and theory
(Dubois and Gadde, 2002). Although the main concepts in the construction
of the conceptual frameworks of Chapters 3, 4, and 6 did not change, the
final structure of these frameworks was based on several iterations.

4.

External validity is improved by defining clear criteria for use in case
selection, data collection, data analysis, and data interpretation. In
addition, although field researchers must always be careful in making
generalizations, external validity is enhanced by analyzing and discussing
the corroboration of the findings with previous studies. Again, this
guideline was followed because our work was rooted in the literature.

Although the research is based on rigorous criteria, case studies can always
be challenged: typical questions related to case studies concern bias,
reproducibility, and generalizability. We would argue that by strictly following
our research framework, and the associated methodology, we have tried to
minimize such risks. In addition, it should be noted that the studies conducted
corroborate an extensive body of previously reported research. Alongside the
previous research already referred to, for example on product platform and
engineering change management, this research is consistent with a strong line
of research conducted in this research tradition (e.g. Van Veen, 1992; Muntslag,
1993; De Heij, 1994; Hegge, 1995; Erens, 1996; Helms, 2001). It should also be
noted that the host company comprises many business units, sub-departments,
programs, projects, and functions, involving thousands of people, and thus
can readily be regarded as an embedded collection of cases. Alongside
the abovementioned considerations, each of the field studies presented in
Chapters 2, 3, 4, and 6 give close attention to the specific methodology needed
to answer the specific research questions addressed.
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1.10 Included publications
The chapters in the main body of this thesis are all papers that are either
published, accepted for journal publication, or under review for journal
publication. Naturally, each chapter is understandable individually as a selfcontained contribution to knowledge, but together they also provide a
coherent story on platform management in an environment of engineering
change.
The chapters are made up of the following papers (with corresponding chapter
numbers):
2.

Wortmann, J. C. and Alblas, A. A., 2009. Product platform life cycles: a
multiple case study, International Journal of Technology Management, Vol.
48, No. 2, pp. 188-201.

3.

Alblas, A. A. and Wortmann, J. C., 2010. Impact of product platforms on lean
production systems: evidence from industrial machinery manufacturing,
International Journal of Technology Management, in press.
Partly based on the paper presented at Design 2008:

4.

Alblas, A.A. & Wortmann, J.C., 2008. Maintaining product platforms in
industrial machinery, International Design Conference (Design ‘08),
Dubrovnic, Croatia, pp.261-269, ISBN 953-6313-901.
Alblas, A.A. and Wortmann, J.C., 2010. Product platforms improve R&D
efficiency in science based equipment manufacturing: evidence from a
case study in microlithography, under review.
Partly based on the paper presented at ICED 2009:
Alblas, A.A. and Wortmann, J.C., 2009. The need for function platforms in
Engineer-to-order industries, International Conference on Engineering
Design (ICED’09), 24 – 27 August, Stanford University, Stanford, CA, USA.
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5.

Alblas, A.A., Zhang, L. and Wortmann, J.C., 2010. Representing FunctionTechnology Platform based on the Unified Modeling Language,
International Journal of Production Research, invited to resubmit.

6.

Alblas, A.A. and Wortmann, J.C., 2010. Managing discontinuous change
in an established high-tech microlithography equipment manufacturer,
International Journal of Operations & Production Management, invited to
resubmit.
Partly based on the paper presented at IPDMC 2008:
Alblas, A.A. and Wortmann, J.C., 2008. Managing engineering change
effects on design process planning, Proceedings of the International
Product Development Conference (IPDM ‘08), June 30 – July 1, Hamburg,
pp. 1, ISSN 1998-7374
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In Part I the focus is on the role of product platforms during the product life
cycle. In Chapter 2 we investigate the differences in the platform approaches
seen in various branches of industry. For this purpose we analyze the life cycle
of platforms in various industries including industrial machinery, aerospace,
automotive, and product software. In Chapter 3 a discussion is presented on
the dynamics of platform life cycle management of complex products and
systems. Based on an in-depth case study we analyze the position of platforms
during procurement, manufacturing and maintenance.
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ABSTRACT
In this chapter we will investigate the differences in the platform approaches
in various branches of industry. In general, product platforms are used to
specify a (virtual) company’s offering to the market in terms of functionality
and performance. The product specification covers a range of actual products
and services and the platform includes choice features, options and external
interfaces. Usually, the platform also specifies a number of internal interfaces,
in such a way that the common architecture of the products is specified by
the platform. The components of a product platform can by itself act as a
recursively-defined smaller platform.
The chapter will show that, like many other artefacts, platforms have a life
cycle. We will discuss the life cycle of the platform in various industries, such as
industrial machinery, aerospace, automotive and product software. It describes
requirements for platform life cycle management and concludes that there
are strong arguments to distinguish product platform life cycle management
(PPLCM) from the more common Product Life Cycle (PLC) management, and
that best practices in various industries deserve to be generalized.
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2.1 Introduction
Variety in products is a characteristic of mature markets (Erens, 1996). Customer
demand for product variety challenges organizations to find new solutions for
attaining mass production efficiency (Pine, 1993). When properly managed,
these new solutions lead to learning in development and reuse of solutions.
However, offering variety to a market may easily result in the reverse of reuse:
reinventing the wheel all the time. Erens (1996) notes that sales engineers
and designers focus often on individual customer requirements and that they
feel that component sharing compromises the quality of their products. The
end result is a ‘mushrooming’ or diversification of products and parts that
can overwhelm customers (Huffman and Kahn, 1998; Mather, 1995; Stalk and
Webber, 1993). If companies want to offer completely customized one-of-a-kind
products without reuse, they run the risk of lagging behind their competition
in terms of productivity, quality and logistics (Wortmann et al., 1997).
Knowledge in product development organizations can be decomposed into
process knowledge and product knowledge. Many publications in concurrent
engineering (e.g. Helms, 2002; Krishnan et al., 1997; Loch and Terwiesch, 1998;
Terwiesch and Loch, 1999) and in engineering maturity models (e.g. Harter et al.,
2000; Jalote, 1999; Kaner and Karni, 2004, SEI, 2002) are concerned with process
capabilities. However, apart from process knowledge, product knowledge
should also be captured. This is done via product platforms. Product platforms
provide a structure where a company’s product capabilities are organized. This
structure shows, where variety in the product offering is welcomed, and where
the products have to be the same.
Product platforms are designed to structure the various products that a
company wants to bring to the market. They organize on the one hand the
sales and installation processes and on the other hand design, manufacturing
and supply chain processes. All these processes benefit from the stability
provided by a product platform. However, they all have to be prepared for the
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(anticipated) variety. Developing multiple products as product families based
on common product platforms is recognized as a successful approach in many
industries (Sanderson and Uzumeri, 1997).
In this chapter, the exact nature of product platforms is investigated. The
key question is, whether product platforms can be treated as identical to
conventional products in their design. After all, product platforms claim
to provide a basis for learning over the life cycle, which is not common in
conventional products. Especially, platforms promote better learning across
products and a reduction in testing and certification in complex products such
as aircraft (Sabbagh, 1996), spacecraft (Caffrey et al., 2002) and aircraft engines
(Rothwell and Gardiner, 1990). The central question is answered by reviewing
academic literature and by empirical research into various branches of industry.
This research is based on authors’ experiences in various branches of industry
and interviews with experts. This chapter is organized as follows. Firstly,
the literature on product platforms is discussed in Section 2.2, resulting in
a definition. Next the nature of product life cycles is shortly introduced in
Section 2.3, again based on the literature, as foundation for further discussion.
Section 2.4 presents the research methodology. Section 2.5 discusses product
platforms in various branches of industry, with a focus on platform life cycles.
These industries are industrial machinery, aerospace, automotive and product
software. Section 2.6 discusses best practices found. Section 2.7 concludes this
chapter.

2.2 Product platforms in academic literature
Over the past decades, much research effort has been carried out in product
platform and product family development (Jiao et al., 2007; Simpson, 2004,
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Simpson et al., 2001). For an extensive review of the literature see Jiao et al.
(2007). As a general rule, increased variety is often associated with an increase of
complexity (Erens, 1996; Fisher et al., 1999; Kerke and Srinivasan, 1990; Ramdas and
Sawhney, 2001). Product families are well recognised as a means to achieve a high
product variety in a structured way (Meyer and Utterback, 1993; Sundgren, 1999).
Thereby, several studies are conducted on the benefits of product platforms
(Meyer and Lehnerd, 1997; Meyer et al., 1997; Simpson et al., 2001). For
example, Simpson et al. (2006) summarizes benefits of using platforms. The
most important are: flexibility, responsiveness, reduced development time,
less production costs, improved ability to upgrade products, test reduction
and promotion of better learning across products. In contrast with these
findings, there is some criticism on the use of product platforms (Hauser, 1999;
Krishnan and Gupta, 2001; Robertson and Ulrich, 1998). The study of Muffatto
and Roveda (2002) gives an insightful analysis of applicability of product
platforms in the relation to product architecture. The conclusion of this article
is that product platform concept is not applicable in both full modular and full
integral product architectures. Since platforms can be seen as large modules,
highly integral architectures make developing platforms difficult. In highly
modular product architecture, the use of a platform becomes meaningless.
This study agrees that there are limitations in the use of platforms. For casediversity reasons (Yin, 2002), the cases selected in this research take various
positions on the integral-modular continuum, namely industrial machinery,
aerospace, automotive and software industries.
Although management science generally agrees that there are benefits and
limitations of the use of platforms, there is a high variety in views on product
platforms. In line with the platform definition of Muffatto and Roveda (2002),
Meyer and Lehnerd (1997) define a product platform as a set of common
components, modules or parts from which a stream of derivative products can
be efficiently developed and launched. McGrath (1995) claims that a platform
is a collection of common elements, especially the underlying core technology,
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implemented across a range of products. In the software industry, the term
platform refers often to such a collection of common core technologies2. The
more broad view of Roberson and Ulrich (1998) is that a platform consists of
a collection of assets (i.e. components, processes, knowledge, people and
relationships) that are shared by a set of products.
Zamirowski and Otto (1999) discern three types of product platforms:
•
•
•

modular platforms
scalable platforms
generational platforms.

A modular platform is used to create variants through configuration of existing
modules. A scalable platform facilitates the differentiation of variants that have
the same function, by varying capacities (Simpson et al., 2001). A generational
platform leverages PLCs for rapid next generation development. Especially, the
generational approach of Martin and Ishii (2002), which aims on reuse over
more generations, seems essential in product platform development. This
study confirms the importance of this generational view and combines the life
cycle concept with product platform development.
In general, the term product platform has a dual meaning. Firstly, a platform
can be defined as a set of common components, modules or parts from which
a stream of derivative products can be efficiently developed and launched (e.g.
Erens, 1996; McGrath, 1995; Meyer and Lehnerd, 1997; Meyer and Utterack,
1993; Muffatto and Roveda, 2002). This is a more internal and physical-oriented
meaning. Secondly, a more generic, externally oriented meaning, a product
family is a group of related products that is derived from a product platform
to satisfy a variety of market niches (Robertson and Ulrich, 1998). Accordingly,
it is concluded that ‘product platforms’ have an external meaning in the
market and an internal meaning in product development, manufacturing
and procurement. Consequently, we define an external product platform
Sometimes the term platform has a very restricted meaning, viz. a set of chosen technologies
implementing a run-time environment. This chapter does not use the term ‘platform’ in such a restricted meaning.
2
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as the range of offered/anticipated products in terms of functionality and
performance, including choice features, customizing options and external
interfaces. And our definition of an internal product platform is the variety of end
products offered and the interfaces between the generic components or design
elemets (required to create the variety of end products). In the next section,
these definitions will be combined with the product life cycle (PLC) concept.

2.3 Nature of PLCs
Robbins (1990) defines a life cycle as a pattern of predictable changes. For
example, organizations are proposed to have life cycles whereby they evolve
through a standardized sequence of transitions as developed over time
(Knegtering, 2002). Helms (2002) distinguishes the life cycle of a document from
a PLC and introduces the term document life cycle. In line with this reasoning, we
differentiate the life cycle of a product design from the life cycle of a particular
physical product. Although they are highly attached to each other the current
study supports the idea of separate life cycles. A product change is different
from a change on design. Individual product documentation is documented
that describes the content of a specific product. Design documents usually do
not describe individual products, but a series of products. So, these life cycles
differ from each other. Next section will describe the difference between the
Product Design Life cycle (PDLC) and the PLC.
The PDLC starts with an initiation of activities to invest in development work.
After a market launch, additional investments in development can be made,
which results in newer versions, until the design is frozen. The last stage of a
PDLC is entered when the design is declared obsolete. See Figure 2.1(a), which
depicts one of the many forms that a PDLC may take.
The life cycle of a physical product PLC could start when a manufacturing
order for such a product is released, and end after perhaps several cycles of
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Figure 2.1 (a) Product design life cycle and (b) product life cycle
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maintenance and refurbishment when the product is scrapped. See Figure 2.1
(b) for an example of what such a PLC might be.
Accordingly, it is clear that Figure 2.1 (a) and (b) represent different life cycles,
despite of the fact that their state-transition graphs are isomorphic. The
question to be investigated in this chapter is: Does a platform have its own
life cycle, different from a product design and PLC? In other words, must we
differentiate the PDLC, a product PLC and a product platform PPLC. In the next
section, we describe the use of product platforms in practice.

2.4 Research aim and methodology
This research project is set out with the aim to determine the requirements of
platform life cycle management. Based on prior research and several in-depth
expert interviews, the use of product platforms will be highlighted in several
branches in the industry. Although the cases used are identical in their high
customer focus, they are highly diverse in terms of production repetitiveness.
The reason for this is our aim to find best practices used in several industries in
terms of the use of platforms. The PLC concept is then applied to the product
platform concept.

2.5 Product platforms practices in industry
In the next section, there will be a description of several industries based on
prior research and several in-depth expert interviews. These industries are:
•
•
•
•
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Special attention will be paid to the use of PDLC, PLC and in this context and
the difference in the use product platforms in several branches in the industry.
Accordingly, the central question in this section is: What are the differences in
the platform approaches seen in various branches of industry?
2.5.1 Industrial machinery3
In pure one-of-a-kind products, Figure 2.1 (a) and (b) is closely linked. Every
design is unique and a distinction between a PDLC and a PLC is sometimes not
even made. However, even in one-of-a-kind business, there is a need to reuse
knowledge gained from previous contracts. Companies tend to classify the
required features and options which are offered, and bring them together in a
Sales Handbook, in order to structure the discussions with a potential customer
(Muntslag, 1993). The options are the alternatives offered by the company,
which are sometimes merely solution principles, not really fully detailed
solutions. Specific features may be captured even without solution principles,
in order to provide a first structure to engineering work to be done. However,
even a list of functions as given above is the beginning of an (external) product
platform. It is a platform, because all products can be described by this list
of functions, but it does not describe any products in particular. It is external
(and not internal) because the architecture of component interfaces remains
undefined.
The firm that serves as a basis for our understanding of industrial machinery
delivers packaging lines for bottles with fluids. Such lines may have for example,
the following features covered in the external platform (sales handbook):
•
•
•
•
•

3

volume to be filled (size of bottles, throughput per hour)
viscosity
chemical inert gasses to be added?
special requirements on closures
positioning and movements of bottles before packaging

Based on the work of Wortmann et al. (1997) and Muntslag (1993)
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•
•
•

specification of packaged product (n × m bottles)
type of board and way of closing
specification of palletised product (l × w × h packaged products)

Over time, this external platform will be expanded with solution principles and
with predesigned solutions. Therefore, versions of this external platform are
needed. Moreover, the company may decide to consider for example palletisers
as a separate offering, to be combined with a number of bottling lines. Such
a change would split the company’s platform into two new platforms, viz.
bottling lines and palletizes. The life cycle of the original external platform
should end and two new platform life cycles should be started. To conclude
the concept of (external) platform makes sense for industrial machinery, and
should be distinguished from individual PDLCs.
2.5.2 Aerospace industry
Several contributions already have paid attention to the analyses of platforms
development in the aerospace industry (aircraft industry: Sabbagh, 1996;
aircraft engines: Rothwell and Gardiner, 1990). To some extent, aerospace
products are standard: a fully specified product design is submitted for approval
to the flight authorities and a corresponding product is tested extensively.
However, the customer is allowed to request adjustments of specific welldefined parts of the plane. In this case, there are engineer-to-order variants
of these parts. Product development develops the standard plane including
interfaces for customer-specific parts. Note that each tail is different – a new
version of previous plane. However, when new versions of the standard plane
emerge, there is no guarantee that the engineer-to-order variants of specific
customers can be reused in the new versions of the standard plane.
In aerospace manufacturing, there is an excellent PLC documentation for
each individual product during manufacturing and delivery. The industry
also provides good field configuration management standards for individual
products during all the other life cycle phases. Moreover, this industry is also
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leading in PDLC management. However, the industry does not make a clear
distinction between the PDLC and the platform life cycle. In fact, there is no
explicit product platform other than the current version of the standard plane.
An explicit internal product platform would specify the interfaces between
main components of the plane in a separate Product Platform Life cycle (PPLC).
If the platform (i.e. the specification of the interfaces) is distinguished properly
from the standard plane, a more sophisticated change management is enabled.
For example, it becomes possible to discuss the question whether a proposed
new version of the standard plane still satisfies the interface definition of the
platform.
If a new version of the standard plane adheres to the platform, it would
guarantee that engineer-to-order variants of specific customers can be
combined with this new version of the standard plane. This example illustrates,
that an (internal) product platform is useful in aerospace industry, and that
a PDLC should be distinguished from the PPLC. Of course, the PPLC should
support versioning of the internal platform, allowing controlled changes to the
platform itself.
2.5.3 Automotive industry
Vehicles are generally assembled-to-order and the parts are mainly common.
Yet, several studies show that automotive producers manage to deliver high
variety in a profitable way (e.g. Bremmer, 1999; Cusumano and Nobeoka, 1998).
Each vehicle can be customised and is a different variant in a platform. The
customer specifies values for parameters – the variant is determined by these
values. In this case, product development develops the platform as a whole
(including parameters), not just the variants. Therefore, a product platform is
quite common in automotive. Moreover, a PPLC is also a well-known concept,
because the platform sometimes needs revisions based on customer feedback.
Also, the platform is often expanded to create more features and options, when
sufficient market demand is identified.
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Recently, automotive industry is increasingly focused to create and maintain
the as-designed and as-built documents of individual vehicles as well. In fact,
these documents constitute the PLC. The document can be generated when
the vehicle is initially manufactured, but field configuration management of
individual vehicles in later life cycle phases is difficult. However, due to the
increased availability of board computers and other electronic equipment in
vehicles and in garages, individual product documents that can be used for field
information become more and more available.
The automotive industry is not particularly focused on the documents for a
standard type of product. However, sometimes the need for such documents
arises, for example, when fleet owners deliberately want to have a fleet of
identical products. Here the concept of a PDLC arises, describing a particular
variant with multiple instances.
2.5.4 Software industry
Standard software products are (by definition) standard and successful
Commercial Off-The-Shelf (COTS) products sell millions of times. In these
industries, they make no clear distinction between physical products and
product designs. Often, software products have only 2–4 functional variants
(entry – , normal – , premium product), but they have features related to the
environment in which the product will be used, such as:
•
•
•
•

the language of the user
the country in which the product will be used
the (version of ) the database management system employed
the (version of ) the operating system employed.

However, installed constellations of COTS products are unique: the customer
sets for each installed COTS product a number of parameters or switches. The
life cycle of a COTS product as offered by the vendor is a PDLC. The life cycle of
a product as installed by the customer is a PLC. These concepts are completely
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in correspondence with Figure 2.1 (a) and (b). However, the management of
the individual constellations in later life cycle phases is difficult because of the
large amounts of different parameter – configurations. In software industry,
new successor COTS products with new functionality are developed, in order
to have old products replaced. However, new versions or entirely new products
should preferably support the same interface standards as earlier products,
and exhibit (at least) the same features. Standards for interfacing are therefore
in software industry highly desirable. Again, an external product platform
can be defined as the set of features, which is offered with a product, and the
internal product platform may be defined as the interface standards adhered
to. The notion of PPLC becomes again useful, in order to describe changes in
these two related concepts.

2.6 Analysis
Let us first summarize, what can be learned from the four industries considered
in Section 5. In Industrial Machinery, individual configuration descriptions of
physical products are delivered with the product. Thus, the PLC is implemented.
However, in this situation learning from experience in the field becomes
difficult to implement, because all the configuration documents are different.
Design documents that describe a series of products (product platforms) are
not generally in use. For these companies, an individual physical product
seems to be the same as a product design.
In the aerospace industry, a similar phenomenon can be observed. In this
situation, it is more difficult to learn from field experience over the life cycle
across different designs. Nevertheless, in these industries the need for the
use of platforms can be noticed. However, the product platform is not yet
distinguished from the (current) standard.
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In the automotive industry, documentation for a range of designs can be noticed.
Furthermore, a structural use of platforms PPLC can be detected both internally
and externally and first attempts of individual configuration management can be
observed. This leads to a proper documentation of the PLC. Still, these industries
make hardly no use of documentation of types of products (in the PDLC).
Software industries have well established methods for design documentation
PDLC. These companies are able to create a proper documentation of their
initial delivery; however, these industries have difficulties in configuration
management of individual constellations in later life cycle phases (just as the
companies delivering physical products). Nevertheless, these companies could
benefit from the notion of a platform, but do not yet acknowledge such a
notion. Table 2.1 summarizes our industry observations.
In general, our studies show that none of the industries have fully implemented
the life cycle concept. A clear distinction between the life cycle of a physical
product PLC, the PDLC which covers several products and the life cycle of a
platform PPLC is not systematically implemented. Important is to note that a
physical product has (in general) its own documentation. More specifically, it
can have its own design documentation. Only in the case of a pure one-ofa-kind product, this design documentation is closely related to the product
design as depicted in Figure 2.1(a). In all other cases, the design documentation
of the physical product is derived from the product design documentation,
but may deviate. Therefore, these documents become different and must be
properly managed. Due to the high variety in the installed-base, industries
are experiencing difficulties with how to use the field (feedback) information
for future designs. Moreover, without the differentiation between the several
life cycles, it becomes hard to classify innovations. An innovation needs to be
classified based on the distinction between products, types of products or a
platform. If innovations cut across standards, either the standard has to be
adapted, or the innovation has to be reconsidered. Therefore, it is even more
important to make a clear distinction between the life cycles.
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Figure 2.2 Product Platform Life Cycle (PPLC) concept.
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Figure 2.2 illustrates the proposed levels of life cycle management by relating
the hierarchy of the isomorphic diagrams of Figure 2.1(a) and (b) with the
PPLC. A development process should start with the planning and development
of a platform. The first version of a platform sets the design margins for the
development of a range of products, the PDLC. The changes that are caused by
new design knowledge or field experience should be aligned with the platform.
In this way, the design knowledge extracted from improved version of the
design will be systematically reused by the platform. Analogically, the PDLC
should set the margins for the individual designs. Systematically, information
feedback from the individual product documents to the design and platform
documents is essential for structured information reuse. In this way, individual
product knowledge is reused.

2.7 Conclusions and further research
The results of this investigation show that a distinction has to be made
between three important artifacts in product development, namely the PPLC,
PDLC and PLC. The use of distinct life cycles will improve the controllability
of changes and will make feedback of information easier. Trade-offs need to
be made whether to invest in a change of the standard (platform) or to make
the innovation a customer specific option. Usually, an innovation needs to be
developed further in order to fit the platform. The distinction between the life
cycle of a individual product and the life cycle of product generations makes
this decision controllable. Comparable with physical products and designs,
product platforms have their own life cycle and sphere of influence. Platforms
must be designed for several product generations and this life cycle must be
managed.
In Section 2.2, several advantages of the use of product platforms were
described. In addition, several improvements of a clear life cycle distinction
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Employment of PLC

Employment of
PDLC

Employment of
PPLC

Industrial machinery

Yes

Not distinct from PLC

No

Aerospace

Yes

Yes

No

Automotive

Yes

Not common

Yes

Software

Not completely

Yes

No

Category

Documents

Engineering change
management

Information
feedback

PLC

Product specification
documents

Product change

Product specific
knowledge

PDLC

Product design
specification
Documents

Changes that affect a
range of products

Design specific
knowledge

PPLC

Platform specification
documents

Changes that affect
several product
generations

Generic field
experience

Table 2.1 Industry observations
Table 2.2 Life cycles

49

2 PLATFORM LIFE CYCLES

can be listed. As a consequence of a clear differentiation, engineering change
management becomes more structured. Engineering changes can start at
any level, but the impact on the other levels should always be investigated:
is it a PLC change, a PDLC change or a PPLC change? Next to this, information
feedback becomes more structured. For most (repetitive) products, the life
cycle of each physical product should be distinguished from the life cycle of
the design artefact. For one-of-a-kind products, the three life cycles can be
seen as closely related, but clear distinction will support learning over the life
cycles of several designs.
As mentioned before distinct life cycles have effect on the way documentation,
change (innovations) and feedback is managed. To summarize, Table 2.2
presents the several life cycles and the possibility to make clear categories in
documents, changes and feedback information. The results from this study
indicate that there are good reasons to make the distinction between PPLC,
PDLC, PLC. Industry examples have shown that this distinction is currently not
made properly, which makes life cycle management of products, designs and
product platforms difficult. In both one-of-a-kind as well as more repetitive
industries arguments can be named to use the proposed differentiation.
Especially, learning over the various life cycles is enhanced because of the ease
of feedback of field information is a noticeable benefit. Furthermore, rationality
in deciding whether to change the platform, the design or an individual product
brings more structure in engineering change management over several life
cycles. So, the current findings add substantially to our understanding of PLCs
and add to a growing body of literature on life cycle management.
Despite of the possible advantages we mentioned, a number of limitations of
this study must be taken into account. This research is based on four industry
examples. So, further foundation of the results of this study is needed to improve
the external validity. Therefore, for further generalization of the proposed results
more empirical studies are needed. Hence, there is plenty of room for further
research. Cross-sectional studies are needed to promote exchange of practices
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in the use of life cycles. Practical experience with systematic acknowledgement
of PPLC in several industries is needed. Especially, the use of distinct life cycles
in relation with performance can be empirically investigated.
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ABSTRACT
This chapter describes the effects of product platform changes on downstream
phases such as production and maintenance. Current research into product
platforms focuses mostly on the development stage. However, although the
initial development of platforms is an important issue, product platforms
often evolve during later stages due to emerging engineering changes. The
research question for this study is: What are the requirements for platform life
cycle management applied to complex products systems with due regard to
development, production, and maintenance aspects?
The study illustrates the fundamental impact of changes in the platform
on procurement, manufacturing, and maintenance. Based on a case study,
several important requirements in the management of platform changes
are identified. Firstly, platform change attributes should be clearly defined
because they determine the state of the platform during its life cycle. Further,
product platform life cycle management (PPLCM) is required to support impact
analysis during a platform’s life cycle. Finally, configuration management of the
product base installed in the field is required. Throughout the company, data
management concerning versions, variants, and changes of platform attributes
has to be organized. Further research should focus on defining the attributes
of a platform more precisely and, subsequently, should concentrate on the
development of a change or freeze policy based on these attributes.
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3.1 Introduction
Many producers of advanced industrial machinery remain competitive by
using the latest technologies. Further, products are continuously changing
and are becoming increasingly customer-driven (Wortmann et al., 1997). These
phenomena have substantial effects on the way in which product development,
manufacturing, and maintenance are organized. Especially the way in which
firms manage the variety in product designs has an effect on downstream
efficiency since uncontrolled variety causes all sorts of waste in downstream
processes. Product platforms are one of the technologies adopted to avoid this
kind of waste, and therefore fit within the set of lean principles.
Nowadays, lean manufacturing is a dominant topic in the literature on
optimizing manufacturing systems. Moreover, lean principles have received
increasing interest in other applications such as the relationship between lean
principles and information and communication technologies (e.g., Riezebos
et al., 2009), and lean approaches to management accounting systems (e.g.,
Alhsrom and Karlsson, 1996). Another area, particularly relevant here, is in
product platform management within product development (e.g., Karlsson
and Ahlstrom, 1996; Cusumano and Nobeoka, 1998).
Although, the lean principle of platform management is applied in product
development, it is rarely used to reduce waste. Waste elimination is mainly
thought of in terms of manufacturing activities (Sánchez and Pérez, 2001). There
are almost no empirical studies that relate platform development to efficiency
in downstream procurement, manufacturing, and maintenance phases. This
study contributes to the literature on lean principles by investigating the role
of platforms during downstream phases. Moreover, platform management has
mainly been applied to consumer industries (e.g., Meyer and Lehnerd, 1997;
Sanderson and Uzumeri, 1997; Cusumano and Nobeoka, 1998), whereas a
substantial part of manufacturing industry is directed towards the development
of low volume complex products. The case study in this chapter shows how
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product platforms can still be deployed when producing low volume complex
products.
An important enabler of lean manufacturing is the commonality of production
modules within a platform. Commonality and stability facilitate mix and
volume flexibility in lean manufacturing systems and enable concepts such
as pull production, kitting, just-in-time, and hajunka scheduling to be applied.
Technology transfer and commonality are aspects considered in product
development. In their book on the principles of lean development, Cusumano
and Nobeoka (1998) conceive product platforms as a means to transfer
technology between parallel and sequential development projects.
Although platform development particularly receives attention from
development and engineering researchers, it has clear implications for
manufacturing and maintenance. Recent studies have given attention to the
platform concept in the manufacturing domain as a way of configuring similar
production processes (Zhang et al., 2007; Jiao et al., 2007).
Finally, it should be noted that product platforms have their own life cycles
(Wortmann and Alblas, 2009). Whereas the life cycles of platforms in consumer
products are stable (typically: initiation – prototype - frozen), platform life
cycles in other areas such as industrial machinery include several state
transitions with many iterations. In a delivery process for complex, engineeredto-order products, product designers have to continuously develop a variety
of new designs that respond to new customer requirements (Brière-Côté et al.,
2010), and this has a substantial impact on the way platform life cycles evolve.
For this reason, this research set out to investigate the role of platforms during
downstream stages, such as production and maintenance, and the impact of
platform changes on these phases.
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The chapter is structured as follows. First, relevant theories are discussed,
leading to a conceptual framework (Section 3.2). Next, the methodology
is presented for the case study to be conducted (Section 3.3). Third, an indepth analysis of the problems in applying such a platform strategy during
procurement, manufacturing, and maintenance in an innovative industrial
machinery setting is presented (Section 3.4). The results of the case study are
discussed in Section 3.5, followed by a discussion on the implications for such
industries (Section 3.6). Finally, conclusions are drawn in Section 3.7.

3.2 Research aim and framework
3.2.1 Previous research
Product platform development is a concept that essentially aims to achieve
stability and commonality within production and use. Platforms, the common
assets that can be reused across products to gain economies of scale (Robertson
and Ulrich, 1998), are a means to control the variety delivered by a firm (Erens,
1996). Numerous studies confirm that platforms are essential in effective and
efficient product development (e.g., Sanderson and Uzumeri, 1997; Meyer and
Lehnerd, 1997; Cusumano and Nobeoka, 1998; Zhang et al., 2007; Jiao et al.,
2007). Firms develop product platforms to provide sufficient market variety at
minimum costs. As Simpson et al. (2001) observed, “a product platform is one
of the most challenging aspects of product family design”.
A growing body of literature has given attention to platforms in various stages
of product life cycles. Previous studies have concluded that platforms have their
own life cycles, independent of designs or individual customer configurations
(Wortmann and Alblas, 2009). This implies that product platforms are present
during production and use. However, the question of how to control a platform
after its release to production is difficult to answer. The role of platforms
during production and maintenance is especially important in situations
where production processes are difficult to stabilize and product designs
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continue to evolve. A good example is industrial machinery manufacturing,
which is unstable over the complete platform life cycle because engineering
changes (ECs) are perpetually introduced. To date, however, most studies on
platform strategies have not focused on industrial machinery, but on morestable consumer products (e.g., Meyer and Lehnerd, 1997; Sanderson and
Uzumeri, 1997; Cusumano and Nobeoka, 1998). In these studies, product
development aims at maximizing customer variety at minimum cost. Product
platform development strategies are then pursued to offer this variety. Several
studies in the automotive industry show that producers can profitably offer
high variety (Cusumano and Nobeoka, 1998). Comparable studies have been
conducted on the applicability of platforms in consumer electronics. Good
examples have studied Black & Decker (Meyer and Lehnerd, 1997) and the Sony
Walkman (Sanderson and Uzumeri, 1997). A common characteristic is that
the development of a platform is a preliminary and proactive development
exercise focusing on the development of a family of customer products. In
these consumer industries, the platform is frozen after its release.
As such, most of the platform research focuses on initial platform development,
not on later life cycle phases. Although we would agree that the initial
development of platforms is a very important issue on which to focus,
platforms often evolve during later stages due to ECs. As an example, despite
the aircraft industry producing relatively few end units for a considerable
design effort, engineering changes continue to become effective during the
manufacturing stage and even during the service stage (Burgess et al., 2003).
Industrial machinery, as an engineer-to-order industry, has similar problems
that result in complex platform maintenance. Platform maintenance is crucial
for two reasons. First, the technological evolution of a platform is unpredictable
in industrial machinery and, therefore, it is difficult to define an initial platform
(i.e., a common base for future variants) that will remain stable over its life cycle.
Second, products, solutions, architectures, and interfaces within the platform
are regularly changing over time.
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Platform maintenance simplifies the implementation of changes in
production and maintenance. Implementing changes implies assessing
the impact of a change during the production, use, and maintenance of a
product. Consequently, establishing a platform is not a static activity but a
continuous process: changes must be continuously assessed for their impact
on the platform. The above-mentioned studies present valuable insights
into the complexity of EC management and platform management with lean
production. This chapter sets out to contribute to this literature by developing
requirements for platform change processes. For this propose, two concepts,
central to our research framework, are discussed below: platform life cycles
and platform maintenance.
3.2.2 Platform life cycles: patterns of predictable changes
A life cycle has been defined as a pattern of predictable changes, or state
transitions (Robbins, 1990). State transitions in the life cycle of products or
product platforms are caused by ECs (Wortmann and Alblas, 2009). Since
platforms are designed for a product family, or even generations of products,
platform and product life cycles are not identical. For example, a platform can
undergo a state transition, moving it from ready for mid-market to ready for
high-end market, whereas a specific product aimed for the mid-market will
not undergo a similar transition. Separate life cycles imply inconsistencies
in the states of the platform and the products. A consequence of somewhat
independent life cycles is that ECs have diffuse impacts. That is, the impact of
an EC at the product level differs from the impact at the platform level.
Simpson et al. (2001) distinguished two common approaches to developing
a platform, namely ‘top-down’ and ‘bottom-up’ approaches. A top-down
approach amounts to setting up a platform from scratch, whereas a bottomup approach aims to redesigning a group of products to establish a platform.
The type of platform development adopted depends on the platform life cycle
stage. Top-down development is linked to initial stages, and bottom-up to later
stages. Both these approaches are primarily focused on methods to improve
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or to establish a platform at some fixed point in time, without incorporating a
process for maintaining the platform. In the development process, a top-down
approach often starts at the beginning of development whereas a bottom-up
approach is often executed during a product development project, or when a
platform is redesigned. Hence, two phases can be distinguished: the platform
development phase in which the platform design is developed in a top-down
way; and the platform maintenance phase where a platform is released to
production and redeveloped according to bottom-up design improvements
(ECs).
Research on the process of setting up, and especially of maintaining, a platform
over its life cycle is limited. This study will cover both life cycle phases and will
contribute by looking at the process of developing a platform (top-down) and
then maintaining or redesigning an existing platform (bottom-up). Further, this
study will investigate the position of downstream ECs during a platform life
cycle in relation to lean production ideas.
3.2.3 Platform maintenance: assessment of platform changes
Platform management is affected by the complexity of the platform. Product
development in industrial machinery is characterized by an enormous quantity
of engineering data, process uncertainty, frequent ECs, and disturbances
(Rouibah and Caskey, 2003). Often, due to the product’s complexity, no single
person in a company has a detailed overview of all the systems in a product.
Consequently, the impact of change is difficult to predict. This is true not only
for the impact on functionality and performance but especially in terms of
the impact on costs. In EC management, decisions must be made on what
to include in the generic platform design, and what to define as a customer
option.
There are several publications in the academic literature on the management
of ECs in complex products (e.g., Earl et al., 2005; Eckert et al., 2004; Keller
et al., 2005). Such studies have contributed much to our understanding of
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change in complex engineering domains. For example, Eckert et al. (2004)
discuss helicopter development and mention problems relating to change
management in complex, engineering-intensive products. However, no
attention was given by the above authors to how changes in individual
products should be fed back to product platforms, or how platforms should
be changed.
An EC can be defined as a change in a product after the design has been
released to production. In line with this definition, a platform change can be
defined as a change to a platform after its release. Whereas a product change
may impact on the platform, a platform change does imply a product change.
Unstable platforms affect the stability of procurement, manufacturing, and
maintenance. Having many product variants and unstable platforms (i.e.,
subjected to ECs) will negatively influence manufacturing stability and
maintenance reliability since a large variety in field configurations makes it
more difficult to learn across configurations.
The literature is inconsistent in the definition of a product platform. Studying
previous research reveals a dual meaning of the term ‘product platform’, namely
an external and an internal meaning or, to put it differently, tangible and intangible
interpretations. In Wortmann and Alblas (2009), a product platform is defined
in the external sense as the range of offered/anticipated products in terms
of functionality and performance, including optional features, customization
options, and external interfaces. This can be viewed as an intangible definition
of a platform. The term ‘external’ refers to knowledge captured in functions,
technologies, and features, and lives within the functionality and technology
domain (Erens, 1996; Erens and Verhulst, 1997). The definition of an internal
product platform, a more tangible view, is the variety of end products offered
and the interfaces between the generic components (e.g., Meyer and Lehnerd,
1997; Meyer and Utterack, 1993; Muffatto and Roveda, 2002). The term ‘internal’
reflects the producer and service perspectives. In line with this, platform
maintenance is defined as the process of performing changes to predefined
platform attributes (functionality, performance, interfaces, technologies, etc.).
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Platform changes will result in instabilities in a lean production process. In
this study, we investigate the impact on lean production systems of platform
changes, after their release to production.
3.2.4 Framework of analysis
Based on the above discussion, it can be concluded that the current scientific
debate focuses on initial platform development and strategies which are
applicable to products that are ‘frozen’ after they are released for production
(such as car manufacturing platforms). This situation is generally not the case
industrial machinery production. Therefore this study aims to explore the
impact of platform management during the later stages of the development
life cycle, where individual product variants are derived from the platform. Our
contribution considers both platform development and platform maintenance
after its release to production, and the effects on lean production systems.
The research question for the study is: What are the requirements for platform
life cycle management applied to complex products systems with due regard to
development, production, and maintenance aspects?
Figure 3.1 presents the framework that forms the basis for the case study
analysis. The framework outlines the life cycle stages of platforms and
products. A platform follows the sequence of: platform development, platform
maintenance, and end-of-life (EOL); whereas a product follows a development,
engineering, procurement, manufacturing, maintenance, and EOL route. The
study focuses on the maintenance stage of a platform during the procurement,
manufacturing, and maintenance product stages. Consequently, the study
addresses the following sub-questions:
1.
2.
3.

What is the role of platforms during development?
How is a platform released to production?
What is the effect of platform changes on lean manufacturing, procurement,
and maintenance?
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Note that the presented life cycles are simplified versions of reality. Our aim
is not to present an extensive description of platform and product life cycles,
but rather we use them for purposes of illustration. Subsequent sections will
explain the methodology used to investigate the role of platform maintenance
in an industrial setting.

3.3 Methodology
3.3.1 Overall design and case selection
A sample company taken from the industrial machinery field will be analyzed
in terms of problems related to maintaining a platform. A case study approach
was chosen because of the explorative character of the research problem (Yin,
2003). Although knowledge is available on how to define platforms based on
physical modules, no theories are available on the role of key variables, such as
modularity, in platform management during later stages such as production
and maintenance. The case was selected based on two theoretical sampling
criteria. First, in selecting the case, we looked for a firm that was developing
complex and capital-intensive industrial machinery that was subject to a
large stream of ECs during the life cycles of the platforms and products.
Product complexity is important because it leads to an enormous amount of
engineering data, process uncertainty, frequent ECs, and disturbances (Rouibah
and Caskey, 2003) and, further, ECs can cause the separation of product and
platform life cycles (Wortmann and Alblas, 2009). As such, this will probably
lead to insightful results in terms of our research questions. Furthermore, the
study aims to investigate the role of platforms during the production and
maintenance phases of products and the impacts this has on lean production.
Hence, the second criterion in case selection was the requirement that the firm
produces products with long life cycles that are based on platform designs. The
case company chosen has platforms that are subject to change during both
production and use, and, consequently, the company can be considered as
representative of a typical industrial machinery situation (Yin, 2003).
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Figure 3.1 Research framework
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3.3.2 Data collection and analysis
Data were collected through in-depth interviews, following the approach of
Emans (2004). Personnel involved in engineering decision processes were
interviewed. The interviews were semi-structured and based on an interview
guide. The case study is founded on a sample of over 50 interviews, covering
development, manufacturing, and maintenance engineers. Further, in order
to triangulate the methods of data collection, documents were analyzed and
compared, and databases were consulted. In addition, numerous site visits
were carried out over a two-year period. The case study results are compared
with existing theory, resulting in a new proposition for platform maintenance.
In order to develop a complete picture, platform changes are analyzed during
both the development and the downstream phases. First, the ‘product platform’
concept was analyzed, alongside the effects of ECs during its development.
Subsequently, the status of platforms after their release to production were
analyzed.

3.4 Results of the case study
The company studied is a leading provider of large and complex industrial
machinery for the semiconductor industry. It produces machinery that forms
part of a chip production line. The company has over 6,000 employees, of
whom approximately 2,000 are working in the development and engineering
department. The annual net sales are about €3 billion. Highly diverse
engineering and design disciplines are involved (e.g., electronics, mechanics,
optics, software). The project organization is divided into several programs,
each aimed at several related product types. Each development program
provides several years of work for over 200 engineers. A development program
is, during a later stage, split into several projects, one for each product type.
These projects may be executed concurrently. The projects that are executed in
parallel within a program all affect each other, not only because they compete
for resources, but also because an EC in one project may lead to ECs in other
projects.
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3.4.1 Platform development and release to production
Since our interest in this research is the role of platforms during the life cycle
of products, it is first necessary to discuss the status of platforms during
development. At the case company, platforms are developed in a development
program that consists of a set of projects in which a portfolio of related
products is developed. Such a portfolio is sometimes called a ‘generation’ or
a ‘family’ of products. These products share performance requirements and
technologies. The common elements are referred to as the ‘platform’. The
elements of a platform are mainly defined in technical and functional terms,
especially during the early stages of development. The platform forms the basis
for derivative products. Derivative products are developed based on common
technologies in the platform, and have a large functional overlap with the
platform’s functionality.
The early phases of a development program are organized sequentially, and
the first major project is the development of a platform. At the start of a new
development program, the engineering organization tries to establish a generic
design for a series of machines involving several variants. However, market
requirements and customer requirements will change during development,
and even continue to do so during the production and maintenance phases
of the products. This results in a continuous flow of technological changes
throughout the life cycle of the products. Moreover, due to product complexity
and the innovativeness of the products, it is impossible to initially develop a
complete platform with physical components and interfaces.
Insights into solutions for technical challenges are evolving. Therefore,
solutions for problems encountered in early deliveries that are found in later
projects must be implemented in the platform. In contrast, it can be argued
that ECs should be avoided because changes in one product type may cause
platform changes and vice versa, and the propagation effects of such changes
on platforms are hard to predict. In reality, several programs are executed in
parallel, and these all affect one another due to ECs. Innovations found for
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one product often have to be implemented in other products. Thus, platform
development at the case company is not entirely a preliminary activity carried
out before derivative development. Rather, the platform is adopted according
to the development of subsequent or parallel derivatives.
Following the role of platforms in development, platform release to production
is investigated. When a platform is released to production and procurement,
the development organization is transformed into a program that focuses
on solving associated basic problems ranging from customer complaints,
malfunctions, and errors, to creating all kinds of enhancements. Furthermore,
the program develops add-ons and other product improvements to increase
the scope of a family. One important finding was that individual customer
orders may require additional engineering (i.e., engineer-to-order), even
after the platforms have been released. These activities may trigger requests
for change in other products and platforms. Interviewees revealed that the
platform design was strongly related to the carrier product: the first product
developed on a new platform range. After the release of this carrier product,
subsequent products are developed based on this design.
Naturally, principles found in the new designs should be structurally fed back
to the platform design. At the case company, such a mechanism is not fully
in place. Since no platform baseline is formally available during platform
maintenance, the platform evolves irrationally. As a consequence, the
number of unplanned variants grow, and each product becomes one-of-akind. Therefore, an appropriate mechanism is needed to maintain a platform
baseline. The process of developing and delivering products is illustrated in
Figure 3.2.
The figure shows that development and manufacturing are intertwined in the
delivery of platform derivatives. A building block is a cluster representing a part
of the system which is functionally or technically defined. Building blocks can
be generic (to be specified or configured further) or designed to be specific
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Figure 3.2 Release to production
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to a particular product (see Figure 3.2). During a life cycle, the building blocks
are adapted through ECs to reflect product performance improvements or
downstream manufacturability or serviceability issues. As such, products are
delivered based on a platform that is adapted over time. A final, stable version
of a platform is reached only after several years of innovation.
3.4.2 Relationship between platform life cycle and ECs
Based on the above, it can be concluded that, due to evolving designs during
the delivery of end-products, manufacturing and development are strongly
connected in the case company. In the analysis of ECs, two phenomena
were observed that contribute to the complexity of managing stability
during downstream phases. Firstly, there is the distinction between platform
change and product change and, secondly, the parallelism of changes within
development. In this section we will illustrate these two issues.
In order to illustrate EC complexity, we will first explain the EC procedure as
derived from the case study data. The EC procedure of the company studied
has three phases:
1.
2.
3.

request and business case;
realization and approval;
implementation.

The first ‘request and business case’ phase starts with the initiation and
validation of an improvement proposal (IP). An IP can be created by several
actors in various departments within this organization. When an IP is to be
submitted, the submitter must closely examine the nature of the IP and give it
a classification. There are three types of IPs:
1.
2.
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3.

responses to systems, or part of a system, that are not performing to
specifications.

The business case phase is aimed at investigating the impacts and benefits
of a proposed EC. In the ‘realization and approval’ phase, the goal is to realize
the EC redesign and to seek approval for its implementation. Then, in the
implementation phase, the EC is implemented in the parts concerned and
then released for production and service. Two issues were frequently observed
during this process. The first relates to problems in the implementation phase,
and the second to problems due to parallelism within the first two phases.
The first issue is linked to the complexity of the distinction between platform
change and product change. Figure 3.3 illustrates a simplified example with
two ECs. In this example, the initiated change is based on a platform which
happens to be the same as the product. To assess the technological impact of
a change, the status of a design has first to be extracted by the project team.
The team then proposes a change to a change control board that is located
within the EC assessment phase of the EC process. After approval, the change is
implemented in the product. Figure 3.3 demonstrates that not all the proposed
changes are implemented in the platform design. The dotted arrow reflects
that a change initiated by project team A is implemented in their product
design, but not implemented in the platform design. In contrast, the change
proposed by project team B is not only implemented in their product design,
but also in the platform design. In this situation, the effect is that the platform
design slowly becomes increasingly distinct from the product design, resulting
in a fuzzy parent-child relationship between the platform and its derivatives.
Interviewees indicated that these decisions, on whether to implement a
change in a platform design, are not made in a transparent, traceable, and
systematic way. This results in further distinctiveness between the platform
design and the product design. Although, the origins of this problem seem
quite straightforward, this is a common problem for companies that are
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developing a product range with high customer-specific variety (as is typical
in industrial machinery manufacturing). In theory, a platform change should
imply that the change becomes the standard for all other products. However,
this option is not so easy to apply in practice, and a solution could apply to just
a subset of products, modules, and/or components.
Note that the change arrows indicated in the figure are no more than examples
of possible changes. They do not reflect the vast number of ECs implemented
in this company: in its recent history, there have been thousands of ECs
each year. During a single development program, there can be hundreds of
ECs. As such, innovations and solutions to problems found in one product
development project or program often need to be implemented in other
product development projects or programs. The example illustrates that when
changes are not fed back to the platform the numbers of ‘unrecorded’ variants
will grow steadily and, consequently, this will have a negative impact on lean
production stability. An increase in the number of customer specific variants
will reduce learning, economies of scale, and production stability. Later in the
chapter, we will show that a platform can structure the decision process for
changing the generic design, or changing a generic part in a customer-specific
option.
The second issue that is identified from the case study data concerns the
parallelism of changes within development projects. In a simplified version
of the EC process at the company studied, a change has the following life
cycle: initiation, approval, and implementation (see the fuller description at
the beginning of this section). At the case company, changes can also occur
in parallel and they can involve several state transitions. Our study reveals that
the variance in throughput time of a change is high, and that changes can
be initiated in parallel. As a consequence, changes can be based on various
product states, and the subsequent implementations can be unreliable
because of changing design properties. Figure 3.4 illustrates this using a
simplified example of two parallel changes.
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Figure 3.3 Simple change implementation sequence
Figure 3.4 Parallel change implementation sequenc
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If we follow the sequence represented in the figure (top to bottom), we see that
project team A wants to change a certain part of the product design. Therefore,
the team gathers information about the status of the product design and,
based on this information, a change proposal is developed and presented to
the change control board. After its acceptance, the change is implemented
in the product design. This results in a new product status or even a new
product version. In parallel, project team B happens to be following the same
procedure in order to realize another improvement to the same product. This
change is then implemented in a product with the same status as product
status 1 but without taking into account the influence of change 1 on the
functionality of change 2. In this situation change 1 is ignored by change 2
leading to unpredictable change effects. So, even in such a simplified situation,
it is possible that the relationship between the effect of change 1 and the effect
of change 2 is both uncertain and overlooked.
Note that the situation represented in the figure becomes even more complex
if several product development programs are being executed in parallel.
Then, platform change decisions not only affect one innovation but multiple
innovation cycles. At the company studied, multiple design changes are
frequently executed in parallel, and so an impact assessment should measure
the impact of a change on several design cycles. Interviews with members
of the change control board reveal that it is quite often difficult to define
the range of products that are affected by an EC. It can be difficult to assess
whether a change is applicable to product A, products A and B, or to the whole
platform. In addition, problems arise in determining whether a change has
to be compatible with previous and/or future variants. Thus, the timing of an
EC also has an impact on the effects of its implementation. This issue will be
discussed in Section 3.3.4.
In reality, there is an ongoing process of changes in which their mutual
interactions are very unpredictable. To prevent uncontrolled change
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implementations, coordination is needed between the different innovations.
To achieve this, a clear picture of a product’s state during the initiation and
the implementation of an EC is important. As an illustration of what can go
wrong, think of software development, where rapidly introduced software bug
fixes often result in new problems. A better strategy is the clustering of bug
fixes in a service pack. A similar phenomenon can be observed in healthcare
where it is important to overview the whole set of therapies rather than
looking to a single medicine. To sum up, the throughput time and the timing
of an EC’s implementation are elements that need to be taken into account
when managing a product platform, especially when a product is continuously
changing over time. Moreover, it is possible for a platform to function as a
continuously updated baseline. A range of ECs to various product types can
then be assessed in the light of this platform base line. In this strategy, the
status of the platform baseline takes the lead in determining the underlying
variants and versions of product types, concepts, technologies, modules, and
parts.
3.4.3 Impact of platform change
In the second part of the case study, the impacts of changes in the platform
design on lean production systems were assessed. The case revealed that a
large variety in the products will lead to a large number of production steps,
sequences, and tasks. To illustrate the impact of an unstable platform (i.e.,
subject to many changes) on procurement, manufacturing, and maintenance,
three example platform changes are elaborated based on the case study data
(see Table 3.1). Note that these examples can be interpreted as typical cases
within the company investigated.
The first example illustrates the impact of platform change on procurement.
In order to stabilize product supply and optimize product assembly, repetitive
parts are organized using kit conveyors. A kit conveyor is a conveyance kanban
in which the parts are systematically organized according to the assembly
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sequence and groups. In material handling, a new part version (a ‘digit change’)
caused by an EC has an enormous impact. The kit car position has to be
updated and connected to the new part version number. The new part version
number must be allocated to the correct position in the warehouse. Further,
obsolete parts have to be removed from the manufacturing warehouse, but
may be stored elsewhere as spare parts. The new parts, with the new version
number, have to be acquired and stored etc. In addition, ad hoc solutions result
in parts being in scattered positions across the warehouse, resulting in long
throughput times because of the necessarily complex routings. Finally, much
waste is caused by errors in receiving and picking orders.
The second example illustrates the impact of platform changes on
manufacturing in flow production. A manufacturing process based on
lean principles is often organized according to flow production principles.
ECs almost always have a negative influence on product manufacturing
costs. In the case company, ECs also impact on routings, thus disrupting
flow production on the shop floor across the supply chain. This will result
in negative effects on learning, reworking, etc. Further, an EC can affect the
customer order decoupling point (CODP: Hoekstra and Romme, 1992). A once
generic part early in the manufacturing cycle can become a customer-specific
item resulting in an upstream shift of the CODP. In the case study, examples
were found of products that were partly disassembled and then rebuilt to fit
products for other customers.
The third example illustrates the impact of change on the maintenance of
installed base configurations. Service engineers become experienced in the
calibration of machinery. However, ECs can lead to differences in the behavior
of the machinery. In this case study, the systems delivered by the company
are extremely complex. Further, retrofit ECs cause enormous amounts of work
to change installed base configurations. Furthermore, a change can affect
spare parts resulting in extra scrappage costs. Through these aspects, an EC
to an installed base configuration will result in extra costs due to the increased
service complexity.
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Platform change

Disturbance

Procurement with kitting

New part version of a common part.

Increased variety in locations
in both the warehouse and
on the conveyance kanban.

Flow production

New product variant that
changes common parts of the
platform.

Impacts on CODP and more
variety introduced in production steps.

Maintenance of installed base
configurations

New versions or variants of
common parts.

More spare parts which
makes qualification of
products more difficult and
learning more complex.

Table 3.1 Typical platform change examples
Figure 3.5 Timeliness of change
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The above examples show that, from the perspective of production engineers,
the products and their platform should be as stable as possible, especially
when lean principles such as kitting and flow production are applied. In the
final analysis, all problems with respect to manufacturing product families can
be traced back to design decisions (Erens, 1996). Further, having a large number
of variants complicates communication between disciplines. Distinguishing a
platform and its changes from individual customer options creates opportunities
to distinguish the repetitive and generic parts of the product (i.e., the platform)
from the customer options. Consequently, the more generic parts can be
produced in a repetitive environment, before the CODP, with customer options
and components subject to change then produced in a jobshop environment.
Moreover, organizing parts in accordance with the platform and the related
product family will reduce EC waste in warehousing, for example because part
locations and kit cars can be grouped according to the platform and its derivatives.
Based on these examples, it can be concluded that platform changes have a
greater impact on lean production systems than more localized changes: a
change in a generic part has greater impact than a change in a specific part.
This is logical since the required learning in the production of a specific part
is minimal and the supply is already organized in a project. In the case study it
was observed that, due to customer-specific engineering, the inheritance from
platform elements to individual products becomes unclear. Hence, although
in the platform development phase it is clearly defined, later it is sometimes
difficult to define whether a part is generic or specific. Consequently, the lean
production system designed for repetitive generic parts has to handle oneoff products which are better suited to a job shop environment. Correctly
determining whether an EC applies to a platform or to an individual product
enables one to distinguish between repetitive and job-shop products.
3.4.4 Impact of platform change on the supply chain
A result that emerged from the data was that, in assessing changes, it is hard to

76

PLATFORM STRATEGY FOR COMPLEX PRODUCTS AND SYSTEMS

define whether a change applies to current, preceding, and/or future products.
In assessing ECs it is crucial to define their compatibility with previous and
future variants of products and product platforms. Figure 3.5 illustrates the
importance of the timeliness of an EC with downstream and upstream impacts.
The technological impact assessment of an EC is often based on the impact on
the change carrier, i.e., the product where the problem was found. Quite often
such changes are implemented in several product types or even in multiple
platforms and, therefore, the impact on parts in the supply chain is unclear.
It is, for example, difficult to assess whether the spare parts delivered for
previous products are obsolete, or remain compatible with the future product.
Maintaining a clear link between the platforms and their derivatives will help
structure this impact assessment. Thus, the assessment of the effects of such
changes can differ based on their upward or downward compatibility with
previous or future variants of a product or a product platform.
Assessing the implementation timing of an EC is not straightforward. At the
case company, it was observed that a change does not always have to be
implemented in the current product type or product platform. In several cases
the change is feasible, but not necessary with the current platform design.
Reasons for non-implementation can be that current platforms are frozen or
that the implementation costs are too high. According to the ‘rule of ten’, the
costs of implementing a change increase tenfold with each subsequent phase
(e.g., Clark and Fujimoto, 1991). An important consideration concerning the
timeliness of changes is the availability of resources in product development.
In many instances where a change would ideally be implemented in a product
and in the associated platform with upward and backward compatibility, a
shortage of resources forces another decision. This phenomenon was observed
at the case study company.
Alongside the effect of the timing of a change on the life cycle, timing also
impacts on the implementation range of a change. The implementation range
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of an EC covers the range of products that are affected: the effects on stock and
on work-in-progress products. In defining the implementation range of an EC,
the expected implementation date is an important factor. If this date is volatile,
the implementation range can easily differ because the number of product
types delivered will change. Also, the specified platforms and products will
change over time, so the solution may be based on old specifications. This effect
of different design states was discussed in earlier sections. Further, changes
can occur in parallel, all affecting each other, resulting in change propagation.
Short reliable EC throughput times will reduce such change propagation risks.
In order to assess the potential effects, reliable estimates of effort and
throughput times are needed, and the business case of an EC can change
fundamentally if the impact range is volatile. Further, the impact of an EC on
the supply chain is more structured if a clear hierarchy between the platform
design and a specific product can be maintained. A change in a specific oneoff product has less impact than a change to a platform. Thus, in assessing the
impact on downstream phases, the stage of a product life cycle, of the platform
life cycle, and, consequently, the upwards and downwards effects on other life
cycles are all crucial in the assessment of the impact on the supply chain.

3.5 Discussion
3.5.1 Position of platforms: overlap between development and
downstream phases
In general, platform management is highly complex in the company studied.
A major source of complexity is the large number of people involved in the
engineering organization, which makes managing changes on the program
and project levels difficult. An interesting finding is that even though the case
company struggled to maintain a stable platform design, no formal platform
maintenance procedure existed. Consequently, change decisions during
production and maintenance were difficult to assign to a platform, to a set
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of products or to individual configurations. The question whether a solution
to a fundamental problem found in an installed base configuration is also
applicable to other customers with slightly different configurations (options,
modules, software) is difficult for them to answer. There was no structured
method to support the allocation of design problems to a series of products or
even generations of products (i.e., a product platform). This leads to problems
in configuration management: ensuring complete and up-to-date information
on the exact versions and variants installed at customers. In turn, configuration
management problems create spare part management problems because it
is uncertain which spare parts apply where. As such, it is impossible to know
whether spare parts are obsolete or still usable.
Platform status is intertwined with procurement, manufacturing, and
maintenance, especially in production environments, as at the case company,
that are a mixture of engineering-to-order and assembly-to-order (Hoekstra
and Romme, 1992). Customers can request specific engineering inputs, and the
more mature products are assembled to customer order. Even though a product
can be mechanically assembled to order, each product produced at the case
company is to some extent referred back to engineering. Each individual system
needs to be electronically fine-tuned and software needs to be parameterized
for the specific customer’s site. Moreover, this service engineering knowledge
frequently leads to an EC. Thus, an essential difference between industrial
machinery manufacturing and, for example, car manufacturing is that, in the
former, the platform is not frozen during the production and maintenance
phases. As a consequence, change implementation complexity, change
parallelism, and change propagation issues are not limited to the development
phase. Rather, they remain the reality during production and maintenance. As
such, the development and downstream phases are intertwined and, thus,
platform maintenance is required in order to structure the impacts based on
lean principles. Platform maintenance during the production and maintenance
product phases is vital in order to realize stability and to decide authoritatively
whether or not the production system has been disturbed.
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3.5.2 Platform change impacts
From the above discussion, it can be concluded that, in the production of
complex machinery, both the requirements and the solution principles are
continually changing.
As such, the development of a product platform never ends due to changes
in functions and components. For example, at the case company, examples
were seen of engineering work connected to products delivered years
ago. Platforms are used in development to distinguish generic objects (e.g.,
functions, technologies, and parts) from specific objects. After a platform
is released to production, the hierarchy of platform design documents and
the documentation of instances should be properly maintained during the
platform life cycle (Wortmann and Alblas, 2009). Platform changes apply to a
set of generic parts for a range of products and, thus, have a large impact on
lean supply, manufacturing, and maintenance.
In the previous sections we have analyzed the existing literature and a case
example. The presented examples show that, in companies similar to the one
studied, assessing the impacts of ECs on downstream phases is closely related
to platform management. Questions such as ‘is the platform affected by this
change?’ and ‘is this change the next standard?’ are crucial. Accordingly, not
only platform planning and development, but also platform maintenance,
are essential to maintain economies of scale throughout the life cycle.
Consequently, for platform maintenance, change criteria are needed, especially
when principles of lean production, such as flow production, kit cars, and lean
warehousing, are applied. The first step in structuring this decision process is
categorizing ECs based on their impact on the platform. The next section will
address this issue.
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3.6 Implications for industry
3.6.1 Managing the effects of platform change
This study has found that the products in the company studied are continually
changing and that there are many ECs during multiple development life cycles.
This steady implementation of ECs on different products makes stabilizing a
product platform extremely difficult, especially during and after the rampup phases of development where lean production system stability is the key
to realizing scale effects. From a lean thinking perspective, the development
practices at the case company have several issues that can typically be
improved by reducing waste.
Firstly, we saw that the decision procedure on the range of an EC is not clear:
an EC initiated in one project may impact on some other projects within the
same program, it may impact on all projects in this program (i.e., the platform),
and it may even impact on other programs. The procedure for determining
the range of an EC should be transparent in order to avoid wasting precious
development time. Secondly, the uncertainty about the range creates more
uncertainty in terms of timing. This complicates project planning, and project
management has to spend a lot of time on risk analysis and scenario planning,
another source of waste. Thirdly, the fact that ECs are sometimes carried out
in parallel may cause further waste because they may impact on each other
without this possibility being considered. Fourthly, the effect of ECs on the
hours needed to realise a project is not fully calculated. The fact that ECs
impact on each other is one of the reasons why it is very difficult to calculate
their overall effect on current projects. Finally, the ECs jeopardize the potential
benefits of lean manufacturing and lean supply, as illustrated by the three
examples given in Section 3.4.3. A platform should be able to distinguish those
parts that are more suitable for job shops from those more appropriate for
repetitive environments.
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From an information systems perspective, the case company could improve
in the following areas. First, the company should recognize and maintain
the documentation on a product platform as an entity on itself, one
which deserves to have its own life cycle (cf. Wortmann and Alblas, 2009).
Secondly, the company has to support a project impact analysis and resource
estimation for each EC on each project. Note that this requirement goes far
beyond the normal impact analysis of ECs, which is focused on products.
Accurate accounting of hours consumed in the past may help the company
to be prepared for the future. Third, in order to assess the pros and cons of
an EC, it is essential to know the exact configurations present in the field.
3.6.2 Description of platform change impact categories
In Section 3.2, we defined platform maintenance as the process of making
changes to platform attributes (functionality, performance, interfaces, etc.). The
case study revealed that maintaining a product platform is a difficult endeavor
and that it is highly likely that a product platform will change over time.
Therefore, the allowable change attributes on a platform must be specified in
the platform definition phase. Change management of a platform must then
be based on these attributes.
Based on the distinction between the internal and the external platform
definitions made in Section 3.2, we can define those change attributes that
may be affected when changing a platform. External platform attributes are
functionality and performance. Internal platform attributes are interfaces,
modules, and the architecture. The effects of a change to these attributes
determine the impact of a change. Sometimes changes to attributes have to
be implemented in a range of product types, and sometimes they are specific
to a single product type. Accordingly, the division between the effects on
individual product types, on multiple product types, or on a product platform
must be made throughout the entire platform life cycle. Table 3.2 summarizes
this distinction based on the internal and external platform definitions given in
the introduction. This results in an internal, engineering-oriented question and
external, customer-oriented question, both anchored in the case study.
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Life cycle impact

Internal and external questions

Impact on one product type life cycle

Internal question: Does this change affect
only one development project?
External question: Is the change a customer
specific solution?

Impact on multiple product type life cycles

Internal question: Does this change affect
multiple development projects?
External question: Is the change a solution for
multiple customers?

Impact on platform life cycle

Internal question: Will this change become
the standard for the current platform?
External question: Is the change a solution
for all the customer issues within the product
range?

Category

Assessment questions

Life cycle impact of an EC

Impact on individual product life cycles?
Impact on multiple-product-type life cycles?
Impact on platform life cycle?

Timeliness of an EC

Is the EC downwards/upwards compatible?
Is the change applicable to the current and/or
the next platform?
What phase is the platform at in its life cycle?

Impact on platform attributes

EC impact on functionality?
EC impact on technologies?
EC impact on interfaces and modules?

Table 3.2 Impact of a change
Table 3.3 EC assessment questions
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3.6.3 Platform change elements and platform maintenance management
The difference between developing a platform and platform maintenance
is an essential aspect. In the platform development phase, the attributes of
the platform have to be defined in terms of functionality, performance, and
applied technologies for the expected family of derivatives. Further, based on
functionality, technology, and performance decisions, the platform architecture
(i.e., interfaces and modules) that will be generic for the product family must
be defined. Moreover, one has to specify which attributes could be subjected
to change within the context of this platform. In this phase, the life cycle of the
platform, including any milestones, needs to be defined. Also a policy on which
attributes are fixed in relation to these milestones needs to be developed.
After a platform is released, it needs to be maintained in order to stabilize the
lean production system. In this phase, the attributes are under change control,
and all changes that affect the platform need to be assessed. Furthermore, as
discussed in previous sections, the impact of a change on platform attributes
and the timelines of a change must be investigated. Based on case study
findings, Table 3.3 summarizes the most important types of questions to be
asked in assessing the impact of platform changes on downstream phases.
3.6.4 Information systems as a means to support PPLCM
Responding to the problems highlighted in this chapter, the following solution
principles can be formulated for product platform life cycle management
(PPLCM).
First of all, a ‘product platform’ object type should play a central role in computer
aided engineering (CAE) and product life cycle management (PLM) systems.
Product platforms should be planned, designed, maintained, changed, and
archived just as any other artifacts. The introduction of product platforms
implies that product types are seen as being derived from product platforms,
and that the ‘derived from’ relationship between product types and product
platforms should be maintained.
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Second, an impact analysis should be supported, not only for products
but also for projects. An impact analysis for products would investigate
the functioning of the product if a proposed change is instigated. Impact
analyses for projects should investigate the resource requirements and
timeliness of the project if a proposed change is adopted. A first step
in supporting project impact analysis would be to measure EC-related
actual work done in projects, in order to collect data for future reference.
Third, the company should invest in transaction processing systems for
configuration management of the product base installed in the field.
Calculating the impact of ECs for product types in an advanced stage of their
life cycle (with products in the field) is impossible if the precise configurations
of installed products are not known.
Fourth, both of the previous two points are not only a matter of acquiring the
right software, but also of organizing appropriate data entry. If the company
wants to benefit from up-to-date configuration management, employees have
to be trained, motivated, and rewarded for keeping configurations up-to-date.
Similarly, if the company wants excellent records on hours spent on ECs, design
engineers have to be trained, motivated, and rewarded for keeping accurate
records of hours booked.
Applying lean principles to data entry will require such data being entered
only once and then used on multiple occasions. Turning to hours consumed
in working on ECs, the same records can be used for project management,
program management, hours accounting, and learning purposes. As for the
time spent in properly configuring the management of installed products, the
same information can be used for error handling, service management, spare
parts supply, and for decision-making over the value of a proposed EC.
Finally, lean principles related to visual management can also be applied in
many situations within product development. This does not only apply to
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charts showing quality data on produced products, but also to charts showing
the impact of ECs on program and project management.

3.7 Conclusions and further work
This chapter has argued that the concept of platforms is essential for dealing
with the complexity of industrial machinery production. Platforms can
contribute substantially to lean manufacturing. Setting up a platform during
development is not sufficient: platform development is a continuous process.
However, in industrial machinery manufacture, the technological evolution of
a platform is highly uncertain and difficult to define in advance. Maintaining a
platform in an environment where products are significantly and continuously
changing is difficult. Based on our study we have identified several important
requirements for platform maintenance. First of all, product platforms should
be planned, designed, maintained, changed, and archived just as other
artefacts. Secondly, impact analysis should be supported, not only for products
but also for projects. Third, in relation to platforms, configuration management
of the product base installed in the field is required. Fourth, data management
needs to be organized across all areas of the company.
Further research could focus on defining the attributes of a platform more
precisely and on the development of a change or freeze policy for these
attributes in order to minimize the impacts on lean production. The findings
of this study add substantially to our understanding of platform development
in the industrial machinery field. However, further work needs to be done
to fill in the details of a platform maintenance method and its relation to EC
management processes. Moreover, since current research seems to focus
on platforms based on tangible parts (an internal platform definition), more
research is needed into the role of functions and technologies in platforms (an
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external platform definition). Furthermore, for external validity purposes, the
findings from our case study need to be compared with case studies conducted
in other companies.
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Part II discusses the potential of platforms in industries where complex products
are delivered by customer-specific engineering. Based on a longitudinal case
study we investigate which design elements can be used as platforms. In
Chapter 4 one of the major outputs is the definition of the function-technology
(FT) platform, a new platform concept applicable to complex products and
systems (CoPS). Chapter 5 builds on these findings by formalizing the FT
platform concept by means of the Unified Modeling Language (UML).
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ABSTRACT
In this chapter we will show that intangible design elements can be used as
platforms in science-based firms that deliver complex products and systems
(CoPS). Success in manufacturing industries often depends on the ability
of a firm to apply product platforms. In speeding up product development,
platforms often enable companies to benefit from scale effects by reusing
existing components in the development of new products. In science-based
industries, however, platforms are frequently modified since components
have to be changed within their life cycle to meet additional customer-specific
engineering demands and evolving innovations in technology. Through
extensive fieldwork at ASML, a leading supplier of science-based lithography
machinery, a modified platform concept was developed that is applicable
to science-based industries, and that is labeled as the function-technology
platform. Whereas physical platforms are based on physical modules to
increase efficiency in the assembly of products, function-technology platforms
allow structured reuse of functional and technological design artifacts in the
development of a family of new products. The longitudinal data, collected on
site, demonstrate positive effects of applying function-technology platforms.
An important explanation for ASML’s success in delivering lithography
machinery with attractive performance is their ability to deliver variants that
are specific in terms of physical modules, but common in terms of functions
and technologies. This finding adds considerable insight to the existing
literature on platform management by explaining how intangible design
elements, instigated during development, can be reused. It is conjectured that
the findings from this study are generally applicable in science-based industrial
equipment manufacturing firms.
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4.1 Introduction
Many industries base their innovations on product platforms. The term
product platform is used for a common design for a range of final products.
With product platforms, the goal is to maximize commonality and reuse
investments in design. In consumer products, product platforms are frequently
associated with modularity and standardized interfaces between physical
components. This yields advantages both in product development and in
supply chain management. Although a platform may involve the reuse of all
kinds of products, current scientific debate focuses on platforms that comprise
tangible modules applied in industries with a relatively low level of complexity.
To date, the application of product platforms in science-based complex
equipment manufacturing is limited. In these industries, the development of
new systems depends on highly advanced technologies. These technologies
continue to evolve during product design and over the life cycle of the
product. Therefore, predefined modularity with standardized interfaces cannot
be assured. Nevertheless, within science-based equipment manufacturing, it
is possible to benefit from product platforms by reusing intangible platform
elements.
The advantages of developing a product platform have been widely accepted
by many scholars (e.g. Erens and Verhulst, 1997; McGrath, 1995; Meyer and
Lehnerd, 1997; Meyer and Utterack, 1993; Muffatto and Roveda, 2002).
Moreover, recent developments in the field of product platforms have led to
new insights. For example, Sköld and Karlsson (2007) investigated the tradeoff, as perceived by customers, between reusing assets and offering sufficient
individualization. Another application of platform thinking can be found
in Meyer and DeTore (2001) who report on platform applications in service
organizations. Good examples of formalizing intangible platforms in the
process domain can be found in the work of Zhang et al. (2007). They propose,
based on the Unified Modeling Language (UML), a method for representing
platforms in the process domain.
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Current product platform approaches are used to deliver the range of products
that a company offers to the market. However, the best-known examples of
successful application of product platforms (automotive, electronics) offer
fully frozen designs to the market. As such, the platform is based on tangible
elements. In the automotive industry, for instance, the platform is designed
around a chassis, together with a set of other generic components, from which
one can deliver a large range of cars. Each generic component includes options
which can be selected by the customer. These options determine physical
aspects of the vehicle. In these firms, the platform is already fully specified
when products are released to the market, and all further changes are subject
to significant scrutiny.
In other industries, however, variety is delivered through the partial reengineering of the product based on a customer’s requirements. This is
particularly true in science-based equipment manufacturing, an example of a
science-based industry. The microlithography industrial company used in this
case study represents the latest scientific and technological knowledge and
can be regarded as a typical company within science-based industries (Chuma,
2006). Microlithography systems are used to produce integrated circuits (IC).
Although, in microlithography development, elements of earlier products are
reused, many components of each new product are subjected to customerspecific engineering. Accordingly, a substantial number of the physical parts
to be assembled are specifically designed. In such a process, a predetermined
platform describing the physical arrangement of parts is difficult. As a
consequence, science-based equipment manufacturing firms design new
products on a one-off basis, largely ignoring the reuse potential of the product
platform approach. Most of the studies on platforms report merely on tangible
non-complex parts (Hofer and Halman, 2004). In general, the applications of
product platforms in science-based equipment manufacture do not cover
complete physical systems.
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This overview of documented industrial applications of product platforms
corresponds to the more theoretical ideas on platforms. Most of the earlier
research has focused on platforms defined in terms of physical platform
elements (e.g. McGrath, 1995; Meyer and Lehnard, 1997; Meyer and Utterack,
1993; Muffatto and Roveda, 2002). This stream of literature defines a platform as
a collection of common, tangible, parts from which derivatives can be efficiently
developed. As such, the focus differs from other research that conceptualizes
platforms in other than physical dimensions. Roberson and Ulrich (1998) define
a platform as a collection of assets (i.e. components, processes, knowledge,
people, and relationships) that are shared by a set of products. Other authors
define platforms in terms of knowledge (Halman, Hofer, and van Vuuren, 2003;
Sköld and Karlsson, 2007). In the latter case, identifying platform elements is
regarded as challenging because the question emerges as to how product
elements will be connected if they are not defined in tangible terms (Muffatto
and Roveda, 2000; Ulrich, 1995). Whereas platforms are commonly applied
within on physical products, this chapter investigates platform reuse based on
intangible elements.
The research reported in this chapter was designed to study the potential
of platforms based on intangible elements and applicable in science-based
equipment industries. The aim is to investigate the nature of appropriate
platform elements and the benefits of applying platforms in a typical sciencebased firm. These considerations led to the following initial problem statement:
Which design elements can be used as platforms in science-based firms that deliver
complex products and systems?
To investigate these issues, we created a framework that places product
information in various domains, used by different functions in the several
phases of product development (Erens and Verhulst, 1997). This framework
and the domains are explained thoroughly in Section 4.2. Given that the aim of
this study is to investigate how to reuse intangible investments during product
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design (as captured in a platform), the chapter logically focuses on the function
and technology domains. Based on the adopted perspectives, the chapter
introduces a new platform category: the function-technology (FT) platform.
This modified concept helps to distinguish between physical platforms, based
on tangible product elements and defined physically, and intangible product
elements, defined functionally and technologically. A function-technology
platform is defined as the anticipated common functional and technological
architectures and the allocation principles between the function domain and
the technology domain.
This modified idea enables organizations to define commonality based on
intangible design elements. Commonality and distinctiveness are thus defined
not only in the physical domain, but also in the functional and technology
domains. The common elements in these domains amount to a ‘platform’.
The framework of analysis used in this study is based on two platform
dimensions: commonality and distinctiveness. These dimensions are used to
distinguish those platform elements which are common, from the customer
specific elements which are distinct. Relying solely on the reuse of physical
component or module design can lead to reworking in the form of developing
new technologies for existing functions. Conversely, reusing all previous
components in configuring new products will eventually forgo the benefits of
technology leadership.
The chapter is organized as follows. First, it lays out the conceptual foundation
and the theoretical problems related to platform development literature. Then,
the methodology of our case study is explained in Section 4.3. The successive
sections (Sections 4.4 and 4.5) present the results of the case study, followed by
an analysis of the efficiency of the new platform concept as tested quantitatively
using empirical data from the case study in Section 4.6. Subsequently, these
findings are discussed in Section 4.7 with the aim of generalizing the use of
platforms to other science-based equipment manufacturing industries. Section
4.8 then draws conclusions and presents suggestions for future work.
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4.2 Conceptual framework
The objective of this study has been to investigate the potential of platforms in
settings where platforms based on tangible product elements are not a realistic
option. The study analyses a typical firm that produces complex products
that, despite being confronted with complexities, still obtains benefits from
platform usage. The case study will use a framework of analysis that is based on
the idea of domains (Suh, 1990; Erens and Verhulst, 1997) and on two platform
dimensions, commonality and distinctiveness, that have been described by
various authors (e.g. Roberson and Ulrich, 1998; Halman et al., 2003; Lundbäck
and Karlsson, 2005; Sköld and Karlsson, 2007). These concepts are described
in subsequent subsections, followed by a discussion on measuring platform
performance. Finally, this section ends with a comprehensive research model
that forms the framework for our study.
4.2.1 Domains of product information: functions, technologies, physical
parts
Many authors emphasize categorizing product information by defining
domains (e.g. Suh, 1990; Kota and Lee, 1990; Albano and Suh, 1992; Ulrich and
Eppinger, 1995; Pahl and Beitz, 1984, 1996; Erens and Verhulst, 1997). In this
study, three domains are distinguished, namely, the functional domain, the
technology domain, and the physical domain (following Erens and Verhulst,
1997).
The functional domain covers the set of funtions of a product (the ‘what’)
whereas the technology domain comprises all documents on the solutions
which are going to deliver these functions (the ‘how’). Functions have various
performance values that define the properties of the required technical
solutions. For example, the technology needed for the ‘positioning’ function
is defined by various values concerning ‘accuracy’. The technology domain is
divided into various areas such as mechanical, electrical, optical, and software.
Documentation on solutions is expressed in the appropriate language for each
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of these fields. The physical domain comprises the implementation (often the
tangible materialization) of the solutions described in the technology domain.
Many authors restrict themselves to two domains, the functional domain
and the physical domain, and ignore the technology domain. This is
understandable if the designed systems primarily use a single technology,
such as mechanical engineering or software engineering. For example, in
Suh’s seminal work, product design is defined as the mapping from function
to physical components (Suh, 2001). In his work, the notion of modularity is
formally defined as the property that one function is realized by one, and only
one, physical component (Suh, 2001, see also Ulrich, 1995). According to these
authors, a modular product ideally has the property that physical components
implement a single function. Therefore, a change in one function of a modular
design leads to a change in one or more components, but these changes do not
affect other functions. In other words, functions are independent of each other
in a modular design. However, if system design involves several engineering
disciplines, a more elaborate notion of domains is required, and definitions of,
for example, modularity have to be adapted accordingly.
Erens and Verhulst (1997) elaborate on the role of the technology domain.
This domain covers the transition from function to a physical realization. The
technology domain is seen as a consistent description of the application of
technological solution principles to ensure proper operation of the system,
independent of its final physical shape (Erens and Verhulst, 1997). These authors
also discuss several reasons for distinguishing the technology domain from
the functional and physical ones. Firstly, a function can be realized by several
technologies. Hence, the selection of a appropriate option requires a rigorous
analysis of technological alternatives rather than an impetuous decision
regarding a physical solution. Moreover, distinguishing the technology domain
helps designers to clearly specify functional requirements without focusing
too heavily on physical solutions.
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The technology domain can be encountered under various names in the
design literature. For example, it corresponds to the idea of the solution
principle found in some design literature. According to Pahl and Beitz (1996), a
solution principle is the outcome of the conceptual design phase and specifies
the working principles for a set of sub-functions. These sub-functions, in the
functional domain, can often be defined independently from a customer’s
order and, consequently, be mapped to standard solution principles (in
the technology domain, see also Muntslag, 1993). This results in a library of
standard solution principles, which are defined in the technology domain.
4.2.2 Platform dimensions: commonality and distinctiveness
In platform management, a major issue to resolve is the dichotomy between
making products as common as possible while delivering sufficient
distinctiveness to the market (Sköld and Karlsson, 2007; Halman et al., 2003).
Hofer and Halman (2004) state that a criterion for elements to belong to
the same platform is high commonality, while the needed differentiation to
achieve customization is established through non-platform elements. Meyer
and Lehnerd (1997) see commonality in terms of the similarity between parts,
materials, interfaces, and processes within a family of products. The main
advantages, as quoted in the literature, of commonality are based on tangible
product parts. This stream of research indicates that cost reductions are
founded on leveraging reusable tangible product elements across products.
Yet, as argued earlier, other elements can also form the basis for commonality.
The other side of the dichotomy is customization, which is essential in offering
sufficient distinctiveness to clients. Distinctiveness is achieved by developing
customized parts for a product. Distinctiveness is again usually described in
relation to physical parts (Sköld and Karlsson, 2007). Hence, distinctiveness
can be achieved by, for example, customer specific engineering. Commonality
and distinctiveness are based on modularity (as defined earlier). In a modular
design, functions are ideally independent: if a function changes in the functional
domain, then only a properly delineated part of the design in the other domains
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should be affected. Conversely, this delineated part of the design should not
be influenced by other functions. Therefore, each function is independent of
all other functions. This allows not only commonality (shared functions by all
products in a family), but also distinctiveness: functions which are included in
some products, but excluded from others. However, this idealized notion of
modularity is far from the reality in industrial equipment manufacturing. The
products delivered are, in general, not modular because they have to perform
at the limits of physical possibilities. Therefore, in the physical domain the
products are designed, configured, and tuned in such a way that many physical
components become trade-offs between conflicting functional requirements.
In addition, customers have strong preferences for particular functions, and
often force design engineers to deviate from the current standard designs.
Therefore, modularity as defined above is not realistic for many industrial
equipment manufacturers (see also Muntslag, 1993).
Nevertheless, it is often possible to maintain modularity in the functional
domain. Many functional requirements can be specified independently. For
example, functional specifications for movement, positioning, or the physical
treatment of products can be specified independently of specifications for
accuracy or tolerances in the products delivered. A structure of independent
functional specifications is called a functional architecture.
One of the major conjectures behind our study is that this modularity can also
be maintained in the technology domain. In reality, the mapping of functions
to technologies tends to be very stable in subsequent versions of a product
family. Therefore, the notion of modularity as applicable in the functional
domain may also be applicable in the technology domain - despite the fact
that it is not always applicable in the physical domain (especially in sciencebased industrial equipment manufacturing). Accordingly, the stable structure
allocating technologies to functions may be called a technology architecture.
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A simple example from another field is a voltage tester screwdriver (see Figure
4.1). This product has two functions: to test for voltage and as a screwdriver.
The tester function is mapped to electrical technology, comprising electrical
elements such as a resistor and a bulb. The screwdriver function is mapped
to mechanical technology with mechanical elements such as the grip and
the blade. This product is modular in both the functional domain and the
technology domain. However, modularity is not maintained in the physical
domain because elements such as the metal blade and end cap are both parts
of the mechanical technology and parts of the electrical technology. As such,
some components serve both testing and screwdriver functions.
4.2.3 Platform definition
Product platforms are applied in many industries to increase competiveness
(e.g. Meyer and Lehnerd, 1997; Sanderson and Uzumeri, 1997). With companies
that offer a variety of products to the market, platform strategies are often
proposed as a way to reduce internal complexity. Platform strategies create
advantages at several places in the firm, such as in product development, in
manufacturing, and in service operations (e.g. Erens and Verhulst, 1997; McKay
et al., 1996; Zandler, 1997; Meyer and Lehnerd, 1997; Moore et al., 1999; Jiao
and Tseng, 2000; Gonzalez-Zugasti et al., 2000; Du et al., 2001; Simpson et al.,
2001; Farrel and Simpson, 2003; Halman et al., 2003; Zhang and Britton, 2006;
Sköld and Karlsson, 2007). Rather than focusing on single products, firms aim
for economies of scale through commonality of assets in a range of products.
Therefore, many researchers advocate the development of product families,
i.e. a range of similar products based on common elements. These common
elements constitute the platform (Meyer and Utterback, 1993; Meyer and
Lehnard, 1997; Krishnan and Gupta, 2001; Hofer and Halman, 2004).
Although the claimed advantages of product platform development have been
widely accepted by many scholars, recent developments in the field of product
platforms have led to renewed conceptualizations. For example, Sköld and
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Figure 4.1 Voltage tester screwdriver
Figure 4.2 Conceptual framework
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Karlsson (2007) investigated the challenges in developing a platform that fitted
multiple customer brands. A major challenge is to balance between reusing
assets and offering customers a perception of sufficient individualization.
Further, Hofer and Halman (2004) have proposed a platform that captures
knowledge on the arrangement of subsystems in the development of a
family of products in order to deliberately restrict architectural choices in a
market segment, i.e. a layout platform. In essence, they are proposing a way
to structure platform elements on a higher aggregation level than interfaces
and modules. Meyer and DeTore (2001) report on platform applications in
service organizations. Meyer and Lehnerd (1997) define product platforms as a
set of subsystems and interfaces that form a common architecture from which
a stream of derivative products can be efficiently developed and produced.
Robertson and Ulrich (1998) define a platform as a collection of assets shared
by a set of products.
The advantages of product platforms are often combined with the advantages
of modularity in design, assembly, service, and refurbishment of products.
Although a product platform is not the same as modular architecture, modularity
reduces the complexity of reusing assets across families since modules can be
reused. However, although a decrease in modularity significantly boosts the
complexity of interface management (Sundgren, 1999; Oosterman, 2001),
other assets can also form the basis for reuse in generating variants. Platforms
can comprise both tangible physical elements and intangible elements (such
as functions and processes) shared by a set of products (Roberson and Ulrich,
1998; Hofer and Halman, 2004).
In this research, following Roberson and Ulrich (1998), we define the platform
concept as a collection of assets shared by a set of products. This study
introduces a new platform concept that helps to distinguish between physical
platforms based on tangible product elements, defined physically, and
intangible product elements, defined functionally and technologically (see
definition in Section 4.1).
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4.2.4 Product families, variants, and versions
A platform represents the common elements of a set of similar products. The
platform is the ‘intersection’ of these products. Therefore, those elements that
constitute the distinction between different products do not belong to the
platform. The term product family is used to denote the ‘union’ of a set of similar
products. The products based on a platform are denoted as members of a
product family. These products are variants of each other. In product modeling,
near identical instances of the same product type are referred to as variants.
A product family can take the form of a generic object from which variants
are generated by choosing parameter values (of selectable attributes). In this
way, product families exist in consumer products. In many industries, different
variants of the same basic design based on a single platform are developed:
a variant-based approach. Examples can be found in car manufacturing (e.g.
Wilhelm, 1997), Walkmans (Sanderson and Uzumeri, 1995), and elsewhere.
However, product families may also occur in situations where the distinctions
between variants are created by customer-driven engineering. In some
industries, new derivatives are developed as successors to previous designs: a
version-based extension mechanism. New versions emerge when new objects
are created by changing existing objects, usually with the effect of making the
existing object obsolete (in line with the notion of progeny or genealogy in
Wortmann et al., 2000). In Wortmann and Alblas (2009) it is argued that both
platforms and products need mechanisms that lead to new versions. In a
version-based approach, objects from previous versions may cease to exist or
may have their own life cycle (Wortmann et al., 2001).
4.2.5 Research aim and framework
This study investigates the applicability of FT platforms in science-based
equipment manufacturing industries. To investigate the potential of product
platforms, the data collected in this study are analyzed in terms of the three
domains identified above (Erens and Verhulst, 1997) and in terms of the
commonality and distinctiveness dimensions (e.g. Sköld and Karlsson, 2007;
Halman et al., 2003). Figure 4.2 illustrates the conceptual framework used for
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this. Further, the platform performance, which is defined as the proportion of
derivative development relative to the platform development as a whole, is
also identified in the left part of the figure. Toward our ultimate goal, the study
addresses the following research questions:
•
•
•

What problems occur in applying physical platforms in science-based
equipment manufacturing industries?
What is the potential of function-technology (FT) platforms in sciencebased equipment manufacturing industries?
What is the effect of managing the FT platform on overall platform R&D
efficiency?

Note that the research questions are also addressed in the framework of Figure
4.2. Method of data collection, data analysis, and the measures for platform
R&D efficiency are discussed in Section 4.3.

4.3 Research design and methodology
4.3.1 Overall design
In order to analyze the potential of function-technology platforms in sciencebased equipment manufacturing, this study has included field research at a
large microlithography machinery manufacturer (referred to here as ASML).
Given the explorative character of the research questions, an in-depth
longitudinal case study (Eisenhardt, 1989; Yin, 2003) was selected to study the
phenomena in their natural setting (Voss et al., 2002). Longitudinal studies avoid
the weaknesses inherent in retrospective reconstruction, and the associated
reinterpretation errors, by real-time data collection (Åhlström and Karlsson,
2009). By adopting a longitudinal study, data become available from various
data sources, both qualitative and quantitative, over an extended period of
time. Consequently, validity is achieved through real time observation and
data triangulation.
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Variable/platform

Platform A

Platform B

Platform C

Platform D

Size

10s mil. euro’s

10s mil. euro’s

10s mil. euro’s

10s mil. euro’s

Start- end

1999-2004

2003-2008

2003-2008

2006-200…

Derivative
designs

4, with many
versions
delivered to
customers.

5

5

4

Table 4.1 Platform characteristics
Figure 4.3 Timeline improvement initiative
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4.3.2 Research planning
The research process followed the procedures outlined by Eisenhardt (1989).
Initially, after literature studies and refining the research questions, cases are
selected that fit with these research questions. Next, the collection instruments
and protocols are shaped while, in the field, data are concurrently collected
and analyzed, so providing the researchers with the opportunity to collect
data flexibly and to reshape the interview guide during the research process
itself (Eisenhardt, 1989). During the three-year (2006-2009) period of field
study, the author was able to collect data over three days in each week. This
included access to all archival records of the R&D, manufacturing, and service
departments, which were used in document analysis. Further, this intense
interaction enabled us to observe conversations, meetings, and events instead
of relying only on prescheduled interviews.
4.3.3 Case selection: four platforms at ASML
In the selection of cases for in-depth study, it should be noted that the
availability and opportunities to use cases are inevitably limited. Nonetheless,
the case selection was based on two criteria. First, the study was interested
in firms which develop complex products and systems (CoPS) based on the
reuse of design knowledge. Second, a potential case was only selected where
a change process linked to platforms was being initiated such that interesting
results were likely to appear during the study period. In an ideal situation, a
researcher would study the change process throughout its entire span (Van de
Ven and Poole, 1995).
During preliminary interviews at ASML, four opportunities to analyze platforms
were identified. Further, an improvement initiative was just starting which
was aiming to develop a new platform approach that was better matched
to company requirements. To assess the potential of function-technology
platforms, we analyzed the changes in platform management that took
place during the development of the four platforms. Table 4.1 describes key
characteristics, extracted from the case studies, of the platforms.
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4.3.4 Data collection methods
The study is based on in-depth analyses focusing on the development of
platforms over a period of five years; three years through direct observations
and studies starting in 2006, and through retrospective studies going back
to 2004. The change process, which is the object of this longitudinal study,
is the improvement initiative for platform management as executed during
the development of the platforms. As a result of the extensive and detailed
study period, we could analyze the effects of the initiative on the platforms.
The unit of analysis is the entire set of development activities related to
platform development. In this study three types of data where used, namely
(1) qualitative data based both on interviews with the project and program
leaders of the platforms to be developed and interviews with persons involved
in the improvement initiative, (2) data that resulted from documents studies
and (3) quantitative data on platform performance extracted from databases.
Interview data are collected on the platform process at various organizational
levels that relate to platform management. The personnel interviewed were
involved at various organizational levels in the platform process: the corporate,
R&D department, development program, and project levels. The data within
each process are analyzed in terms of elements of platform management.
Several process levels need to be studied to understand the complexity and
the dynamics of the case situation (Van de Ven, 2007). Most of the data were
collected through interviews with engineers within the platform improvement
initiative which was on the departmental level, and with members of the
corporate change control board on the corporate level. Further, interviewees
also included employees of the development project management office and
the process and planning departments. In addition, within the development
programs, project leaders and program managers were interviewed.
During our studies, four crucial parallel processes were selected, namely: (1)
the improvement initiative to develop a new platform concept, (2) program
management and project management of four platform and derivative
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developments, and (4) the configuration management process, all of which
were connected to product platform development. These process areas were
selected based on theoretical sampling; that is, they have a clear relationship
with platform development. In addition, each process is made up of several
phases which give us the opportunity to compare diachronic longitudinal data.
As such, our dataset comprises both synchronic and diachronic data (Barley,
1990; van de Ven, 2007).
In addition, during site visits, numerous minutes of meetings, procedures,
design specifications, and other reports were read and analyzed. These
documents contained detailed descriptions of the platform development
tasks, activities, milestones, and the responsibilities assigned to people
involved in the development process. This document analysis provided
additional information, and also enabled us to validate the interview data.
In addition to the interviews, informal conversations were held and notes
taken with a large number of employees in various positions. The researchers
participated in dozens of meetings related to product platform development.
These discussions were recorded in minutes of the meetings.
Finally, in order to analyze the success of the platform concept developed at
ASML, the effects of the platform improvement initiative on platform efficiency
were tested using data on costs, cycle times, and engineering changes since
studies can generally benefit from using quantitative measures of performance
(Åhlström and Karlsson, 2009). Throughout the entire project, a project steering
group was established to monitor the research process and align the research
with the company goals. Although the composition of the project steering
group changed over time, the main goals of the research remained stable.
4.3.5 Data reduction and analysis
Having clarified what data were to be collected and how, we could shape our
method of analysis. Our analysis is built on the detailed field notes, interviews,
and document studies; this information is reduced and organized sequentially
to bring out and understand the longitudinal patterns in the platform
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management process. In analyzing the data we distinguish, following Van de
Ven (2007, p.217), between incidents and events: “...incidents are operational
observations while events are abstract concepts of bracketed or coded sets
of incidents”. Data reduction was based on the framework of analysis: that is,
was an incident connected to functionality, the technology of the physical
platform, or derivative development. For the first research question (of this
chapter), the problems associated with physical platform management were
identified based on interviews retrospectively asking various actors what the
key problems had been in platform management. In preparing to answer the
second research question, incidents connected to functional and technology
platform management were organized in large spreadsheets according to a
timeline. Based on this data, the key incidents were coded into events (Van
de Ven, 2007) which were then clustered in categories based on the research
framework (Miles and Huberman, 1994). The events and their expected effects
were analyzed and discussed with several key actors in the improvement
initiative team and in the configuration control team within the firm.
The data, from interviews, documents and observations, resulted in individual
case studies of each platform, which were validated by consulting interviewees
and participants in relevant process areas. The case studies describe data
such as the definition of the platform, the extension mechanism applied, the
elements reused in a family of a products, the way project teams connected
to both platform and derivative development, the hindering and supporting
factors of the approach followed.
Additionally, the critical incidents development process of the platform
concept were separately organized in a narrative. The development of the
new platform concept started in ‘Year 0’. Platform A was developed before
this platform improvement initiative was introduced. Platforms B and C were
developed during the improvement initiative, and platform D was executed
later (see Figure 4.3). As such, the team set up for the platform improvement
initiative was involved in the development of Platforms B, C and D.
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In order to compute the required metrics, three steps were carried out. First, a
product family map was created in order to understand the platform/derivative
structure. Second, the data were accordingly organized in large Excel sheets.
Third, platform and derivative costs, changes, and cycle times were calculated;
then, based on these, the metrics were computed. All the data management
and analysis was performed using MS Excel 2008. Our aggregated dataset
comprises of records on four platforms (i.e. Platforms A – D) which were
developed in the period 1999-2008. Table 4.2 summarizes the sampled projects
and the data collection methods used.
4.3.6 Measures of platform R&D efficiency
The study uses efficiency matrices to evaluate the performance of platforms. In
this study, platform R&D efficiency is defined in terms of the costs, engineering
changes, and cycle time required to generate derivatives relative to those
associated with the platform itself. In order to analyze the efficiency of the FT
platform concept, three metrics are employed (see Table 4.3).
First, the platform cost efficiency is calculated. According to Meyer, Tertzakian,
and Utterback (1997) and Meyer and Lehnerd (1997) platform efficiency
performance is related to whether a platform provides the technological
leverage needed to create products derived from the platform. When the
platform development costs are high relative to the total costs of derivative
platform development, platform development performance is said to be high
(Meyer and Lehnard, 1997).
Secondly, platform stability is investigated. In line with Meyer and Lehnerd (1997),
platform stability is viewed as an appropriate metric for platform efficiency:
an efficient platform design enables the easy generation of derivatives with
fewer design changes than with one-off designs. Here we should note that
an engineering change can be interpreted as an innovation implemented to
a design after its release. Fewer engineering changes in derivatives than in the
platform suggests that the platform design delivers a common base for the
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Program managers, project members

Program managers, project members

Development of
platform B

Development of
platform D

Program managers, project members

Development of
platform A

Program managers, project members

From each sector, one team member. The
sectors being: service, supply chain,
manufacturing, software development,
mechanical development, mechatronical
development.

Configuration
control team

Development of
platform C

Members
-Three senior project members with a
development engineering background.
- One senior project member with a supply
chain management background.
- One senior project member with a
manufacturing engineering background

Project
Configuration
management
project team

Development of the platform
and four derivatives.

Development of the platform
and five derivatives.

Development of the platform
and five derivatives.

Development of the platform
and four derivatives.

This team manages changes to
designs released to production.
The team is permanently
connected to platform
management and decides
whether a product element will
be generic or customer specific.

Role
The team was responsible for
the platform improvement
initiative.

2006 – ...

2003 –
2009

2003 –
2008

1999 –
2004

2004 – ..

Timeline
2004 –
2009

Data collection method
- Direct observation of meetings throughout
the case study period
- Detailed notes recorded in a log
- Twice-yearly interview rounds with all team
members during four years resulting in 25
interviews
- Two workshops
- Various project documents, such as:
minutes of meetings, progress reports,
platform procedures
- Direct observation of change assessment
meetings
- Detailed notes recorded in a log
- Twice-yearly interview rounds with all team
members resulting in 29 interviews
- Two workshops
- Various project documents, such as:
minutes of meetings, progress reports,
engineering change management
procedures.
- During the case study period, the following
data were extracted from the SAP and TCE
engineering information systems: financial,
engineering changes, cycle time
- Interviews with: project leaders, product
development managers, project planners
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Table 4.2 Data collection
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efficient generation of variants, i.e. the platform design can be reused across
derivatives with fewer engineering changes.
Thirdly, alongside cost efficiency and stability, data were collected on the
platform cycle time efficiency of a carrier platform compared with the cycle time
of a derivative (see Table 4.3). In measuring cycle time in development, Griffin
(1993) observes that many scholars do not clarify whether the same amount
of development work is done in less time, or whether less development work
is carried out through significant reuse, in getting a product to market in less
time. In this study, the cycle times of platform projects which are similar in
terms of workload are compared. Moreover, in order to get a clear picture of
the workload allocation to both the platform project and its derivatives, the
project effort is accumulated over time. Meyer et al. (1997) argue that a product
platform, while taking longer to develop than its derivatives, can provide
efficiency if it allows the rapid generation of derivative products. The cycle
time efficiency is consequently defined as the time to develop a derivative
compared with the carrier platform development cycle time. As such, the cycle
time efficiency of a platform and its derivatives is a logical metric for platform
R&D efficiency performance. In line with Griffin (1993), the cycle time of both
platform projects and derivative projects is measured as the time between the
concept being generated and the manufacture of platforms and derivatives.
Based on this, the cycle times of derivative projects are compared across the
platforms.
Following the approach suggested by Meyer and Lehnard (1997), a product
family map is made to describe the sequence and timing of the platforms
together with their derivative products. Based on the constructed timelines,
the costs, number of engineering changes and the cycle time of platforms and
derivatives are computed. If platform R&D efficiency is improved by to use of
FT platforms, it is likely that platform management improved sequentially from
Platform A through to Platform D.
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Individual derivative efficiency

   
   
  
   
   
  
  

Meyer and Lehnerd (1997)
define platform R&D efficiency
as the costs to generate
derivatives relative to total
platform costs.
Platform stability is the
number of engineering
changes needed to generate a
derivative relative to the
platform.
Platform time-to-market
efficiency is the time needed
to generate derivatives
relative to the platform.

Platform cost
efficiency

Platform
stability
efficiency

Description

Metric
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Table 4.3 Platform performance metrics
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While the proposed metrics might possibly give the impression that, if the
measured values increase, platform efficiency will be higher, the opposite is
actually true. The metric describes the cost to develop a derivative related
to platform development costs. Consequently, a lower value implies a more
efficient platform. The same is true with the cycle time and stability metrics. The
faster that derivatives are developed, with fewer product changes, the more
efficient the platform.

4.4 Emergence of function-technology platforms
In the first part of our analysis, we focus attention on the environmental factors
that led to the development of FT platforms. These factors allowed one to
define the elements that constitute the platform, and were anchored to our
framework. These factors are first illustrated with some industrial observations,
followed by some company observations, and then extended to more general
conclusions.
4.4.1 Strategic and organizational dimensions of FT platforms
ASML is a leading player in the development of microlithography systems for
the semiconductor industry, and manufactures complex machines that are
crucial in the production of integrated circuits (IC) or chips. Semiconductors
can be found in many applications in our daily life such as televisions, mobile
phones, computers, and MP3 players. At the heart of the semiconductor
manufacturing process, lays the imaging process carried out by a wafer scanner.
A wafer scanner is a special sort of copying machine that prints integrated
circuit patterns from a photomask onto a wafer through a projection lens.
This imaging process is repeated over 30 times on a single wafer to form a
complete, functionally integrated, circuit. See, for example, Levinson (2006) for
an in-depth explanation of the lithographic process.
ASML emerged from a joint venture between ASMI and Philips to become an
increasingly global player in the semiconductor industry. Over recent decades,
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ASML has increased its market share and has become the leading provider of
wafer scanners in the semiconductor industry with over 50% of the market.
Major players in the semiconductor industry demand configurations that are
not only at the cutting edge of technology, but that are also both reliable and
cost efficient. Due to the high rate of innovation and the ability of customers
to specify their end-systems in detail, large numbers of different systems and
components are assembled to produce the final products.
The semiconductor industry can be characterized as having a high rate of
innovation, with the industry continuously improving the technologies applied
in its products. Moore (1965) predicted an exponential growth in the number
of transistors per integrated circuit (IC) and, to date, the industry has confirmed
this ‘rule’, now integrating the latest nanotechnologies into final end products.
Consequently, ASML has to rapidly implement new scientific solutions and
principles on systems that are at the edge of what is scientifically known and
available. As such, the company can be classified as a science-based firm
(Chuma, 2006).
In 1984, ASML entered a market then dominated by two Japanese
microlithography system manufacturers, Nikon and Canon. ASML was gaining
market share by implementing innovations faster than its competitors (Chuma,
2006). Technologically, the dominant breakthroughs saw improvements in the
throughput, overlay, and focus. The firm has been confronted with remarkable
changes in two dominant areas that affected the platform strategy.
One is related to the continuously changing boundaries of what is scientifically
possible and, therefore, the firm has to make fundamental shifts in the
technologies applied. The technologies applied in ASML systems rarely reach
maturity before they are replaced by new ones. As an example, as IC patterns
became smaller, it became impossible to focus most of the diffracted light
onto the wafer with the right density and resolution. In response, resolution
enhancement technology was developed to be able to better condition the
light for projection in a more accurate manner. The second change in the
environment is related to the growth in the number of products with pressure
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on their time-to-market. In order to maintain their market share, the firm needs
to decrease the development cycle of increasingly complex development
projects6. These phenomena reflect the reality that ASML is not only driven by
the need to deliver highly complex new technology, but also by time pressures
due to pursuing competitors.
The changes in the industrial environment have also influenced the complexity
of introduced new products. ASML has to be able to rapidly deliver a broad
portfolio of products to the market while, at the same time, product complexity
is increasing. The number of engineers needed, and the accompanying
organizational complexity for these projects, is greater than ever before.
Given the caliber of ASML’s major competitors, Nikon and Canon, how did
ASML achieve this leading position given the increasingly complex product
and market conditions? One of the explanations offered by Chuma (2006) is
that ASML’s success is attributable to its ability to define interim modularity
that can be segmented and divided among engineers for pre-architecture
search and post-architecture fine-tuning. He defines interim modularity as the
classification of incomplete modules, in advance of development, defined by
the mapping between functions and components7.
Second, a significant response by AMSL to the increasingly complex market
was to define product families that together cover a market segment. In 2004,
the products were segmented based on a high level of physical definition, and
the market was covered through defined product families. Nevertheless, in
the platforms we studied, although the products were segmented by market,
this was in terms of product architecture, and the platforms were not modular.
The market segments were divided into high-end, medium, and low-end
markets based on product performance. However, this segmentation was not
supported by fragmented product architectures that would allow the flexible
generation of variants. Modules were defined at such a high aggregation level
that configuration suppleness across several of the offered machines was not
enabled. The formulated modules were defined in terms of a collection of
6
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components that were based on earlier final designs but which had changed
physically.
Thus, the products do overlap in terms of delivered functionality and applied
technologies but, on the component level, they vary substantially resulting in
one-of-a-kind supply chains. ASML realized that a new method was needed
to cluster design artifacts in such a way that they could easily be divided
over teams and reused over products. To emphasize the need for improved
commonality within ASML’s product families, the vice president of development
& engineering announced in 2006:
“ASML is not reaping the benefits of having a modular system design, and we want
to change that. The goal is to make a limited number of basic building blocks that
enable us to create a wide variety of systems. Although the concept of configuration
management sounds simple, it is a complex activity in the environment wherein
ASML operates. Part of the process is already in place, the challenge now is to
exploit that commonality in the supply chain.”
In response, the platform strategy was adapted to increase economies of scale,
reduce complexity in delivering highly customized variants, and enable the
rapid implementation of new technologies. The platforms embraced included
not only modules, but also common functionalities and technologies. The
reason for not developing a platform based on physical modules, but rather
modifying the platform strategy to cover the reuse of functions, is explained in
the following subsections. We start by clarifying the problems in formulating
modules in the ASML situation and elaborate on the emergence of functional
and technical clusters. Subsequently, building on the site observations, a new
concept of platforms is presented.
4.4.2 Segmentation and reuse of development artifacts
ASML systems, technically, have a nested structure. In developing end products
in microlithography, the overall performance cannot be assured in the systemComplementary to this traditional ex ante modularity definition, Chuma (2006) defines ‘interim
modularity’ as an incomplete modular architecture that is developed during the early developmental stages. This definition is consistent with the idea of modules being defined to the degree
that this is possible with the available knowledge. The FT platform concept more precisely specifies
interim modules by distinguishing domains within which modules can be defined.
7
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design phase by simply quantifying the performance of each key component
in advance. Each system has to be optimized by taking into account the actual
behavior of the individual components in use. Moreover, key performance
indicators of a wafer scanner (such as the throughput of wafers, the overlay
accuracy, and the resolution of the imaging pattern) are derived from all the
subsystems of a wafer scanner, and therefore a change in one subsystem
will affect many others. For example, increasing the handling speed of a
wafer handler will almost certainly create new demands on the reticle stage,
and changes in illumination require different projection lenses. Further,
each module needs to be tested and approved for each specific customer.
Even ASML’s standard microlithography equipment requires 4–10 days for
final assembling, another 20–30 days for customizing to chipmaker-specific
specifications, and another 20–30 days after installation for final testing at the
chipmaker’s site (Chuma, 2006).
In such a situation, an a priori modular architecture becomes almost impossible
because the tolerances of microlithography systems are much tighter
than those on each key component (Chuma, 2006). In terms of modularity,
ASML concluded that lithography systems were far from the ideal situation:
many functions are only realized through the interplay of many physical
components, and therefore many components are affected by a change in a
single functional requirement. Thus, an ASML machine does not demonstrate
perfect modularity, not only because of the number of overlapping functions,
but also due to the complexity in trying to segment functionality within groups
of components. Therefore, in the development of microlithography systems,
which rely on highly advanced but yet undeveloped technologies, predefined
modularity with standardized interfaces is unachievable. Given this realization,
it was accepted that it was not possible to define a platform based on common
physical modules.
Ulrich (1995) argued that the complexity in achieving modularity is attributable
to high levels of function sharing and geometric nesting of components in order
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to improve global system performance since this conflicts with modularity.
The ASML case study supported this view in that the demanding performance
criteria for new products often required radically new technological solutions
that are functionally nested and geometrically intertwined. As a consequence,
the technological evolution of a physical platform is highly uncertain and
difficult to define in advance: modules and interfaces within the platform are
continuously changing. Further, the ASML case study reveals that having a
confusing definition of a platform and its derivatives, in terms of versions and
variants, makes it difficult to establish a stable platform on which to build a set
for derivatives. Here, this was especially the case because ASML systems are
often engineered to meet specific customer orders, which further jeopardizes
the stability of product platforms and results in even more changes in the
physical domain.
Based on the case study, it can be concluded that the ASML subsystems are
not modular in terms of the traditional definitions advanced by Ulrich (1995),
Suh (2001), and Baldwin and Clark (2000). Ulrich sees product architecture as
the scheme through which the function of a product is allocated to physical
components. The traditional idea of modularity, as proposed by Ulrich (1995),
is a definition based on inter-domain modularity. As such, modularity is an
optimal mapping of functions and components in such a way that changing
one function does not require changes in many others (Ulrich, 1995). Here,
in this study, we distinguish between physical modularity and functional
and technical modularity and, based on induction from the case study data,
introduce a new concept of platforms based on functional and technological
modules. In line with Ulrich (1995) and Suh (2001), functional and technological
modules are defined by grouping both functions and technologies in such a
way that an optimal mapping is achieved between functions and technologies.
Consequently, decoupled designs, and thus decoupled development projects,
are achieved through an optimal mapping linking functions to technologies.
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4.4.3 New platforms defined: commonality in the functional and
technology domains
A central part of the platform strategy is based on enabling segmentation
and reuse of design knowledge. Segmentation of the product is achieved by
decomposing system functionality into work packages for engineers to work
on. This broken down structure enables knowledge reuse between platforms,
and also within platforms in the development of variants. Instead of setting up
a completely new organizational structure for a new development program,
the organizational clusters of technical expertise are maintained when setting
up a new platform. Given the complexity of the products and the demanding
market, the product segmentation had previously been carried out on an adhoc basis, linked to physical parts that could not be defined in advance of
development.
The structuring and clustering of functions in functional decoupled groupings
is labeled a functional architecture. At ASML, the functional groupings in the
functional architecture are referred to as functional clusters (FCs). FCs are
deemed modular if the couplings between functional elements within the
cluster are stronger that the couplings among clusters. A system can be broken
down into a single-level list of FCs. Similarly, a technical architecture is built
up of groupings of technologies that are stable in terms of the functionality of
each technical group. At ASML, these groups are called technical clusters (TCs).
Several TCs could exist for a single FC, and vice versa. With this, variety can be
generated by selecting or removing common or specific FCs and/or TCs. This
principle forms the basis for a new concept of platforms which is discussed
below.
To enable appropriate segmentation of product functionality into manageable
groups that could be solved by project teams, a new platform concept was
formulated based on functional clusters (FCs) and technology clusters (TCs).
The platform, represented by FCs and TCs, is made up of a collection of
common functions and common technologies that are applied in a family of
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Figure 4.4 Hierarchical views of the platforms domains
Figure 4.5 FC and TC structure

121

4 FUNCTION TECHNOLOGY PLATFORMS

products (see Figure 4.4). Functional clusters are the grouping of elementary
functions and more advanced functions in a functional group that is consistent
in terms of overlap, synergy, interfaces, etc. Examples of FCs are handling,
positioning, sensing, controlling, and infrastructures (e.g. mechanical, software,
electronics). FCs are assigned to functional cluster owners who are responsible
for the functional performance of the attributed FC and who reuse design
documentation across product generations.
The technology domain outlines the technology clusters (TCs), that is, the
common and specific hardware and software technologies used across various
products. The technology clusters are made up of component technologies
and basic technologies, grouped in such a way that they together describe a
machine function. TCs are not physical units, but rather a grouping of the basic
and component technologies that make up a product, tailored to the needs of
specific departments. As such, they utilize a ‘view’ of the product that is most
relevant to the needs of development engineers. During TC formulation, the
exact nature of, and the mapping to, physical components is not fully specified.
Rather, in the development stage, TCs comprise interim clusters of technologies
that have to be further developed into physical modules. They comprise
solution principles described by mechanical, electrical, and/or software
working principles. A good example is the principle on how to measure the
position of a wafer immediately before it is exposed to light. This measuring
problem is solved by involving various TCs and, consequently, various physical
solutions for each TC may be present.
The clusters are defined in the technology domain of a design. This definition
of technology clusters influences the definition of platforms. From now on,
a platform can be defined in terms of TCs in the technology domain, rather
than in terms of modules in the physical domain. Common TCs are those that
are identical in every product within a platform, whereas specific TCs enable
the generation of variants. TCs can form the basis for the development of
technological and functional variants. Consequently, the function-technology
platform captures knowledge about the breakdown of functions into sub- or
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elementary functions (represented by FCs) and the allocation of those functions
to technologies (represented by TCs).
The physical domain shown in Figure 4.5 comprises the hierarchy of systems,
sub-systems, and components. Components can have their own versions and
variants. Note that a change in physical parts within a TC can eventually lead
to a new version of that TC. Despite this, TCs do not have to be fully defined at
the start of a new development. When derivatives are required, the process
of identifying new parts starts with identifying the reusable functions and
technologies held within TCs. Sometimes this results in the introduction of new
parts based on existing technologies and functions, and sometimes parts are
simply reused. The FCs and the TCs together with their allocation principles
comprise the function-technology (FT) platform.
The introduction of the FT platform concept facilitates a clear differentiation
between hierarchies of functions (FCs), hierarchies of technology modules
(TCs), and production modules (PMs). In this way, the decisions required
on ‘what has to be achieved’, ‘what is needed to achieve it’, and ‘how are we
going to achieve it’ are clearly distinguished, as illustrated in Figure 4.5. Note
that before the introduction of the FC/TC concept, production modules (PM)
were already in place. PMs correspond to the more traditional idea of product
architecture, namely based on the grouping of physical elements. On the left
side of the figure, the product functionality is broken down and allocated to
the FCs. The FCs are then broken down into TCs and engineering can start
designing TCs based on the perceived functionality. After being engineered,
they are configured into production modules, which in turn form the physical
machine.
Based on this new structure, two platform definitions emerge: a structure for
R&D (i.e. the function-technology platform) and a structure for manufacturing
and service (i.e. a physical platform). Table 4.4 shows the definitions that
emerged from the case study data. These definitions illustrate the distinction

123

4 FUNCTION TECHNOLOGY PLATFORMS

between the physical domain related to manufacturing and service, and
the functional and technology domains appropriate to development and
engineering.

4.5 Delivering variety based on function-technology
platforms
The present study adopts a new position compared with the traditional platform
approaches, which are based on physical modules, through the role of the FT
platform at ASML. The major difference is evidently a reflection of the increased
complexity found in science-based industries, but the difference seems to
capture additional challenges in terms of the definition of commonality in the
generation of variants. Based on earlier platform theories, and the case study
data, the purpose of this section is to identify the challenges in delivering
derivatives based on FT platforms. Following this, the effects of FT platforms on
performance are investigated in Section 4.6.
4.5.1 Commonality and distinction of functions, technologies, and
components
The first step in analyzing the case material is assessing the commonality of
FT platforms. This is achieved, based on the framework, by analyzing how the
derivatives are extracted from the common FT platform. Table 4.5 summarizes
the most important platform data found in the case study. Note that the
data are categorized in terms of the platform definition, commonality, and
distinction in line with the conceptual framework.
Data are collected on the commonality within the family of products that
can be related to the platform (see Table 4.5). The differences between the
platforms are illustrated in Figure 4.6. In general, reuse can occur through the
reuse of design artifacts from previous versions or by the reuse of artifacts
across variants within a family (i.e. commonality). Reuse within Platform A
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mainly occurred through the reuse of previous versions, and the reuse between
products was unstructured (see Table 4.4) and limited to version reuse. As such,
the commonality between parallel variants was low. The data showed that,
with Platform A, more time was needed to generate derivatives than with the
other platforms. The data in Figure 4.6 clearly illustrate that Platform A provided
much differentiation delivered with a low commonality, whereas Platforms B
and C have higher commonality but still much differentiation, while Platform D
has a high commonality and low differentiation.
These results support the hypothesis that platform management with
Platforms B, C, and D is improved in terms of platform commonality because
variants could be developed, both functionally and technically, based on the FT
platform. However, a danger of over commonality could be less differentiation8.
Thus, based on these data, it can be confirmed that the FT platform concept,
as implemented during Platform B and C and finalized during Platform D, does
enable more efficient reuse leverage across derivatives.
The next step in the analysis considers the process of generating derivatives
based on the platforms applied at ASML, and compares the version-based
physical platform approach of Platform A with the variant-based approach
used with Platforms B, C, and D. The four cases show different mechanisms at
play in generating variants. It was observed in the case study that derivatives
of platform A are generated by producing new versions in contrast to Platforms
B, C, and D. In Platform B, C, and D functional and technical variants where
developed in parallel.
4.5.2 Platforms and the generation of engineering derivatives
To meet its ambition to efficiently deliver variety to customers, ASML aims to
engineer derivatives from generic designs. For example, a projection lens can
be fine-tuned for a specific customer’s setting. This generation of derivatives

Lower differentiation is observed in Platform D. However, this finding should be treated with
caution: interviews revealed that substantial breakthroughs were made on this platform, and that
ASML had to deal with enormous complexities. As such, the focus was not on differentiation but
on satisfying high-end customers. Further, it is expected that more derivatives will probably appear
later from the newest platform version. Nevertheless, platform commonality was high compared
with earlier platforms.
8
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Figure 4.6 Commonality and distinction of the platforms
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is not achieved by simply selecting from a list of generic or customer-specific
modules. The generation of derivatives is anchored in either a version-based
extension or a variant-based extension (see Section 4.2.4).
Within the cases studied, problems arose when, in customer-specific
engineering, consistency between the generic component and the variants
derived from it were not maintained. As stated earlier, it is difficult to formulate
modules due to the complexity and the rapid changes in ASML’s science-based
products. When solutions apply to a whole product family, the platform design
needs to be adjusted. New platform versions emerge from change to the
physical modules. In the studied platforms, variants could not be defined in the
physical domain. As a consequence, the physical platform alters each time to
become the new ‘standard’ version of the previous product. In other words, the
platform develops according to the current individual customer’s demands and,
consequently, given the required customer variety, the number of delivered
product configurations grows inefficiently and, sometimes, the newest version
of the platform does not meet the requirements of different simultaneous
customers. Moreover, the focus on reuse only relates to the most recent version
and, consequently, commonality only exists between the previous version and
newest design: older designs are not involved. As a consequence, engineers
are version-oriented because of the lack of opportunities to define variants.
The question now becomes what product elements (tangible or intangible) are
used in generating derivatives based on ASML’s platforms? The discussion on
variant-based versus version-based extensions concentrates increasingly on
the stability of the physical domain. If the generation of derivatives is based
on simply selecting physical modules (PMs) to produce a new product variant,
the extension is based on reusing module variants in the physical domain. The
other option is to completely redesign a physical module and, here, a new
version is created through the adjustment of physical properties. Our study
revealed that such choices, faced by a company when organizing reuse, are
supported by defining FT platforms. When redefining physical modules, the
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Table 4.5 Data platforms and derivatives
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reuse is based on functions (FCs) and technologies (TCs), and derivatives are
generated by defining FC and TC variants (a variant-based approach in the
functional and technology domains).
Platform A illustrates this point as an example of a version-based extension
mechanism. In Platform A (see Figure 4.7) the extension mechanism was
founded on reusing components of previous versions. The reuse of functions
and technologies was thus on an ad-hoc basis.
In a variant-based approach, one platform covers all variants, and this makes it
possible to deliver greater variety to customers. In Platforms B, C, and D, which
were based on an FT platform strategy, derivatives are generated by developing
functional (FCs) and technical (TCs) variants that have their own versions. Figure
4.8 illustrates the major principles of generating variants through FT platforms.
In comparing both approaches, the question arises whether an FT platform
should be considered as a generation of subsequent versions or as a family of
variants. The answer to this question is both: after its release, an FT platform is, at
any point in time, a family of products. That is, products with the FT platform as
their basis can be sold, engineered, and manufactured. However, FT platforms
are not carved in stone. The original platforms, sometimes called the platform
carrier, usually give birth to derived platforms, which can be interpreted
as newer versions of the existing platform. Hence, the firm delivers a large
portfolio of products, but in an efficient and profitable way. Nevertheless, such
an approach could have a strong impact on the complexity and management
of numerous field configurations, and could lower the overall commonality
within the company’s product portfolio. Interviews support the view that such
an approach could be the best balance between platforms completely frozen
after their release, and the one-of-a-kind approach to development.
In generating derivatives, before the introduction of TCs and FCs, development
managers had to choose between either design reuse based on physical
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Figure 4.7 Extension mechanism
Figure 4.8 Version-based extension mechanism
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components (which often did not meet the new requirements) or no design
reuse at all (which could bring a complete project out of control in terms
of budget and time). The FC/TC structure enabled ASML not only to reuse
functionalities and technologies in a common platform, but also to structure
the distinctive parts of a product in terms of FCs and TCs since both can
be generic or customer-specific. Derivative generation has become more
structured through the introduction of FT platforms because this enables the
definition of both overlapping and varying functionalities and technologies.
Figure 4.8 shows the possible types of reuse through the application of FT
platforms.
Before defining FT platforms, ASML was experiencing difficulties in managing
derivatives in the life cycle of platforms. Whether a new solution results in a
new platform, or is a new version of the current platform, is difficult to decide.
Further, it is difficult to assess whether old versions of platform designs have
become obsolete or still apply to a range of products. The same applies to
managing functionality and technologies. Responding, for example, to a
customer request for a changed product functionality introduces a new and
complex type of decision, namely whether the new version becomes the
standard functionality for all new customers, or whether the solution is one of
a number of variants that can be chosen by customers. In making this decision,
functionality progeny can differ from the physical platform progeny decision:
more physical solutions with the same functionality can exist or be developed.
It was observed that the FT platform strategy supported the definition of
‘overlap’ between products in a product family by clearly distinguishing
functional, technological, and physical versions and variants.
4.5.3 Enabling a new organizational form
The experiences gained from the platforms studied highlight dangers in
focusing on single designs in product development. A consequence can be that
project performance measures are based on single products, without taking the
leverage advantages of generic designs into account. Development projects can
end up competing on individual designs against other development projects
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in a company’s portfolio, resulting in inefficiency in offering variety. In addition,
activities such as impact analysis, version management, and configuration
management become restricted to single project contexts. Nevertheless, as
soon as platforms are introduced, individual engineering changes may have
repercussions for the platform as a whole and this can jeopardize the platform:
derivative projects are not stimulated to reuse platform designs.
In the studied projects, it was observed that establishing an FT platform with a
clear definition of the commonality between functional and technical elements,
and thus a clear definition of the overlap between projects, enabled projects
to identify common goals. In principle, FT platforms enable system engineers
to divide products into workable packages, define specification goals, and
allocate resources. As an organizing principle, hierarchy allows one to break
down complex systems, either product designs or organizational structures,
that consist of interacting parts (Simon, 1962, Chuma, 2006)9. Assembling
organizational forms requires prior knowledge about the arrangement of
subsystems in the parts and in the whole. In science-based industries, this
segmentation stretches the limits of an individual’s information processing
capacities. It was observed, during the course of the implementation of FT
platforms B, C, and D, that segmentation based on the intermediate technology
domain enabled ASML to segment design artifacts.
This new organizational form, based on the segmentation of projects
according to FCs and TCs, could impede the effectiveness of ASML in delivering
variety. The FC/TC structure enables the formation of cross-functional teams
in development organizations within which functions are known, but their
physical overlap remains uncertain. These, and other observations, indicate
that this way of working was prevalent in the minds of engineers involved in
the platform development. Despite this, the TCs enabled them to formally and
rigorously define the functional overlap of the constituting FCs. A goal in using
FCs and TCs as a coordination mechanism to structure development projects
was to involve key people early in a development project.
Chuma (2006) noted the information panopticon effect, i.e. the more hierarchically visualized a
basic product structure, the more that people start to discover the essence of the composition of
the whole and the parts.
9
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Our interpretation of the findings is that, in the case of complex science-based
development projects with long lifespans, development activities should
be organized based on the structure of FT platforms rather than following
physical (modular) platforms. Comparing both approaches (traditional versus
FT platforms), we saw that if there is high uncertainty about the nature of the
solution principles to be further developed, the need for segmentation based
on FCs and TCs is even greater. As such, an FT platform offers two advantage: it is
a configuration mechanism to define engineering variants, and a coordination
mechanism to segment and organize new product development projects.

4.6 Impact of function-technology platforms on performance
With the aim of evaluating whether ASML has improved the commonality in
derivative development by implementing FT platforms, the effectiveness of
the platform development process has to be evaluated. In addition, the effects
of FT platforms on cycle time performance, commonality, and distinction
performance and on platform efficiency are analyzed.
4.6.1 Cycle time performance
In general, if platform management stimulates the effective use of resources,
and learning takes place, platform efficiency will improve (Meyer et al., 1997).
Figure 4.9 shows the cumulative percentages of effort needed to develop a
carrier platform and its derivatives. The linear trend lines indicate the slope
of the cumulative effort. The cumulative percentage effort is computed by
totaling the development costs made during the development of the platform
and of its derivatives over time presented in percentages. The figure shows
the percentage of the effort allocated to derivative development, which for
Platform A is greater than for Platforms B and C. Note that the overall costs
of developing derivatives based on Platform A are significantly greater than
for derivatives of other platforms, suggesting greater efficiency in the other
platforms (B, C, and D).
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In general, the steeper the line, the sooner the capacity has been allocated to
projects. A steeper slope reflects an improved cycle time during the course
of the FT platform implementation initiative. In the figure, the slopes have
increased from 3.98 to 10.35 with later projects. In developing Platforms B, C,
and D, the improvement initiative implemented several crucial improvements
in FT platform management and the figure suggests these have had a positive
effect on cycle time.
The results suggest that the FT platforms (Figure 4.9: Platforms, B, C, and
D) allow better preparation for a new developmental program, and faster
allocation of capacity to development teams, due to a clearer definition of FCs.
This observation is related to the organizational structure of the development
organization. The subprojects in product development are structured around
the main components of the product, and the basic teams are structured
based on these main components, according to the technologies involved.
That is there are mechanical engineering teams, software development
teams, and microelectronics teams etc. As such, the team structure for a
platform development project can be determined after the functions are
allocated to technologies. In other words, the project organization for platform
development mirrors the structure of the platform in the technology domain.
This opens the way for assigning TCs to FC owners and, thus, contributes to the
rapid allocation of work packages within projects.
Moreover, the results suggest that a greater percentage of the platform design
could be reused in generating derivatives and that this is leading to improved
cycle times. However, the data should be interpreted with caution since there is
a possibility that the technological challenges in Platform A were greater than
with the other platforms.
4.6.2 Efficiency analysis of the platforms
In this section, the effect of FT platforms on overall platform R&D efficiency is
analyzed based on the metrics proposed in Section 4.3.6. Figure 4.10 shows the
derivative efficiency on the left-hand Y axis, represented by the dots, and the
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overall platform efficiency on the right-hand Y axis, depicted by the doubledended arrows (note that the scales on the two Y axes differ). The horizontal axis
reflects the costs of derivatives relative to platform costs. From this graph, one
can conclude that the overall platform efficiency improves with later platforms,
i.e. the value of the metric falls. This indicates that platform management
improved over time in terms of cost allocation. The increase in platform
efficiency seems to parallel the FT platform initiative: platform efficiency ‘fell’
from 0.239 to 0.094 during the development and implementation of the FT
platform concept. Improvements can be observed in platform efficiency
with Platforms B and C. A possible explanation for this is that, in these later
instances, the implementation team started by defining and communicating
methods to manage commonality from the start of the project. Although the
concept matured during the initiative, the fundamental steps had already been
taken, and the majority of the development organization informed about it,
early in the development of Platforms B and C. Hence, the findings based on
this metric are consistent with our expectations that platform development
will have improved over time.
Platform stability reflects how many changes were proposed to the carrier
platform compared with its derivatives. Figure 4.11 shows platform stability
efficiencies computed from the ASML dataset. The figure is laid out in the
same way as the previous one; the dots linked to the left-hand Y axis indicate
derivative efficiencies, and the horizontal arrows linked to the right-hand Y
axis reflect overall platform efficiency. In line with the previous findings, this
figure suggests that platform stability has improved from 0.516 to 0.089. Values
are provided here to maybe clarify this point. For Platform A, the number of
engineering changes initiated on the carrier was 1553 and, on average, 1643
engineering changes were initiated on the derivatives. In comparison, there
were 1187 engineering changes proposed on Platform D, but an average of
only 662.5 changes initiated on its derivatives. Inserting these values in the
stability efficiency formula presented in Table 4.3, gives the earlier values.
This finding suggests that ASML has improved its ability to frontload changes,
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which is beneficial since it is widely recognized that late changes cost more.
Further, engineers at ASML seem to have improved their ability to design a
platform that is better suited to generating derivatives.
Figure 4.12 shows the results of the computations using the cycle time efficiency
metric. Again, the figure shows this efficiency both for platforms and their
derivatives. The figure clearly shows an improving trend: from 1.057 to 0.558 in
platform cycle time efficiency. A somewhat surprising result was the fall off in
performance in Platform D relative to Platform C. Possible explanations for this
could be an increase in platform scope or greater technological challenges in
Platform D development. This seems plausible given that the products being
developed are at the cutting edge of technology and several fundamental
technology changes were made to Platform D. Nevertheless, Platform D
demonstrates a substantial improvement over Platform A.
In general, it can be concluded that, following the program, derivatives can
today be extracted from current platforms more efficiently, with greater speed,
and with fewer engineering changes. The related assumption is that when
the workload, changes, and time needed to develop derivatives are small
compared with comparable figures for platform development, the platform is
efficient. Overall, it can be argued that FT platforms have contributed to the
improved platform performance at ASML.

4.7 Discussion and implications
In this chapter, based on an in-depth field study, we have developed a platform
concept that enables both the configuration of engineering variants and
the coordination of development projects. Following the argumentation of
Suh (2001), it rests on a new definition of design artifacts that distinguishes
three domains: the function domain, the technology domain, and the
physical domain (Erens and Verhulst, 1997). A new platform concept, the FT
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platform, is postulated that complements the rapidly growing literature on
product platforms by exploring the applicability of platforms to science-based
industries.
The results of the study show that adopting platforms based on physical
modules is not, at least in science-based equipment manufacturing industries,
a sinecure. Science-based industries can be characterized by the short
period between scientific discoveries and their industrial implementation
(Chuma, 2006; Goto and Odagiri, 2003). This does not allow stable platforms
based on physical modules. In the manufacturing of science-based industrial
equipment, the functional domain is well known, and this domain is relatively
stable, although the required values for each function are becoming ever more
ambitious. Given this, the physical modules are difficult to define in advance
because function components are difficult to allocate.
Our objective was to assess the potential of FT platforms in science-based
industries. The study showed, based on data gathered on-site from multiple
sources, that FT platforms contribute to performance. We believe that the
framework and analysis presented in this study do provide an extension to
the existing theory. Platform definitions based on intangible elements do exist
(e.g., Meyer and DeTore, 2001; Roberson and Ulrich, 1998; Hofer and Halman,
2004), but the precise meaning of the constituent elements is lacking. This
study contributes by detailing FT platforms based on intangible elements.
Although the initiation of this study was a collaborative process, and did lead
to improvements at the case company, it should not be interpreted as action
research or viewed as a field experiment.
4.7.1 Linking the results to the framework
This section will discuss whether the case study supports the framework
presented earlier in this study. Previous studies have noted the importance of
the commonality and distinction dimensions (e.g. Sköld and Karlsson, 2007;
Halman et al., 2003) and of distinguishing between functional, technological,
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and physical product information domains (e.g. Erens and Verhulst, 1997).
These ideas formed the framework for the study.
This study has produced results that corroborate the findings of previous
work. It has outcomes that support the view that platforms can comprise
both tangible physical elements and intangible elements (e.g. functions,
technologies) shared by a set of products (Roberson and Ulrich, 1998; Hofer
and Halman, 2004; Sköld and Karlsson, 2007). Despite this view, the literature
does not assist in the identification of intangible platform elements, which is
regarded as a challenging task (Muffatto and Roveda, 2000; Ulrich, 1995). As
a consequence, there is virtually no evidence of reusable elements in sciencebased industrial equipment manufacture, with one notable exception: Chuma
(2006) reports on the success of ‘interim modules’ in a case study.
Chuma (2006) claims that in the development of microlithography systems,
which depend on highly advanced but undeveloped technologies, upfront
predefined modularity with standardized interfaces is impossible. He argues for
interim modules as a means of coping with incomplete module specifications.
However, his study does not offer a precise definition of an interim platform.
Our research comes to the view that interim modules need to be defined
before knowing the exact nature of the physical modules, which conforms to
the findings of Chuma. However, these elements can be more precisely defined
by distinguishing the functional and technology domains, and by defining
platforms, families, and variants and versions of these.
The case study validated the proposed framework using various sources of data.
Firstly, the distinguished development domains were supported by the case
study. Design documents are described that can be located in one of the three
distinct domains types, which were also proposed by Erens and Verhulst (1997):
functional specifications relating to product functionality, technical product
specifications relating to technologies, and drawings relating to physical
components. Furthermore, these domains were reflected in the development
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phases and in the development organization. In the concept development and
high-level design phase, functionality (i.e. the functional domain) is connected
to solution concepts and principles (i.e. technology domain). In the detailed
design phase, these solution principles are connected to possible physical
realization options (i.e. the physical domain). Platform elements, i.e. common
design information elements, can be defined based on these domains.
Secondly, the results indicate that all the domains presented in the framework
can form a basis for design commonality and distinctiveness. The case study
found various platform elements that have different positions within the
framework. Designers can reuse functions (FCs), technologies (TCs), and
production modules (PMs), defined respectively in the functional, technological,
and physical domains. The earliest case investigated, Platform A, is defined
in the physical domain and the extension mechanism is based on physical
artifacts (PMs). Platforms B, C, and D are positioned within the functional and
technology domains (FCs and TCs), and derivatives (i.e. variants) are generated
using functional and technological artifacts. Consequently, based on the case
study, it can be concluded that platform commonality can be based on physical
parts, technologies, and/or functions. Combining these domains and the
platform dimensions (commonality and distinctiveness) enables one to classify
the design artifacts that form the foundations of various platform types.
It is interesting to note that the cases with an FT platform (B, C, and D)
demonstrated reduced complexity in the ‘fuzzy’ front-end stages of
development compared with Platform A. The study showed that adopting
an FT platform enables the early break down an overall system to develop in
solvable work packages and enables to allocate them to projects. The analysis
of the platform management processes reveals that companies can benefit
from platform thinking by mapping, early in the innovation cycle, functions
to technologies (thus creating an FT platform) despite the lack of a grand
theory linking all the technologies together. This can be viewed as the main
contribution of the study. To date, the exact nature of this process has not been
fully understood nor properly documented.

142

PLATFORM STRATEGY FOR COMPLEX PRODUCTS AND SYSTEMS

To summarize, it can be concluded that the FT platform concept is represented
by the first two columns in the conceptual framework (Figure 4.2). The FT
platform comprises common functions and technologies (i.e. the first two
columns) that form the basis for generating variants (all columns). However,
further case studies are required to provide external validity, and so modesty
and cautiousness should prevail, especially given this need for further
corroboration. Thus, although it can be argued that ASML represents a typical
manufacturer of science-based equipment, further case studies are needed to
generate external validity for FT platforms. Although some promising steps
have been made by ASML in formalizing FT platforms, more research needs to
be undertaken to fully represent and structure FT platforms. Fortunately, there
are plenty of opportunities for future research on formalizing FT platforms.
4.7.2 Implications for industry and academia
The platform strategy outlined above is of direct importance to management
since it enables development managers to more easily structure and reuse
complex development tasks. FT platforms provide a relatively simple concept
to guide science-based development organizations in rapidly delivering new
products. It is argued that FT platforms are applicable across science-based
equipment manufacturing industries.
Based on the results, it can be argued that establishing an FT platform will allow
the efficient generation of variants within a family of science-based products.
It is encouraging to find that it is possible to manage platforms through the
technology domain in a science-based development organization because
this aligns with natural thinking when it comes to product development. The
present study is based on a detailed framework of analysis, itself based on
earlier research. Further, the results of the study tie in with the findings of Erens
and Verhulst (1997), which were drawn from science-based medical equipment
manufacturing. As such, we are encouraged to assume that our findings can
be generally applied to firms manufacturing industrial machinery that can be
characterized by complex capital-intensive products.
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Finally, considering a broader industrial spectrum, the current study should
not be used to make judgments on mass producers and engineering-based
industries that have a ‘built-in’ variety in their platforms, and that freeze designs
once they are released to production. Lessons that could be learnt from other
branches of industry remain for further research. Although our study is limited to
four platforms observed within a single company, the results add considerably
to the understanding of product platforms. By grounding our study on detailed
data collected on-site, we complement the existing platform literature by
presenting in-depth analyses of a leading science-based firm. Most previous
studies have been based on interviews, survey data, or mathematical modeling,
methodologies that tend to lose at least some of the richness of the underlying
phenomena. In comparison, the on-site observations allowed us to uncover
new phenomena in a science-based industry. However, it raises questions
typical to case studies concerning bias, reproducibility, and generalizability.
We would argue that by strictly following our research framework, and the
accompanying methodology, we have tended to minimize these problems.
Nevertheless, further research is needed to corroborate the results.

4.8 Conclusions
This study set out with the aim of investigating the potential of product
platforms in science-based equipment manufacturing industries. Elsewhere,
physical modularity and physical platforms help firms deliver variety to the
market. However, in science-based equipment manufacturing it is difficult
to freeze physical realizations because of rapidly changing performance
requirements linked to technological innovations. Research into innovation
management has largely ignored platform applications in science-based
equipment manufacturing. The key problem in adopting and managing
traditional platforms in science-based equipment manufacturing is the
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complexity associated with defining a platform, and its derivatives, based on
physical modules. In these industries, physical modules change quickly over
time and are difficult to define in advance. This jeopardizes the reuse of parts,
both in manufacturing and in service. However, the reuse of design documents
is possible in these industries.
The present study presents a new platform concept that differs from the
traditional platform approaches based on physical modules. The major
difference is that, due to the rapid changes in physical components, the
platform is instead based on functional and technological artifacts. A functiontechnology (FT) platform is defined as the anticipated common functional and
technological architecture and the allocation principles between the function
domain and the technology domain. The findings from the ASML case study
provide substantial empirical evidence that platform management is improved
by implementing FT platforms.
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ABSTRACT
Product platforms are used in many industries to allow a variety of products
to be offered to the market while levering commonality in components. The
reported methodologies to design product platforms assume mature and stable
design and manufacturing technologies. Consequently, product platforms are
not applicable in the semiconductor equipment manufacturing industries,
where the technologies keep evolving and cannot be frozen in the product
development process. In response to the application limitations of traditional
platforms, a concept of function-technology (FT) platform is put forward
to assist the semiconductor equipment manufacturers to efficiently design
product families by reusing, in a structured way, functions and technologies. To
shed light on the diverse constituent elements and the complex relationships
inherent in an FT platform, this study focuses on its structural representation.
A formalism of FT platform representation is developed based on the Unified
Modeling Language (UML). It consists of a generic functional structure, a
generic technology structure and the mapping relationships in between. An
application case in a well-known semiconductor equipment manufacturer is
also reported to present the structure of an FT platform and its representation
based on the UML.
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5.1 Introduction
Product platforms have become a principal fundament and a prerequisite for
profitable product development in many industries nowadays (Holmquist,
2004; Sawhney, 1998). The advantages of developing a number of related
products (the so called a product family) based on a common platform include
speeding up product development process, tailoring products to the need
of different market segments and customers, reducing development costs,
improving design quality, etc. (Skold and Karlsson, 2007). Competitive firms
are increasingly requiring to reuse their assets across products because of
the growing customization demanded in the market. This reuse is, however,
often limited to physical components without reuse of other kinds of product
information. Especially science based firms, that develop complex products and
systems, require the reuse of product information that captures the scientific
knowledge of products.
The definition of platforms reported in previous studies is effected by the
type of product information that constitutes the platform. In accordance
with the authors’ expertise and focus, product platforms have been diversely
conceptualized in the literature, ranging from being general and abstract
(McGrath, 1995; Robertson and Ulrich, 1998) to being industry and product
specific (Ericsson and Erixon, 1999; Sanderson and Uzumeri, 1995). Among the
many definitions and descriptions, two common understandings of product
platforms can be generalized. In one perspective, a product platform is viewed
as a physical one, consisting of a set of well-structured tangible elements,
such as parts and assemblies, which are common to all variants of the product
family to be developed (Ericsson and Erixon, 1999; Muffatto and Roveda,
2002; Wilhelm, 1997). In contrast, the other perspective treats a platform
as an abstract one formed by a set of intangible elements, such as common
structures, knowledge about functions and core technologies; with these
common intangible elements, a product family can be developed (Halman
et al., 2003; McGrath, 1995; Meyer and Lehnerd, 1997; Robertson and Ulrich
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1998; Skold and Karlsson, 2007). In these platform perspectives, however,
a formal representation of platforms is lacking. Building on knowledge on
problems with physical platforms (Alblas and Wortmann, 2009; 2010), the
present research aims to further our understanding of the formal structure of
platform. In particular, this research will more precisely examine the functional
and technical elements that constitute the platforms together with the link
between these elements. This new formalization of platforms is required
because an increasing number of industries are highly complex and sciencebased and thus require to configure product design variants that can be
developed further for specific customers.
Since early 90’s, successful platform applications have been increasingly
reported in the literature. However, most of these applications consider
products in engineering-based industries, such as automobiles, airplanes,
home appliances, personal computers, bicycles, etc. (e.g. Wilhelm, 1997,
Sanderson and Uzumeri, 1997; Feitzinger and Lee, 1997; Whitney, 1993).
Moreover, in most of these applications, the platforms are physical platforms,
including common components, modules and their interfaces. For example, a
platform developed by Volkswagen consists of a floor group, drive system, and
running gear, along with the unseen part of the cockpit (Wilhelm, 1997). Based
on this platform, Volkswagen has developed several models within different
brands, such as Volkswagen, Audi, Seat, and Skoda. In comparison, platform
applications involving products in science-based industries have not been
found (Alblas and Wortmann, 2009; 2010).
Unlike engineering-based industries, science-based industries are characterized
by rapid innovation speed, short time lags between scientific discoveries and
their industrial implementations, complex and capital-intensive products
(Chuma, 2006). One typical example is the semiconductor equipment
manufacturing industries. In these types of firms, they both develop concepts
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that are on the fences what is scientifically known and available and implement
them in commercial products. For example at ASML to increase the accuracy
of position measurement of a silicon wafer a new breakthrough mathematical
algorithm is developed which is directly implemented in a measurement tool
of a commercial product. This fundamentally differs from firms that develop
products based on known solution principles. In these industries, on one hand,
the development of new products highly depends on advanced technologies;
on the other hand, these technologies keep evolving during product design
and production. Consequently, some technologies cannot be frozen in product
development process (Chuma, 2006). This not only impacts the mapping
from the technologies to the physical components, but also prohibits the
application of physical product platforms, which assume mature and stable
technologies (Alblas and Wortmann, 2009; 2010). In addition, the extreme
product complexity together with the frequent technology innovations during
the life cycle of a product family impede defining stable physical modules that
function independently. Consequently, reusing components/modules cannot
be easily achieved. Nevertheless, with well-organized mechanisms, efficient
reuse of functions and technologies is still possible.
Same as in other industries, in the semiconductor equipment manufacturing
industries, product life cycles tend to be shorter; customers increasingly
demand higher variety of options; and global competition becomes more
intense (Chuma, 2006). To survive, semiconductor equipment manufacturers
have to be able to quickly deliver customized products at low costs. In
view of the above application limitations of product platforms, Alblas and
Wortmann (2010) put forward a concept of function-technology (FT) platform,
in attempting to assist structured reuse of intangible design elements (i.e.,
functions and technologies) in the semiconductor equipment manufacturing
industries. An FT platform consists of the common functions associated with a
product family and the technologies to deliver these functions. In addition, it
also captures the interconnections between functions and technologies. Alblas
and Wortmann (2010) have also reported the preliminary results of developing
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FT platforms, including 1) increased reuse of functions and technologies, 2)
reduced development costs and time, and 3) improved capacity allocation.
While the notion of FT platforms is proposed and its contribution to product
family development is empirically studied in the authors’ early work (Alblas and
Wortmann, 2010), the other issues pertaining to an FT platform, such as rigorous
formulation, structural representation, design and development, etc. are left
untouched. The previous work showed some ambiguity in the definition of
platform elements which increased the complexity of managing versions and
variants of these elements and the related products in a family. In this study,
in attempting to facilitate solution development of these issues, we base on
this work and use the ASML case to go a step further to analyze an FT platform
from the structural aspect. Thus, our focus is on the structural representation of
an FT platform in terms of the constitute elements and their relationships. This
structural representation can be used by science-based firms to structure the
versions and variants of functionally and technically defined products within a
family. With the findings in terms of essential elements and their relationships
involved in an FT platform, we believe this study would facilitate product
development planning and structuring decisions and, consequently, influence
the development of subsequent configuration management tools.
The rest of this chapter is organized as follows: In Section 5.2, the requirements
of representation tools are analyzed in accordance with the concept
implications of an FT platform; and the unified modeling language (UML) is
identified as the appropriate tool. An application case is introduced in Section
5.3 with focus on product information, such as the products themselves, the
associated functions and technologies. Sections 5.4 and 5.5 detail the UMLbased representation of the functional and technology structures of an FT
platform, respectively. Also presented are the corresponding case application
results. Section 5.6 provides the representation of an FT platform based on the
UML and the case application result. This chapter is concluded in Section 5.7 by
pointing out the limitations and possible avenues for future research.
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5.2 Representation tool identification
In developing products, the concept of domain is often used to organize the
large amount of product information (Erens and Verhulst, 1997; Pahl and Beitz,
2003; Suh, 1990; Ulrich and Eppinger, 1995). Three typical domains are the
functional, technology and physical domains (Erens and Verhulst, 1997). While
the functionalities that products are expected to realize are modeled in the
functional domain, the technology domain captures the technologies selected
to provide solutions for the functions specified in the functional domain. The
physical domain consists of component items which are to implement the
technological solutions designed in the technology domain. Both functions
and technologies are intangible design elements, whilst component items in
the physical domain are tangible design elements. With the three domains,
product development entails mapping processes between any two consecutive
domains, as shown in Figure 5.1. Appropriate technologies are assigned to
functions according to the desired values of functional performance; and
physical components are specified to implement the technologies taking
into account, e.g., manufacturing capabilities, material availability, economic
factors. In such mapping processes, feedback is often used to refine elements
in each domain.
An FT platform can be viewed as a conceptual structure and overall logical
organization of a product family from the functional and technology viewpoints.
Such a conceptual structure and overall logical organization acts as a generic
umbrella, under which specific functions and the corresponding technologies
can be determined to fulfill customer requirements for specific products in a
family. In this regard, an FT platform includes all the functions associated with
a product family, the possible technologies that can deliver the functions,
and the interconnections in between. With such a conceptual structure, the
derivation of appropriate technologies in accordance with specific functions of
customized products can be achieved. Thus, from the architecture perspective,
an FT platform involves two aspects: 1) a common function-technology (FT)
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structure within which variations in functions and technologies for diverse
products belonging to a family can be differentiated; and 2) the derivation of
specific technologies (or technology variants) in relation to the corresponding
functions from the common FT structure. We first elaborate such concept
implications of an FT platform as follows.
5.2.1 Concept implications of an FT platform
The common FT structure: The common FT structure refers to the generic FT
structure organizing all intangible functional and technology elements in
the functional and technology domains, respectively, that may occur in the
targeted product family. It is formed by unifying a generic functional structure
(GFS) and a corresponding generic technology structure (GTS).
As with the decomposition of a product into assemblies and parts at different
levels of the product hierarchy, the function of a product can be decomposed
into subfunctions and elementary functions. (The function of a product is
the function that customers expect a product to perform. Take a bicycle as
an example, its product function is to transport a cyclist from one location to
another location.) While subfunctions are formed by child functions, be they
subfunctions or elementary functions, the elementary functions cannot be
decomposed further. The implication is that the realization of subfunctions
depends on the realization of the child functions, whilst the realization of an
elementary function is directly achieved by the corresponding technologies. In
this regard, the decomposition entails an iterative process, stopping when all
subfunctions have been decomposed into elementary functions. Thus, the GFS
includes all product functions, subfunctions, elementary functions and their
relationships that are necessary to deliver a product family10. Also included
are the properties describing functions and the possible values that these
properties can assume.

Note that a product can be decomposed in modules, and consequently, each product and/or
module has its own functional tree. This chapter focuses on the configuration mechanism behind
the FT platform; therefore, for illustrative simplicity we do not discuss the relationships among
functional trees.
10
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Similarly, the GTS captures all the possible technologies to deliver the functions
in the GFS. In accordance with the product functions, subfunctions and
elementary functions in the hierarchy of the GFS, the GTS organizes the system
technologies and child technologies at different levels of abstraction. While a
system technology is a composite one including child composite technologies
and/or child basic technologies, a basic technology is an atomic unit having
no child. Thus, a basic technology is directly implemented by components in
the physical domain, a system technology is implemented by the composite
implementation of its child technologies. Each technology is described by a
number of attributes (e.g., air pressure and temperature as the attributes of a
wafer handling technology) and the possible values that their attributes can
assume. Moreover, the materials and/or tools that are necessary to implement
the technologies are also specified.
Unifying the GFS modeling the functional domain and the GTS modeling the
technology domain forms the common FT structure. Therefore, the common
FT structure captures not only the data/information in each individual domain
but also the interconnections (or mapping relationships) between the two
domains. The mapping relationships can be classified into several categories.
One basic category models the positive connections between functions and
technologies, that is, the presence of one function calls for the presence of
certain technologies. In contrast, the other basic category reveals the negative
connections between functions and technologies (i.e., the specification of one
function rules out the adoption of some technologies). The decision on using a
certain technology is affected by, e.g., the functional property values, and the
technology attributes. In this regard, the common FT structure provides the
positive connection between general functions (or function types) and general
technologies (or technology types), whilst it reflects the relationships, be it
positive or negative, among functional properties, property values, technology
attributes and attribute values. In summary, an FT platform contains all data
describing functions, technologies and the mapping relationships that are
necessary for companies to design a product family in the functional and
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Figure 5.1 The three domains in product development
Figure 5.2 The major modules of a microlithography machine
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technology domains. With the presence of similarity, the same types of data
and relationships are organized into a number of classes, such as functional
element classes, technology element classes and relationship classes. In
addition, the relationships can be classified into three types: class-to-class,
class-to-member, member-to-member.
Technology variant derivation. For given functional specifications pertaining
to a product, the technologies and technology details, such as technology
attributes and attribute values, can be derived from the common FT structure.
Such derivation is accomplished using a number of selection and design rules.
These rules can be constructed by considering the mapping relationships
between the GFS and the GTS at both the higher abstract level and the lower
detailed level.
5.2.2 Identification of the representation tool
In literature, many representation/modeling languages or tools have been
reported to accommodate representation/modeling in both a generic context
and a specific problem domain. In this study, we focus on the analysis of an FT
platform from the structural aspect, more specifically, the representation of the
constituent elements and relationships. Three commonly adopted structure
representation tools include the UML (http://www.uml.org/), programming
modeling languages involving predicates and algebraic relations (e.g., Neville
and Joskowicz, 1993; Joskowicz and Neville, 1996) and graph grammars (e.g.,
Finger and Rinderle, 1989; Hoover and Rinderle, 1989). As noted by Vernadat
(1993) and Sutton et al. (1990), programming modeling languages have strong
limitations in readability and understandability since they demand expertise
in computer systems. Graph grammars focus more on individual components
rather than the system as a whole. Due to the above inherent limitations, both
representation languages cannot handle diverse types and large volumes
of data, which is fundamental to an FT platform. Moreover, the complex
relationships among the many data classes and instances in an FT platform
make these last two representation tools inefficient. To clearly represent an
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FT platform from the structural aspect, the tool should posses the ability to
not only explicitly capture the multiple data classes and their specific member
instances in terms of the data structures and characteristics but also sufficiently
model the many relationships among these classes and instances at different
levels of abstraction.
Researchers, such as Larsen et al. (2001) and Yang et al. (2008), have recognized
the necessity of representing various components and their complicated
relationships using the object-oriented (OO) technology. Developed based on
the OO technology, the UML has been recognized as a promising tool to model
complex systems, be they software or non software (Rumbaugh et at., 1991;
Booch, 1994). It has thirteen diagrams, including class diagram, object diagram,
activity diagram, use case diagram, sequence diagram, etc. that are tailored
to specify a system from different perspectives. The class diagram is to model
a system from the structural aspect. In addition, a standardized extension
mechanism is defined, in attempting to adapt this general modeling language
to specific application domains. (See Appendix after this chapter for the details
of the UML’s class diagram and the extension mechanism.) While the UML class
diagram can accurately represent classes and their relationships, the extension
mechanism is able to model member instances and relationships among
them. The OO technique assists in capturing relationships between classes
and members. In view of the many classes of functions and technologies, their
instances and the interconnections among these classes and instances, we
thus adopt the UML to represent an FT platform.

5.3 An application case
As a well-known international corporation in the semiconductor equipment
manufacturing industries, ASML (located in the Netherlands) offers a variety of
machines to the semiconductor industry. In this study, we focus on the design
of functions and technologies for a family of microlithography machines. (Note,
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due to the confidential concern, the original data is modified without losing
the capability to highlight the characteristics of this study.) A microlithography
machine is a special copying machine, printing integrated circuit patterns
from a reticle onto a wafer through a projection lens. It consists of a number
of modules, including a wafer handler, a reticle handler, an illuminator, a
wafer stage, a reticle stage, a projection lens and several electronics cabinets,
as shown in Figure 5.2. Each module fulfills certain functions, which, in turn,
are delivered by a number of technologies. For example, the illuminator and
the projection lens provide and condition the light for the imaging process;
the wafer handler and the reticle handler properly position the reticle and
the wafer, respectively, in the imaging process. Due to the variations among
module variants in the microlithography machine variants, the associated
module function variants differ from one another in their specific functional
properties and the corresponding technology attributes.
For illustrative simplicity with losing generality, we use the wafer handler
module as an example to explain functions and the relevant technologies.
The function of a wafer handler system is to exchange a preconditioned wafer
from a wafer preproduction track to a lithography stage. In this exchange
process, a wafer must be precisely positioned at the right speed and with the
exact temperature. To meet such requirements, this function is decomposed
into eight subfunctions, including Control wafer temperature, Buffer, Get from
track, Center and pre-align, Return to track, Put on wafer stage, Pick from
wafer stage and Control contamination, as shown in Figure 5.3(a). Hence, its
realization relies on that of these eight subfunctions. While these functions
remain common among all variants of the microlithography machine family,
the specific values of the functional properties, such as speed and position
accuracy, vary according to, e.g., different customer requirements.
In general, there is an m:n relationship between product functions and
adopted technologies. In other words, one function is delivered by more than
one technology; and one technology is involved in more than one function. For
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Figure 5.3 The functions and technologies associated with wafer handlers
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example, two functions, Control contamination and Control wafer temperature,
are jointly delivered by a number of technologies, including Air conditioning
system, Pump system, Remote temperature sensing and Temperature control
system, as shown in Figure 5.3(b). These technologies collectively contribute to
the parent wafer handling temperature technology.
We take the subfunction – Control wafer temperature – as an example to explain
functional properties, the possible values and their effects on the technologies
adopted. The control wafer temperature function is characterized by several
properties, including 1) the non uniformity in the wafer and 2) the offset of the
air temperature inside the wafer stage compartment, as shown in Table 5.1.
The first property describes the quality of the uniformity of the temperature
in the wafer and, can assume two values: 20 mK (mK = millikelvin) and 35 mK.
The offset of the air temperature inside the wafer stage compartment defines
the counterbalance of the temperature in the wafer stage compartment with
respect to the lens cool water or the wafer table. It can take on two possible
values: 20 mK with respect to lens cool water and 100 mK with respect to wafer
table.
The delivery of this function involves four technologies, including 1) Air
conditioning system, 2) Pump system, 3) Remote temperature sensing and 4)
Temperature control system. In most cases, each technology is characterized
by a number of attributes; each attribute, in turn, can assume several values.
Table 5.2 gives some examples of attributes for the four technologies together
with some possible values. (Same as the function properties in Table 5.1,
the attributes and the attribute values are, by no means, exhaustive.) The
technology variants differ from one another in different configurations of
technology attributes and the specific values that they assume. For example,
the Air conditioning system is characterized by three attributes, including
Air supply flow, Temperature offset and the Pressure stability. The valid
configurations of specific attribute values lead to different air conditioning
system variants.
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Functions

Control wafer
temperature

Properties

Property
descriptions

Possible values

Maximum nonuniformity in the
wafer.

The quality of
being inconsistent
uniformity among
the temperature in
the wafer.

20mK, 35mK

Maximum offset of
the air temperature
inside the wafer stage
compartment with
respect to the wafer
table.

The counterbalance
of the temperature
in the wafer stage
compartment

20mK, 100mK

Maximum offset of
the air temperature
inside the wafer stage
compartment with
respect to the lens
cool water.

The counterbalance
of the temperature
in the wafer stage
compartment

30mK, 110mK

Note: The unit of measure for both properties is mK (millikelvin).

Table 5.1 Properties associated with the function Control wafer temperature
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5.4 Representation of generic functional structure
In the functional domain, the intangible design elements can be classified into
a number of types (or classes), including functions, product functions, function
clusters, elementary functions and properties. Along with their class-to-class,
class-to-member and member-to-member relationships, these elements form
the GFS.
5.4.1 Entities
•
Function – An entity of the type function represents a function variant
which can be a product function at the top level of the GFS, an elementary
function at the lowest level or a function cluster at any arbitrary
intermediate level. A function is denoted with a phrase consisting of a verb
and a noun, e.g., Provide warm air (a function of an air curtain). While a
specific function instance represents one function variant, a function class
(or a generic function) models a number of function variants of the same
type.
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•

Product function – An entity of the type product function represents
a function variant at the top level of the GFS. It represents the overall
function of the system that a customer wants a product to perform. Entities
of the type product function are defined according to specific customer
requirements.

•

Function cluster - An entity of the type functional cluster represents a
function variant at any arbitrary intermediate level of the GFS. It comprises
a group of functions, be they child function clusters or elementary
functions. The constitute elements of a function cluster are logically
connected with respect to, e.g., overlap, synergy, interfaces. Together with
sibling elementary functions and/or function clusters, they contribute
to parent function clusters at a higher level or the product function at
the top level. Elementary function - An entity of the type elementary
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Technologies

Air conditioning
system

Pump system

Remote temperature
sensing

Temperature control
system

Attributes

Unit of measure

Possible Values

Air supply flow

Cubic meter per hour
( m3/hr)

≥ 400, (300, 400)

Temperature offset
with respect to (w.r.t.)
lens cool water (LCW)
or wafer table (WT)

Millikelvin (mK)

≤ 100 w.r.t LCW, ≤ 50
w.r.t LCW, ≤ 50w.r.t
WT, ≤ 25 w.r.t WT

Pressure stability

Millibar per second
(mbar/s)

5, 10

Air pressure within
the wafer handler

Pascal (Pa)

≤ 2.75 x 102 (Normal),
≤ 3.00 x 10-1
(Vacuum)

Type

Type

Normal, Vacuum

Measurement
accuracy

Millikelvin (mK)

0.1, 1

Type

Type

Chill plate,
Conditioned air flow

Chill plate
temperature

Celsius (C)

(22.5, 23.1), (21.5,
25.0)

Air temperature

Celsius (C)

(21.5, 22.1), (20.5,
23.0)

Chill plate
temperature stability

Millikelvin per minute
(mK/ min)

(12 mK/3min), (15
mK/5min)

Air temperature
stability

Millikelvin per minute
(mK/ min)

(60 mK/3min), (70
mK/5min)

Table 5.2 Technologies associated with the wafer handler function Control wafer temperature
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function represents an indecomposable basic function at the lowest level
of the GFS. In general, elementary functions are specified based on, e.g.,
the functions of existing products, the new customer requirements, the
designers’ expertise.
•

Property - An entity of the type property describes a characteristic of an
entity of the type function. It, thus, defines a performance indicator of the
product/component in consideration. An example of function property is
Accuracy, which defines the precision need of the function: Position wafer.
In most cases, one function has multiple properties. A property specifies
a range of values from which one value has to be chosen in creating a
function variant.

•

Value - An entity of the type value is an assignment of an entity of the
type property. A number of possible values can be assigned to a property.
A specific function (i.e., a function variant) has a value for each of its
properties. In other words, after all specific values of the corresponding
properties of a generic function are determined, a function variant is
obtained.

•

Property value - An entity of the type property value defines a relationship
between a property and a value. It is the combination of an entity of the
type property and an entity of the type value. A set of specific property
value pairs defines a unique function (i.e., a function variant).

5.4.2 Relationships
Following the convention in the UML, the diverse class-member relationships
in the GFS are identified as follows:
•
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Instance_of. An instance_of relationship shows the connection between an
instance and its class. For example, speed can be an instance of the class
property; reduce speed is an instance of the class function; 3 is an instance
of the class value.
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•

Association. An association denotes a relationship between two classes that
involve connections between their instances. For example, in Figure 5.4(a),
the connection between two subclasses PiV (the set of value instances of
the i-th property) and PjV (the set of value instances of the j-th property)
of the super-class property value indicates certain relationships. These
relationships are reified by the links between their instances. They may
be incompatible or compatible. The association (in Figure 5.4(a)) between
property value and property indicates that a number of property values
can be mapped onto the same property, whilst a one-to-one mapping
relationship exists between value and property value.

•

Link. A link represents the connection between two instances. It itself is an
instance of an association. A link may exist in three situations. In the first
situation, it connects two instances belonging to two different classes. In
case one class is the composition of the other, the relationship between
the two instances is “a_part_of”, meaning multiple child functions form
a parent function. As shown in Figure 5.4(b), FC *jj is a part of SF j* . If
the two classes do not have the composition relationship, the connection
between the two instances is either compatible (AND) or incompatible
(XOR). For example, in Figure 5.4(a), PiVii* (the i-th value of the i-th
property of a function) is compatible with PjV ji* (the i-th value of the j-th
property of the same function), while it is incompatible with PjV jj* (the
j-th value of the j-th property of the function). In the second situation, a
link connects two instances of the same class. Such a link can only be XOR
since the instances are options of a generic function (e.g., the link between
FC ii* and FC ij* in Figure 5.4(b), between F j* and Fm* in Figure 5.4(c)).
It means at one time, only one instance can be chosen to represent the
class. In the third situation, a link exists between instances of function and
property, value, property value, as shown in Figure 5.4(c). Such link has a
keyword has. It indicates a function has properties and property values.

•

Dependency. A dependency indicates a semantic relationship between two
classes. The dependency between property and value means properties
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must be bound to actual values in order to express certain meaning. After
the binding, a new class property value is created.
•

Shared aggregation. A shared aggregation is a special kind of aggregation.
It represents the relationship between a part and a whole, where the part
can be a part in a number of wholes. The shared aggregation between
product function and elementary function, function cluster and elementary
function indicates that a number of product functions and function
clusters can share a set of common elementary functions. Figure 5.4(b)
shows the shared aggregation between product function and function
cluster. Note, each product or module can have its functional tree on its
own aggregation level.

•

Generalization. A generalization is the taxonomic relationship between
a more general class (the super-class) and a more specific class (the
subclass). Such a subclass is fully consistent with the super-class while
adding additional information. The connection between product function
and function indicates a generalization connection (see Figure 5.4(b)).

5.4.3 Selection rules
The construction of the GFS depends on a set of selection rules. Representing
design knowledge, selection rules specify the circumstance under which a
function is a constituent of another function or a particular function variant can
be specified. They are defined to present the designers with feasible functional
options. The general form of selection rules is as follows: (consequent) IF
(antecedent),where the relationship OR ( V ) and AND ( ) can be applied to
both antecedent and consequent. For example, for PiVij* , PiV jj* , and PiV ji* :
V

*

*

*

{ F j | F ji } IF { PjV | PjV ji } V { PiV | PiVij }
*
ji

*
i ij

{ PjV | PjV } IF { PiV | PV }

V

V

*

{ Fi | Fij }

*

{ PjV | PjV jj }

(1)
(2)

In the above rules, Fx represents the x-th function class (or generic function);
Fxy* denotes the y-th variant of the x-th generic function; PxV is the set of
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Figure 5.4 Associations and links in a GFS
Figure 5.5 Representation of the generic functional structure
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value instances of the x-th property; and PxVxy* is the y-th value instance of the
x-th property. Rule (1) indicates that when PjV ji* or both PiVij* and PjV jj* are
specified, two function variants Fij* and F ji* have to be selected together to
form the parent function. Rule (2) means the necessary condition for selecting
PjV ji* is that PiVij* is specified.
Selection rules are defined taking into account a set of constraints related to, e.g.,
environment concerns, economic factors, customer requirements. These rules
describe the compatibility of function variants and property values. Hence, in
collaboration with functional elements and their relationships, selection rules
can determine specific functions pertaining to customized products.
5.4.4 UML-based representation of GFS
The GFS represented using the UML is given in Figure 5.5. As shown, a function
can be a product function, a function cluster or an elementary function at
an arbitrary level of the GFS. A product function may consist of elementary
functions and function clusters. In turn, each function cluster may contain its
own child function clusters and/or elementary functions.
One or more functions can have a set of common property values; and the
differences among such functions lie in the optional property values specific
to each function. No function can assume two property values that are
incompatible with each other. In addition, at the same level of the GFS, two
functions with incompatible property values cannot be specified together to
contribute to a function cluster.
5.4.5 Microlithography machine family case
Based on ASML’s practice and the designers’ expertise, the product functions,
function clusters and elementary functions pertaining to the microlithography
machine family have been identified. Also identified are the relationships
among these functions, function properties and property values. Subsequently,
all these function-related design elements have organized as the GFS, as shown
in Figure 5.6. Note, due to the space issue, we show the part associated with
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Figure 5.6 Microlithography machine family case
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the function: Control temperature. The properties and their values used in the
figure are described in Table 5.1.

5.5 Representation of generic technology structure
Similarly, in the technology domain, the design elements can be classified into
a number of classes, including technology, system technology, technology
cluster, basic technology, attribute, tool, materials and expert. Along with the
many relationships, these technology-related design elements form a GTS.
5.5.1 Entities
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•

Technology – An entity of the type technology is involved in delivering one
or more function entities with the perceived physical effects. Together with
others, a technology ensures a proper operation of a product, independent
from the product’s physical shape. It can be a system technology at
the highest level of a GTS, a technology cluster at an intermediate
arbitrary level, or a basic technology at an elementary level. Examples of
technologies are mechanical engineering, software engineering, optoelectronics, hydrodynamics, robotics, etc.

•

System technology - An entity of the type system technology represents a
technology variant at the top level of the GTS. It consists of various lower
level technologies that together deliver the overall function of an end
product.

•

Technology cluster - An entity of the type technology cluster represents a
technology variant. It embodies a group of technologies that is clustered
based on competences, functionality and physical considerations.
Together with others, a technology cluster contributes to the technology
cluster at a higher level or the system technology at the top level.
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•

Basic technology – A basic technology is an elementary unit at the lowest
level of a technology hierarchy and, cannot be decomposed further. Basic
technologies are associated with elementary functions. The determination
of basic technologies, that are compatible to one another, is influenced
by the attribute values in association with the corresponding function
property values.

•

Attribute – An entity of the type attribute defines a characteristic of
a technology entity and, can assume a number of values. Usually, a
technology is characterized by multiple entities of the type attribute.
Typical attributes in mechanical engineering include surface roughness,
heat treatment and material needed.

•

Value – A value entity represents an assignment of an attribute entity.
The attributes together with their corresponding values define diverse
technology variants.

•

Expert – An expert entity is normally an engineer responsible for
developing and/or applying technologies. Experts are clustered based
on their capabilities and expertise in technologies and the corresponding
function clusters as well.

•

Material – A material entity provides the resources that are necessary for
experts to implement technologies based on the supporting tools (see
definition below).

•

Tool - The entity tool is a supporting devise for testing a technology entity.
A tool can be either a physical type, a software or the combination of both.
It is used or controlled by experts and requires materials in implementing
or testing a specific technology.
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5.5.2 Relationships
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•

Shared aggregation. A shared aggregation represents ‘a part of’ relationship
between a part and a whole. For example, a basic technology is a part
of technology cluster; and a technology cluster is a part of a system
technology.

•

Dependency. The dependency relationship between attribute and value
implies that attributes require values to express specific meanings.

•

Instance_of. The same as that in the GFS, an instance_of relationship
between entities in the GTS represents the connection between a class
and its instances. For instance, the class attribute value has a number of
value instances.

•

Generalization. A generalization relationship shows the connection
between a more general class and a more specific class of the same types of
technology elements. The relationship between a super-technology class
(e.g., lithography) and its sub-technology class (e.g., microlithography)
indicates generalization.

•

Association. An association indicates certain relationship between two
classes of technology elements. As shown in Figure 5.7, entities of the type
technology cluster are implemented by tools, which are used or controlled
by experts. In implementation, the tools require certain materials.

•

Link. The same as that in the GFS, a link in the GTS represents the connection
between two instances of technology elements. The connection between
an instance of attribute value and an instance of technology cluster describes
a link, indicating a technology cluster variant is characterized by attribute
values.
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Figure 5.7 Association between technology elements
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5.5.3 Selection rules
As with the construction of the GFS, the construction of the GTS calls for
selection rules. These rules determine whether or not 1) two technologies can be
adopted together to implement one function, 2) two attributes characterizing
two technologies are compatible, 3) two attribute values defining a single
technology are compatible, and 4) two attribute values associated with two
technologies are compatible. For example, if there is an XOR relationship
between two attribute values associated with one technology, the two attribute
values cannot exist at the same time when this technology is adopted. The rule
form is the same as selection rules in the GFS.
5.5.4 UML-based representation of the GTS
Figure 5.8 shows the GTS represented using the UML. It shows that technologies
can be system technologies, technology clusters or basic technologies. Each
technology has multiple attributes with a number of alternative value instances.
Technologies are developed based on knowledge and expertise of experts,
which use tools and materials. The required experts, tools and materials support
the development of technologies. Therefore, the arrangement of technologies
in technology clusters and system technologies delineates the structure of the
organization of experts, tools and material.
5.5.5 Microlithography machine family case
The technologies involved in developing the microlithography machine family
have been identified as a priori. With these technologies, the GTS is constructed.
Figure 5.9 shows the UML representation of the GTS pertaining to the wafer
handling family.
As shown, as constituent technologies, Air conditioning system, Pump system,
Remote temperature sensing and Temperature control system form the wafer
handling temperature technology. Each such technology has a number of
variants (or instances), each of which has a specific values for the corresponding
technology attributes. For example, Air pressure is one attribute characterizing
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Figure 5.8 Representation of the generic technology structure
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*
Pump system. It can assume different values (e.g., P21V211
denoting the values
*
2
less than 2.75 x 10 (normal type), P21V212 representing the values less than
3.00 x 10-1 (vacuum type). A pump system variant, T2*j , takes on a specific
*
value P21V212 of this attribute. The experts, tools and materials are involved in
developing/applying these technologies and, play different roles. Also shown

in the figure are the compatibility (AND) and incompatibility (XOR) between
*
instances. For example, AT13V131
(denoting 5mbar/s) of Pressure stability is
*
incompatible with AT12V122 (representing the values less than 50 w.r.t LCW)
of Temperature offset.

5.6 Representation of the FT platform
Underpinning an FT platform, the common FT structure is formed by unifying
the GFS and the GTS. The unification is accomplished based on the mapping
relationships between the two structures at both the higher abstract level (i.e.,
at the class level) and the lower detailed level (i.e., at the property/attribute
values level). To determine specific technology elements for given function
elements, design rules are defined.
5.6.1 Mapping relationships
The mapping relationships between the two structures can be categorized as
association between classes and link between instances.
•
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Association. The association exists between multiple class pairs in the
common FT structure, thus having a number of different meanings. For
example, the association between function and technology, as shown in
Figure 5.10(a), indicates appropriate technologies are required to deliver
the corresponding functions; the association between property value
class and attribute value enables the specification of technology attribute
values based on given function property values; experts can be grouped in
accordance with function clusters.
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Figure 5.9 Partial representation of the GTS of the microlithography machine family
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•

Link. Connections between function-related and technology-related
entity classes are embodied by the specific links between their respective
*
instances. For example, in Figure 5.10(b) PiVii (the i-th value instance of
*
the i-th function property) selects AT iVii (the i-th value instance of the
*
i-th technology attribute) and Eij (the j-th expert).

5.6.2 Design rules
Design rules are defined in line with a set of constraints in connection with
technical boundary conditions, economical factors, customer requirements,
etc. In addition, certain a priori known geometric and/or software interface
restrictions exist to ensure sufficient margins to realize variability in technology
development. Design rules allow designers to select the appropriate
technologies, materials, tools and experts based on property values of
desired functions. In other words, design rules tie functions in the GFS and the
corresponding technologies in the GTS coherently. The general format of the
design rules follows the same format of the selection rules.
5.6.3 UML-based representation of common FT structure
The UML representation of the FT platform based on the union of the GFS
and the GTS is shown Figure 5.11. Within an FT platform for a product family,
the technologies can be determined in accordance with the given function
specifications. It shows that function properties in combination with their
values have an influence on the specification of technology attributes with the
corresponding attribute values. Appropriate implementation of technologies
can deliver the corresponding function property values.

5.6.4 Microlithography machine family case
With the GFS, the GTS and the identified connections in between, the FT
platform for the microlithography machine family has been constructed. Figure
5.12 shows the part pertaining to the wafer handle family. A set of function
properties and their values are employed to derive the right technologies and
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Figure 5.10 Associations and links between functional and technology elements
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select the compatible resources. In such a derivation process, selection rules are
involved in both configuring valid function elements and the corresponding
technology details. Some examples of these rules are given below.
*
*
{ F1i | F11* } IF { PV11 | PV11V112
} { PV12 | PV12V121
}
(1)
*
*
*
{ FC1i | FC11 } IF { F1i | F11 }
(2)
*
*
*
{ T1i | T11* } IF { AT11 | AT11V111
} { AT12 | AT12V122
} { AT13 | AT13V132
}
(3)
V

V

V

Rule (1) indicates that when the maximum Non-uniformity of the wafer is
*
specified with the value 35mK ( P11V112
) and the Offset is specified on 20 mK
*
( P12V121
) the first variant is selected of the function Control wafer temperature
( F11* ). Rule (2) shows that F11* is a child function of the function cluster
FC 11* . Rule (3) describes that the technology variant, T11* , must be selected if
*
Air supply flow assumes AT11V111
(denoting the values greater than 400 m3/
*
hr); the pump system has an Air pressure of AT12V122
( representing the values
-1
less than ≤ 3.00 x 10 ); and a Remote temperature sensing of the type ‘Vacuum’
*
( AT13V132
).
Based on the FT platform, for given customer requirements, ASML’s designers
first specify the desired functions, properties and property values and
subsequently, derive the appropriate technology variants with respect to
technology attributes and their specific values. Table 5.3 shows both the
function and the corresponding technology details that are derived from the
FT platform for a customized wafer handler. In addition, the supporting tools,
materials and relevant experts are also determined. With these function and
technology details, the customized wafer handler can be designed.

5.7 Conclusions
This chapter introduces the concept of function-technology (FT) platforms,
which we define as a strategy that seeks to increase development reuse
efficiency by formalizing the intangible functional and technical elements. To
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Function

Property

Values

Technology

Air conditioning

Maximum nonuniformity in the
wafer

20 mK

Temprature
control

Temperature
control

Maximum offset
of the air temperature inside
the wafer stage
compartment

20 mK
w.r.t
LCW

Pump
system
Remote
temperature
sensing

Attributes

Values

Air supply flow

≥ 300 m3/
hr

Temperature offset

(400, 200)
mK w.r.t.
LCW

Pressure stability

5 mbar/s

Chill plate temperature

(22.5, 23.1)

Air temperature

(21.5, 22.1)

Chill plate temprature stability

≥ 2.4 mK/
min

Air temperature
stability

≥ 12 mK/
min

Type

Chill plate

Air pressure
temperature within
the WH

≥ 3.00 X
10-1 Pa
Vacuum

Type

Vacuum

Measurement accuracy

≥ 0.1 mK

Table 5.3 Functional and technical details for a customized wafer handler
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help both the researchers and the practitioners with a better understanding,
we focused in this study on the constituent elements and the relationships
inherent in an FT platform. More specifically, we addressed the structural
representation of an FT platform.
The case illustration shows that managing design reuse is likely to be more
difficult because of the complexity and science-based nature of the products.
As noted already, science-based products require different elements that
constitute the platform. The findings presented here clearly show that both
the formal representation as well as the case illustration allows for better
representation of the platform elements of the FT platform. FT platforms
have been proposed as an effective means for the semiconductor equipment
manufacturing industries to reduce product development costs and time and
to improve capacity allocation/utilization. Such reuse eventually leads to the
efficient design of tangible elements (i.e., physical components) by supporting
product development with configuring design variants based on a FT platform.
In addition, the study complements previous studies by providing a clear
definition of FT platforms. Viewed from the architectural perspective, an FT
platform is underpinned by a common FT structure; it enables the derivation
of specific technology details in accordance with the given functional details
pertaining to a customized product. The common FT structure is formed by
unifying a GFS with a GTS, which organize the data and knowledge in the
functional and technology domains, respectively.
It is important to recognize that there are limitations in this research. When
market diversity can be aggregated by defining physical product variants,
it is better for the firm to apply physical platforms in defining variants. As
customer involvement in design and engineering increases, the application
of FT platforms becomes increasingly justified. When the level of customer
involvement in product design and engineering is high (by for example a lead
customer), the strategy can be based on FT platforms. As such, the components
that could constitute a physical platform are changed frequently. The FT
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Figure 5.11 Representation of entities and relationships in the FT platform
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platform approach is applicable in situations where customer orders require
additional engineering. Thus, the FT platform concept enables firms that
deliver products based on additional engineering to reuse design elements.
The study is, however, based on data of industrial machinery manufacturing,
and therefore more case comparison with other branches of industries is
needed for further generalization. Future research therefore could extend this
work to understand the impact of FT platforms in other industries. Furthermore,
we based the representation in this study on one assumption: the mapping
relationships between the GFS and the GTS are available. In practice, due to
the complexity involved, it may not be easy to obtain these relationships; and
in most cases, these relationships are implicitly embedded in the large volumes
of data existing in companies’ databases. In this regard, future research may
be directed to identify the mapping relationships between the functional and
technology domains using, e.g., data/text mining techniques. While structural
representation of an FT platform can present the constituent elements and
relationships from a static viewpoint, it is not able to shed light on the dynamics
of an FT platform, i.e., how the functions and technologies are reused, how
the specific technology details are derived. Thus, another avenue for future
research might be the dynamic modeling of an FT platform with respect to,
e.g., reuse of functions and technologies, derivation of technology details.

Appendix
5.7.1 Class diagram
A class diagram consists of classes and static relationships among them,
describing the structures of models, the elements that exist, as well as the
internal structures and relationships of elements. In a class diagram, classes are
drawn as rectangles, in which there are three compartments (top, middle and
bottom). The top compartment stands for the name of the class, the middle
compartment lists the attributes of the class, and the bottom compartment
lists the operations supported on instances of the class. Both the attribute
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Figure 5.12 The partial FT platform for the wafer handler family
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and operation compartments can be suppressed. The relationships between
classes are drawn as annotated lines between their rectangles.
There are five types of relationships between classes, namely association,
dependency, aggregation, generalization and composition. An association
reflects a binary relationship between two classes, and it can be drawn as a
solid line with some necessary adornments. The adornments include an
association name with or without a small black solid triangle (the point of
which indicates the direction to read the name), multiplicities indicating
the cardinalities of instances of the attached classes, arrows and diamonds
(optional) at the end of the solid line of the association, and role names
(optional) of the attached classes. The association name designates the name
of the association. Multiplicities on associations are written as a number at
each end, with the number applying to instances of the attached class. It can
be shown as a comma-separated sequence of integer intervals representing a
range of integers in the format:
Lower bound..Upper bound
Star character (*) can be used for the upper bound, denoting an unlimited
upper bound. For example, “*” indicates 0 or more, “1..*” denotes one or many,
and a single integer value means the integer range only contains the single
integer value.
The other four relationships are generalization, aggregation (shared
aggregation), composition and dependency. A generalization is shown as a
solid-line path from the specific class (sub-class) to the general class (superclass) with a small empty triangle on the general class end of the association.
A solid filled diamond and a hollow diamond are placed on the end of
composition and shared aggregation at the composite side, respectively. Both
of them indicate a part-whole relation between two classes. Unlike the part
in a composition connection, the part of a shared aggregation can be a part
of a number of wholes. A dependency indicates that the class (client class), at
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the tail of the dashed arrow line usually with a keyword, depends on the class
(supplier class) at the arrowhead, i.e., a change to the client needs the change
to the supplier.
There are two types of relationships between classes and instances: instance_
of and link. An instance_of represents the connection between a class and
its instances by a dashed arrow line pointing to the class with the keyword
<<instance_of>>. Several instances of the same class can share one keyword.
A link is the connection between instances and denoted by a solid line with/
without keyword.

5.7.2 Extension mechanism
A standardized extension mechanism is provided to adapt this general
modeling language to specific application domains. There are three standard
ways of introducing extension to the UML, including 1) adding a profile (a
stereotyped package), which is defined as a set of stereotypes (classes of
metamodel elements), 2) adding tagged values (keyword-value pairs), and 3)
adding constraints. The advantage of the extension mechanism is that a profile
does not introduce any new concepts to the language but rather specializes it
for certain domains. Therefore, with the extension mechanism, the UML can fit
the particular modeling needs of different problem domains while keeping its
integrity. To represent an FT platform in a more precise manner, we adopted
the stereotype instead of tagged values and constraints.
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PART III

ENGINEERING
CHANGE IN
BALANCE WITH
REUSE
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Part III of the thesis discusses issues related to the dichotomy between project
management and engineering change management. For this purpose the
reciprocal effects of engineering management and design process planning
are investigated by an in-depth case study.
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ABSTRACT
In new product development, discontinuous changes to the initial designs
are often proposed for on-going design projects due to evolving insights.
Consequently, the initial work estimates for the project’s work packages do
not match the actual workload. Accordingly, the intended timing of readiness
of design solutions in a NPD program has to be reconsidered. This timing is
one of the causes of discontinuous change propagation which results in
even more engineering changes. This chapter reveals the cause-and-effect
relationships triggered by discontinuous changes and explains the need for a
more integrated approach to managing engineering change.
A longitudinal case study was performed at a leading microlithography
manufacturing company, in which almost 20,000 engineering changes were
included. This study allowed the disclosure of the complexities of engineering
change management and provides guidelines for handling the resulting
problems with managing discontinuous change. In the study, various sources
of complexities in managing engineering change were observed, which hinder
effective implementation of discontinuous innovation. Based on the case
observations, a number of improvement possibilities are proposed, such as (1)
alignment of goals and impacts of discontinuous innovation on all organizational
levels, and (2) planning, monitoring and controlling discontinuous changes as
separate projects. Although further studies are needed to replicate the results,
the study gives a more thorough understanding of factors that could support
the implementation of discontinuous innovation in incumbent firms by using
the engineering change management process.
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6.1 Introduction
In the past decades the main stream of the scientific debate on innovation
management is directed towards environments where the number of products
produced is relative high with a relatively stable and predictable environment
(MacCormack and Verganti, 2003). This research stream is predicated on the
assumption that product development activities are largely predictable.
‘Design it right the first time’ is considered as best practice, whereas relying
on engineering change is viewed as inefficient (Wheelwright and Clark,
1992). A more recent stream of studies assume that when facing turbulent
environments, firms should set out more flexible development processes
(e.g. Burganza et al., 2009). Innovation projects nowadays have to cope with
discontinuities arising from technological and market uncertainties (Bessant
et al., 2005). In high-tech companies this discontinuity cannot be avoided
because discontinuous innovation is critical to long term growth (Rice et al.,
2002). Moreover, many firms struggle with discontinuous innovation since they
are ad-hoc and uncertain, break with excising often counteracting routines,
and they are hindered by long lasting and deep networks of relationships that
support incremental innovation (Birkinshaw et al., 2007).
However, despite of the related risks, for incumbent firms discontinuous
innovations might also be a source of success. These established firms need,
next to their practices in managing incremental change, mechanisms to
respond to opportunities associated with discontinuous shifts (Bessant et al.,
2005). Projects therefore must be able to implement the changes that emerge
from evolving insights in discontinuous innovations. This study postulates that
this capability could be found in the engineering change process. A key problem
in managing projects with discontinuous innovation is how to accommodate
unplanned changes while still aiming to meet the original targets (Gil et al.,
2006). Although a process to manage engineering changes is found in the later
stages of almost all complex product development projects (Terwiesch and
Loch, 1999), the mechanisms to implement discontinuous changes in design
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projects are relatively ad-hoc and fragmented. Therefore firms tend to fall back
more incremental and predictable projects (Birkinshaw, 2007).
To understand the nondeterministic process of NPD projects confronted with a
high uncertainty, this study investigates the ongoing response of NPD projects
to discontinuous engineering change. There is a clear need for an understanding
of the effect of discontinuous changes on development projects because a
project’s environment often creates dichotomous demands with respect to
engineering change. Clients often request improvements related to safety,
quality, or performance; while at the same time they are also likely to demand
quicker delivery. This problem has been addressed by many scholars (e.g.
Genis, 1997; Gil et. al., 2006; Loch and Terwiesch, 2005). Project management
methodologies currently reported in the literature tend to assume stable
milestones and deliverables throughout a project life cycle (Boddy, 2001;
Hong et al., 2004). However, in the initial planning of NPD projects, product
specifications may be unclear and work packages for alternative solutions may
be incorporated in plans, while during project execution product specifications
may be modified and various solution options may be dropped (Van Oorschot
et al., 2005). As such, the activity networks, for instance PERT networks, evolve
over time due to engineering change, and therefore, these approaches are not
easily applicable in product development projects facing volatile environments.
From the perspective of project management, engineering changes are often
interpreted as a source of waste since they are costly, and because they have
impact on planning. Late changes are regarded as dangerous, especially in the
eyes of manufacturing personnel. Making engineering changes to products
already released to production often leads to revised planning and reworking,
intensive documentation efforts and extensive communication among the
parties involved (e.g. Ford and Sterman, 2003; Loch and Terwiesch, 1999;
Riviere et al., 2002). Although it is clear that unbounded change can disturb
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downstream phases, interpreting all engineering change as a burden is overly
simplistic: rather, discontinuous engineering changes are often needed simply
to remain competitive.
Engineering change (EC) can be defined as alterations to products, designs,
documents, etc. after their release to other organizational functions (production,
purchasing, sales, service, etc.) (Terwiesch and Loch, 1999). These alterations
can be initiated both at the beginning of a development program describing
the changes with respect to previous developments, or during a development
program, describing changes with respect to the perceived or actual design. In
addition, ECs can be incremental or discontinuous for a project. An incremental
EC is generated in the context of a project and serves to improve the result of
this particular project. An discontinuous EC is propagated from another project
into this particular project and usually serves other more radical goals than
merely improving the results of this particular product. Such other goals include
reduction of supply chain costs, migration to new platforms, adjustments of
marketing policies, etc.
Although much research has focused on EC management (e.g. Earl et al., 2005;
Eckert et al., 2004; Keller et al., 2005; Loch and Terwiesch,1999), the current
research fails to provide sufficient answers on how to manage ECs in complex
engineering projects (Gil et al., 2006; Nightingale, 2000; Huang and Mak, 1999).
While much documented knowledge is available on the impacts of ECs that are
relatively incremental in nature, there is a lack of research on the impact of more
discontinuous ECs on project workload. Incremental changes can often be
accounted for locally in the project plan, whereas discontinuous changes tend
to be more disruptive, and thus require different coordination mechanisms. In
order to be able to efficiently react to disruptive change, projects need to be
able to plan for change and, subsequently, to be able to provide reliable time
and budget estimates of EC consequences to external clients. The question
addressed in this chapter concerns the complexities in managing the workload
consequences of ECs in development projects. Dealing with discontinuous
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innovation has been widely recognized as an important and challenging area
for research (Bessant, 2008; Birkinshaw et al., 2007). Our study focuses on the
internal mechanisms firms use to manage their innovation activities coming
from discontinuous change. In this study, ‘discontinuous change’ refers to
the implementation of a radical change, often based on new technologies or
processes, in product designs.
Based on an in-depth longitudinal field study, the study explores the sources of
complexity in managing discontinuous change, and then presents guidelines
on ways to reduce these complexities. The study will investigate discontinuous
change in the case of science based projects. Science-based projects in
particular tend to continuously implement new scientific discoveries in
commercial products (Chuma, 2006) and, consequently, new innovations lead
to readjustments to previous concepts through ECs. In science-based industries,
the development of new products depends on advanced technologies, and
these technologies keep evolving during product design and production.
Therefore, in these industries are often disruptive and discontinuous, but still
have well established mechanisms to manage and exploit proven technologies.
The chapter starts by presenting the research framework, the research
objectives, and the methodology. Following this, the results of the case study
are presented, clustered by sources of complexity. Next, the results are critically
analyzed and the chapter ends with implications and conclusions.

6.2 Research framework and objectives
Development projects that face high uncertainty are likely to require ECs at
a late stage (MacCormack, 1998). This impacts on the project goals. Thus, in
complex engineering projects, project goals are likely to change over time.
The study by Salomo et al. (2007) found that goal stability throughout the
development process enhances the performance of new product development
(NPD) projects significantly. Moreover, when projects are confronted with extra
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complexity due to concurrent development (Helms, 2001; Loch and Terwiesch,
1999), downstream requirements have to be implemented through upstream
developments, and innovations in parallel projects may need to be modified
and implemented. This uncertainty and complexity makes project planning
and project control difficult (Slack and Lewis, 2001). ECs tend to create both
uncertainty in objectives and complexity in the structure of a development
project. Therefore, they add substantially to the engineering workload
(Sodenberg, 1989; Clark and Fujimoto, 1991; Terwiesch and Loch, 1999).
This study will focus on the effects of EC on design process planning. ‘Design
process planning’ refers to all the planning activities involved in development
projects. In line with this, ‘EC management’ refers to the management of the
process of making alterations to physical components, designs documents
and/or functions that are released in a formalized form. EC management faces
always a dilemma. On the one hand, quick acceptance of ECs in one project
and immediate communication to related projects may create a stream of
disturbances in many projects. On the other hand, slow acceptance of ECs and
delayed communication to related projects may yield loss of valuable time in
these other projects and may create an even larger avalanche of disturbances.
The question on how to realize the best of both worlds, some ‘middle way’,
remains to be answered.
Based on the above arguments, we distinguish between EC management
and project management in our conceptual model. Project management
is affected by ECs that result from other projects, but these are assessed by
the organizational unit responsible for EC management. EC management
is affected by project management, since it is projects that propose and
implement ECs. This study will investigate the effects of ECs on design process
planning for projects, and the converse effects of design process planning on
EC management. On this basis, our first research question (RQ 1 in Figure 6.1) is:
what are the effects of discontinuous ECs on design process plans and, conversely,
what are the effects of design process plans on discontinuous EC implementations?
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Figure 6.1. Research framework
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In our literature study we found that current literature on project management
and EC management focuses on either the performance of projects (e.g., Salomo
et al., 2007; Boddy, 2001) or the performance of EC management (e.g., Loch and
Terwiesch,1999; Huang and Mak, 1999). In this study, we will investigate how
these performances relate to each other. In general, EC management literature
focuses on product quality and EC throughput time performance; whereas
project planning literature aims to minimize resources, time consumed and
the quality of the deliverables in the project. However, these performances
are related because uncertainty in EC implementations impacts on project
performance, and uncertainty in project performance leads to uncertainties
in the timing and quality of EC implementation. Thus, our second research
question (RQ 2 in Figure 6.1) investigates how these measures relate to each
other: how do project performance and EC management performance relate to
each other?
Figure 6.1 illustrates this dichotomy in EC management and project
management in the form of a research framework. To investigate these
questions we conducted an extensive case study. Before presenting the case
study data, the next section explains the methodology.

6.3 Research setting and methodology
6.3.1 Research design
The research reported in this chapter is part of a four-year study into
innovation management practices. In trying to answer the questions at
the heart of the study, we first analyzed the literature, as is briefly reported
above. Our conclusion was that, extensive research on EC management and
project management has been carried out and reported. However, present EC
management literature focuses on the impacts of ECs on products. In addition,
much attention has been given to the EC process and to optimizing the stream
of EC orders. The project management literature covers various approaches
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to managing projects in general and covers uncertainty in planning, such as
changing goals and uncertain milestones (Hong et al., 2004). Nevertheless,
the mutual impact of EC management and project management on each
other is relatively poorly investigated. In response, this research studies the
management of uncertainties in project plans that stem from ECs and, vice
versa, the management of uncertainties in EC lead times that stem from project
management uncertainties. The key activity linking these two management
processes is design process planning, i.e. the activity to estimate the work
needed in executing the design process.
Given the nature of the research questions, the research project has been
executed as an in-depth case study (Eisenhart, 1989; Yin, 2003). In-depth case
study research enables one to build and enhance theory. Here, a theory-building
approach has been chosen that aims to identify key variables and their linkages
(Voss et al., 2002). Based on the foundations of our research framework, we
analyze case materials, refine the constructs as needed, and present a model
that can enhance the decision-making process on EC management, project
management, and design process planning.
6.3.2 Research site
This study is based on data from a large industrial equipment manufacturing
company producing high-tech microlithography equipment. The equipment
offered is a capital intensive system and plays a central role in the chip
production supply chain of the company’s clients. The company is considered
to be best-in-class in its industry (Chuma, 2006). The company is a product
leader, not a cost leader. Therefore, clients pay a premium price. As such, the
clients have strong bargaining power and can request additional engineering
input for each individual system. The systems are highly complex and include
a large number of different technologies (e.g. software, mechanics, optics, and
electronics) and many different subsystems and components (running into the
thousands).
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6.3.3 Planning of development projects
Before describing the EC management process, we will first describe the
development planning process at the case company that forms the basis of
our research setting. Products are developed in major programs where new
technologies are applied to create a new platform, which serves as the basis
for customer-specific systems. The development process at the case company
has five phases. Note that aspects such as ‘idea generation’ or ‘product portfolio
selection’ are covered in the processes before this development process. The
first phase, the ‘Requirements & specification’ phase, aims to define the high
level requirements for what will be produced during the development process.
The second phase, the ‘Design & decomposition’ phase, specifies the inputs and
the outputs of the total system and sets out to detail the system and sub-system
designs. The third phase, ‘Proto demonstration’, aims to develop a prototype
that meets the specified product requirements. During the fourth phase, ‘Pilot
implementation’, several systems are shipped to customers to gain knowledge
of the ‘field performance’ of these systems. In the final phase, ‘Volume & rampup’, the number of systems to deliver is increased. During all these phases, ECs
appear from various positions both within and beyond the firm (development,
manufacturing, procurement, maintenance, customer, etc.).
In planning projects, two planning approaches can be distinguished, namely
top-down and bottom-up. The top-down approach starts from an accepted
business case, in which the overall budget in terms of time and costs is
established. In the top-down planning, the development work will be broken
down into an ordered set of activities, often referred to as an activity network
or a work breakdown structure (WBS). Based on this breakdown, and the
budget, time and costs will be allocated to sub-projects, and project members
assigned. The project teams start their planning based on their responsibility
for WBS items and their time and cost budgets. In the alternative approach,
the detailed plans are developed by the individual project leaders. The project
leaders have to assess whether the objectives can be met with the available
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Level within the organization

Level within the product portfolio

Organization, level of the engineering change Complete portfolio of products, including
management process.
upcoming developments and developments
already delivered.
Program, a program is a collection of develop- Product family and platform, a program is
ment projects.
responsible for the development of the complete coherent product family together with
the platform.
Project, a project implements a new design.

System or component, a project delivers either
a new component design or a new product design for a system.

Table 6.1 Organization levels and the corresponding product levels
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capacity and time. If there is insufficient capacity or time, the project leader can
seek an increase. This process can be seen as a bottom-up planning process in
that the project leaders assess a proposal from the development manager for
its feasibility. At the case company, this iterative process is frequently repeated
during a development project. In addition to the platform projects, there
are also smaller development projects. For example, after platform launch,
customer-specific development projects continue to be executed to develop
derivatives. Also many smaller improvements to platforms are performed in
smaller projects after formal closure of platform development. Table 6.1 shows
the levels within the organization together with the corresponding product
portfolio levels. The table shows that the organizational level is responsible
for the complete portfolio of products, a program is responsible for a product
family together with the platform design, and projects are responsible for
either a system or a component design.
6.3.4 EC management
As part of changing a design document, engineers propose ECs that seek
permission for the change and communicate it to other projects. At the case
company, an EC not only involves a change to a design document linked
to a current development, an EC can also propose changes to previous
developments at the beginning of a project. Further, ECs can be proposed by
anyone in the entire organization. Usually, ECs are targeted at specific projects,
but their impact may propagate to several other products and even platforms.
These ECs become for many projects discontinuous change, and thus, require
additional work for projects. After their introduction, ECs are assessed by a
change control board (CCB). If the EC is approved, it is implemented in the
form of a (sub-) project within a product or platform design. The EC assessment
focuses not only on development, but on all areas of the business. The CCB is
made up of experts in several fields within the organization including service,
manufacturing, logistics, supply, and development. ECs are mainly assessed on
their impacts on the functioning of the product and on the manufacturability
and serviceability of the products.
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The EC process at the case company is divided into three process phases.
The first phase, initiation, consists of the creation of an EC. In creating an EC,
the submitter must give a reason, e.g. human safety, end-of-life, new part,
functionality, reliability, manufacturability, commonality, cost price reduction,
or a desired change in the documentation of a product. Within the improvement
proposal document, a possible solution must be given with an estimate of the
expected benefits. The second phase consists of assessing the improvement
proposal. The validation of an EC is completed by an interdisciplinary team that
checks the completeness and the quality of the EC. Once an EC achieves the
status of ‘validated’, it will be assigned to a project leader. The project leader
starts with a quick scan of possible solutions and an examination of the EC’s
product impact. This results in a business case. The business case, along with
the proposed design solution, is examined by a change control team and the
CCB. In the third phase, realization and signing off, the EC will be realized in
terms of completing preliminary work, and approved by the Change Release
Board (CRB). The CRB validates the EC and approves the implementation of an
EC in the design. This implementation concludes the EC process.
6.3.5 Procedure for data collection
A single-site case study was chosen in order to be able to study phenomena indepth in their natural setting. The overall study was carried out over a period of
three years, from February 2006 to February 2009, and involved the lead author
for three days a week. Given the longitudinal character of the study, data are
available on several projects over an extended period of time. However,
within the case, several process levels are studied in order to understand the
complexity and the dynamics of the situation and, as such, the study can be
labeled as an embedded multiple-case study.
The research questions led us firstly to investigate EC management, a process
on the organizational level. Further, it required us to investigate project
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management on the program and project level. Alongside these levels, EC data
are investigated both quantitatively, to investigate impacts, and qualitatively,
to investigate the dynamics in relation to development project management.
Thus, the study is based on three levels of analysis, namely:
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•

Organizational – Data are gathered from documents and interviews on the
EC management process. On this level we interviewed every member of
the change control board (CCB) several times. The first cycle of interviews
aimed at describing and understanding the EC management process.
In the second cycle of interviews we asked the CCB members about the
problems related to managing ECs and the difficulties for project leaders
to cope with unexpected change. This resulted in 21 semi-structured
interviews.

•

Program/Project - Analysis is conducted on one development program
comprising 24 development projects in order to collect data on the
dynamics in managing EC by development. Within this development
program we interviewed the program manager, several development
managers (2), project leaders (5), architects (4), and system engineers (2).
Several interviewees were interviewed more than once, because for some
issues more elaboration was needed. This resulted in 18 semi-structured
interviews. In addition we consulted a time writing database in order to
be able to analyze the planned and actual capacity of the development
program. In total, we conducted over 50 semi-structured interviews
at various levels in the organization using open-ended questions. The
interviewees were personnel involved in EC processes and product
development processes. Further, informal conversations were held with a
large variety of personnel and the contents written down during the visits
of the first author the case company.

•

EC - In-depth data on four ECs are collected in order to understand the
process flow related to ECs. In general in the EC process 3 persons take
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the lead in processing the EC, namely the initiator, the owner and the
functional cluster owner. These actors involved in processing the EC were
interviewed, which resulted in 12 interviews. Further, a dataset is analyzed
that comprises 19,896 ECs introduced in the period 2003-2007. In our
study we used an EC database in order to assess the innovative nature of
an EC. The type of EC can be described using an innovation typology as
proposed by various authors (see, for example, Henderson and Clark, 1990
or Sanchez and Mahoney, 1996). Henderson and Clark (1990) distinguish
the following innovation types: (1) incremental innovation, (2) modular
innovation, (3) architectural innovation, and (4) radical or discontinuous
innovation. As such, the innovation type reflects the proportion of a
design concept that is changed relative to what is reused. An EC involves a
change to the ‘core concepts’, or to the ‘linkages in between’, or even both.
Within the development process, three types of ECs can be distinguished:
(1) ECs that arise from radical new functionality as defined by new systems
(i.e. platforms/products) here referred to as discontinuous change because
these changes result in a new dominant design, often based on a new
set of concepts, components, and architecture. The second type relates
to ECs that stem from design improvements in the current specifications
and/or designs often related to as architectural or modular change.
Architectural changes involve reconfiguring an established system to link
existing components in a new way and modular changes modify a core
design concept, but without changing the product's architecture. The
third category of changes is incremental changes that emerge from small
changes during the realization of systems, or sub-systems, often because
they are not performing in line with specifications. Incremental change
refines and extends an established design by improving the individual
components while the underlying core concepts, and the links between
them, remain the same.
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6.3.6 Procedure for data analysis
This approach follows the guidelines laid out by Eisenhardt (1989). The collected
qualitative data were reduced and, based on the research framework (Figure
6.1), subsequently organized into the categories of ‘project management’ and
‘EC management’. The next step was to identify the complexities and problems
in managing EC in both these process areas. More specifically, we analyzed
how the EC management and project management complexities related to
each other. The complexity data categories were anchored in the interviews
and informal meetings, and focused on the dichotomies represented in our
research framework (Miles and Huberman, 1994). These associations were
further validated through two expert meetings always comprising an architect,
a project leader, a CCB member and the authors. This resulted in a overview of
root causes and their relationships. In the subsequent step we compared the
data patterns uncovered with known theories on EC management and project
management.
The quantitative data used for the EC level analysis were first organized in large
Excel sheets comprising thousands of records. Then, these data were combined
with project data on the development phases and the incidents that occurred.
This resulted in a data table comprising both EC and project data. Based on this,
three time-series diagrams were constructed that differ in terms of EC category.
The case study also includes in-depth analyses of four ECs. These ECs were
selected after consultation with members of the CCB. The EC data for these
analyses are drawn from archival records in an EC management database. The
data describe the life cycle transitions of the ECs, together with incidents that
occurred during the life cycle. From this, we were able to extract incidents that
occurred within the EC processes.

6.4 Results
This section is divided in two parts: data about the impacts of ECs on
development projects are discussed in the first part. In the second part,
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problems with managing ECs in development projects are discussed. The
unit of analysis for these data was both the program and project level (see
‘Procedure for data collection’). The reason for this was twofold. First of all, we
want to study discontinuous changes which can inevitably not be isolated in
one project, thus we needed to study a collection of projects. Secondly, we
wanted to analyze the problems with integrating high-level plans with project
plans. In this study the aim was not to investigate the individual projects or cross
compare them. Instead, the aim was to study the program, with the related
projects, as a whole. Within the program one product family was developed
here referred to as ‘Product A’. During the program 24 projects were involved in
the development of different parts of the microlithography machine product
family. The projects can be classified as highly complex and can be regarded as
‘typical’ for the case company. Consequently, on the program level, interviews
were held with program managers, development managers, project leaders,
architects and system engineers.
On the EC level, data was collected based on interviews and based on the use
of databases. In investigating the problems in managing discontinuous ECs
in development projects, the life cycles of four ECs have been analyzed. An
overview of the key data related to each EC is presented in Table 6.2. The table
presents the four ECs for which several problems were observed and analyzed.
Each EC was initiated in different life cycle stages of product development.
Each EC is prototypical for a particular type of change.
Based on the research framework we coded the interview data on project
management and engineering change into problem categories. Table 6.3 gives
an overview of the problem categories found in the case study which will be
discussed in the following. These data reveal issues that are analyzed in the
next section. Thus, Section 6.4.1 presents the data related to the first research
question and Section 6.4.2 shows the data related to the second research
question. Section 6.5 will continue with an analysis of the results presented in
Section 6.4.
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Reason
New part
change

Functionality
/spec change

Administrative
change

End-of-life
change

Name
EC A

EC B

EC C

Table 6.2 Engineering change data

EC D

15-082007

27-042007

12-062007

Start
31-012007

Storyline
EC A was initiated on January 31 2007and created to change the status of a part. Due to technical
reasons, the EC was put on hold in July 2007. Investigations revealed that the change had a
greater impact than expected, which made the release of the EC to goods flow infeasible. After
6.5 months of investigations, it is decided to change the objective of the EC and to attach it to a
new improvement proposal. In January 2008, a new improvement proposal was made with a
new objective. The EC consideration resumed on January 25 2008 and the project team had to
review the complete design change afresh even though the same people were involved. The
disturbances caused by this change to other projects are not known. The engineering change was
due to be signed off on February 13 2008.
EC B is a typical developmental EC: involving redesigning parts. This specific EC focuses on a
request to change the status of a part to R3, which suggests that the design has to be verified by
tests. The EC was created on June 12 2007. Several parties, including customer support engineers
and other experts were involved in reviewing the EC. On December 14 2007, the EC objectives
were extended to include a change to the bills of material (BOM). Although the EC was
submitted for signing off on January 23 2008, the final checks revealed an overlap between this
and other ECs, plus implementation problems in the design drawings. Because of this, the EC was
put on hold since the design drawings could not be archived correctly.
EC C is an administrative change to update the commercial service numbers of several parts.
Several factory items are no longer valid, and reclassified as obsolete, and some identical service
items are introduced. The EC was initiated on April 24 2007 but was rejected when it was sent for
approval because the c-team was not satisfied with the solution. After discussions, it was decided
that services parts would receive other part numbers to prevent possible production orders. The
company guidelines did not support the mixing up of production and service parts. Although the
EC was only an administrative change, it had an impact on the assembly and servicing of all the
installed base and developmental product families. Due to the discussions about the solution
options, the cycle time of the EC was extended by 64 days.
The objective of EC D is to replace an obsolete component with a new version. This change is
often called a last digit change. The change was initiated on August 15 2007, and handed in for
signing off on December 12 2007. The same day, the EC was put on hold by supply chain
engineering because some remarks had not been embedded in the EC. Further, the EC was
affected by two other ECs which resulted in interference. After a new review, the change was
again ready for signing off, and the EC was closed on January 25 2008. From discussions, at least
one project member felt that his remarks were not addressed during the process resulting in a
deficiency. Further, a relatively new project member was included in reviewing the EC during the
signing off and this can cause delays because of extra effort needed to update the new member.
-Long cycle: 143 days
-Unclear business
case

-Late involvement of
the change
assessment team
-Long cycle time due
to 64 days ‘on hold’

-Negative business
case
-Change of objective
-Overlap with other
ECs

Key issues
-Change of focus after
6.5 months due to
evolving insights
-Long cycle due to it
being ‘on hold’ for
205 days

Product/Component: a
new version is
introduced to a
component for one
product type.

Portfolio: several parts
are changed with
impacts to various
products within the
portfolio.

Product family: several
components with
impacts to other
products within the
family.

Impact level
Portfolio: component
change with impacts on
other products within
the portfolio.
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Problem categories
Change propagation

Various levels of
change initiation

EC impacts on plans is
not properly evaluated

EC impacts other
projects within the
program

Resource allocation
problems

Integration problems.

Plans are not realistic
in terms of capacity

ECs have uncertainty
in cycle time

EC product impact is
unclear

Product development
is unpredictable in
terms of cycle time
and costs

Number
Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Project management

EC management

EC management

Project management

EC management

Project management

Project management

Project management

EC management

Process area
EC management

An EC’s business case is typically founded on its expected implementation range. The implementation range of an EC comprises the versions and variants of parts that
are affected. These versions and variants can include work-in-progress products in the supply chain. Therefore, an EC can have impact on both component and
subsystem stocks. Accordingly, an important factor in defining the implementation range of an EC is the expected implementation date. Uncertain throughput times
make this date volatile and, consequently, the implementation range can easily change because the number of product types delivered can alter during the course of a
project. Thus, the state of a design when a change is proposed could be different to that when it is implemented (see also, Alblas and Wortmann, 2010). For example the
problem of EC A was that its impact on other changes is uncertain. The major issues concerning the EC management process were related to changing circumstances
within the design, and this was not limited to EC A. In EC A (Table 2), the objective of the EC was adjusted during the course of the EC process. Accordingly, the
proposed solution can be based on old specifications. Short throughput times reduce this risk. Adjustment of goals was also observed in EC B (Table 6.2). In particular, it
was observed that ECs, especially those initiated during the first three phases of development, tend to change in terms of their goals and impact during the EC
implementation process.
Because of uncertain product impacts of engineering change and unrealistic development plans, product development is uncertain in terms of cycle time and costs. As
a consequence, the EC management process is often experienced as an administrative burden, because when a more radical innovation opportunity emerges and the
product impact is assessed as positive, the project leader often does not receive the budget and commitment to further implement the ECs. On the contrary, strict EC
administration seems to contradict the flexibility needed to stimulate discontinuous change. One interviewed engineer said: “We cannot include all the product quality
criteria in the early design phases. We are aiming on specs and other improvements will lead to an overload in work and complexity of the development process. If all
product quality criteria are included in the beginning of the design process it will be difficult to come up with such high innovative products in time”.

During phases 3, 4, and 5 a significant number of change proposals were initiated due to unexpected extra technological challenges with integration. Especially
discontinuous changes have impact because they require fundamental changes in the design, often resulting in interface changes. As a consequence, there was always
limited time for manufacturing to learn from prototypes. This results in extra engineering change which consequently leads to delays in other projects and programs.
From the perspective of EC impact assessment, changing goals creates serious challenges for the project teams. During the course of an EC, the work connected to that
EC started to diverge from the original ideas. The a priori plan for the change was not the same as the a posteriori implementation. As such, the business case presented
to the change assessment team altered during the course of a change implementation. This resulted in a negative business case for EC B (Table 6.2) and an unclear
business case for EC C. In effect, the development project scope was increased by the ECs.
Not only are ECs initiated on various levels, involving various people, problems can also be observed due to unclear EC ownership in relation to organizational
discipline. For instance, in the process of EC C (Table 6.2), the change assessment team was involved at a late stage. Furthermore, many field configurations were
affected, and therefore, many people needed to be involved. In general, various actors within various departments need to initiate, assess, and implement ECs. As such,
a project is responsible for a part of a product and not for the complete product family, while ECs have impacts on many other projects and products within or even
outside the family. On top, an EC is continuously handed over to other parties in the EC process. Thus, a range of stakeholders become responsible for an EC, and these
stakeholders have different interests, ranging from prevention to unbounded implementation. Like many development organizations, our host company requires
flexibility to absorb changes. However, uncertainty about ownership creates a planning dilemma; planning becomes more ambiguous, once no responsible EC work
package owner is assigned. Almost universally, it is easier to plan with a clear EC work package owner than without one.

In the case company, three general levels can be distinguished. Firstly, ECs can be initiated on the portfolio level, as was the case with EC A (Table 6.2). This often results
in a change to the scope of the functionality to be delivered, and thus covers a portfolio of products. The second level on which an EC can be submitted is the product
family (or platform) level where a change will result in a revision of the scope of a project, and this could have impacts on other projects (see EC B, Table 6.2).
Acceptance of such an EC will result in changes to the project plan. The same is true for changes initiated on the third level, the system or component level (see EC D,
Table 6.2).
Within one project several ECs can occur in parallel. For example, EC B (Table 6.2) had much overlap with other ECs and, therefore, the related work was difficult to
isolate in a separate project work package. As a consequence, the impacts of activities on project plans are difficult to make. The project work packages already starting
to change during early stages of the development program.
The reality behind change initiation on the various levels is that the lower levels impact higher levels and vice versa. Given that various people are responsible for the
ECs, this introduces extra complexity. Initiating ECs on various levels, without aligning their impacts with upper or lower level plans, will result in misalignments
between high level plans and detailed plans. In most cases, during development, various planning levels are diachronically affected, such as when a change in an
activity alters the scope of a project plan and when a change in the project scope affects the activities.
For several project within the program resources were unavailable during the start-up phases of development. Resources were unavailable due to delays in previous
programs. Also during the program projects where continuously asking for extra capacity because of extra challenges coming from ECs.

Example
Changes can occur in parallel, affecting one another and resulting in exploding change propagations. This not only impacts activities within projects, but also activities
of other projects. Many problems to be solved were also applicable to other products.
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Table 6.3 Problem categories and concequences
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6.4.1 Reciprocal effects between project and EC management
Our first research question (RQ 1 in Figure 6.1) is: what are the effects of
discontinuous ECs on design process plans and, conversely, what are the effects
of design process plans on discontinuous EC implementations? To investigate
the impact of ECs on project workload, we analyzed an EC database. For this
purpose, estimates were made of the average impact of an EC in terms of
workload, expressed in employee-hours. Approximately 14% of the proposed
ECs were rejected, but the majority (86%) was accepted. These will require
a substantial labor input from engineers. The number of ECs implemented
per year fluctuates from roughly 3300 to 4500. Note that the typical total
development period of a system is around two years until volume production
starts. The estimated average impact of an EC on development in the case
company is about 400 employee-hours. Accordingly, yearly EC impact varies
from about 1.32 mln to 1.8 mln employee-hours, which is equal to 600 to about
900 full-time equivalents (FTE).
The case study data indicate that all the projects were subjected to a significant
number of change proposals during phases 3, 4, and 5. To illustrate the
spread in initiated ECs during development Figure 6.2 shows the distribution
of incremental innovations, modular and architectural innovations, and
discontinuous innovations.
The vertical lines delineate the phases of the development process. The figure
shows that discontinuous changes are mainly initiated near the beginning
of a development, whereas incremental, architectural and modular changes
are mainly initiated during the later stages of the life cycle. However, the
discontinuous changes initiated have often substantial impact on planning.
Therefore, projects often require planning readjustments especially around the
first shipment date because of their severe impact.
In order to get a clearer picture of the types of ECs, and their impact on
development, a data subset of almost one year (3123 ECs) was analyzed (2007 –
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Engineering changes initiated during the development of product A
Phase
80 0
Okt. '05

Phase 3
March '07

Phase 1
May '06

70
60

Phase 5
Dec. '07

50
40

First shipment
July '07

30
20
10
0
1

2

3

4

5

6

7

8

9

10

11

12

1

2

3

4

5

6

2006

Resources
unavailable due to
delays in previous
programs

450

Phase 0
Okt. '05

Dicontinuous changes

Manny problems to
be solved were also
applicable to other
products

Project workpackages are
already starting to change
resulting in rework for
other projects
Phase 1
May '06

7

8

9

10

11

12

2007

Achitectural/modular changes

Phase 2
July '06

Steady stream of
changes during the
development of
prototypes

Phase 3
March '07

First shipment
July '07

Incemental changes

Extra work due to
unexpected extra
technological challanges
during integration
Phase 4
Oct. '07

Limited time for
manufacturing to learn from
the prototypes which results
in extra work later-on

Phase 5
Dec. '07

400
350
300

Workload

Number of ECs

Phase 4
Oct. '07

Phase 2
July '06

250
200
150
100
50
0

Year 1, Q1

Year 1, Q2

Year 1, Q3

Year 1, Q4

Year 2, Q1

Year 2, Q2

Year 2, Q3

Year 2, Q4

Year 3, Q1

Year 3, Q2

Year 3, Q3

Year 3, Q4

Planned

70

70

70

70

165

165

165

165

66

66

66

66

Actual

19

32

54

109

217

335

396

381

358

293

195

131

Phases:

Figure 6.2. Changes initiated on product A
Figure 6.3 The actual and planned workload during a development program
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2008). The results are presented in Table 6.4. A source of EC complexity is related
to the distribution of ECs along the life cycle. The data show that the length
and the variance of the throughput times of the EC process are high, resulting
in an unpredictable workload and EC implementation dates. This uncertainty
affects the reliability of plans and budgets. The average throughput time of
the ECs is long, and sometimes even exceeds the planned first shipment date
of the product to which the improvement relates (see Table 6.4, averages
and standard deviation of the throughput time in days). Of the total work
resulting from ECs, the results in Table 6.4 show that a large amount is due to
discontinuous changes mostly initiated near the beginning of a project (61%).
Nevertheless, a substantial amount of work is introduced by architectural and
modular changes which can also be interpreted as extra work (lowest two rows
- 39% of work added). Note that the percentage increase in development workhours is based on the estimated impact, calculated by multiplying the number
of changes by the average impact.
To investigate the distribution of the extra work added to a program we
compared the actual and planned workload. In addition, we collected
qualitative data from the program and project team members on problems
that caused extra workload. Figure 6.3 provides an overview of the estimated
workload compared with the actual workload, together with the problems
that causes the extra work. Although not all this workload is a result of ECs,
the interviews do show that most problems are related to discontinuous ECs.
The reason for the high number of changes during phases 3, 4, and 5 is the
innovativeness of the products being developed: the company is positioned
at the cutting edge of technology which calls for adjustments during the
integration phases. Looking at the complete dataset, around half of the ECs
had an impact on five or more of the 38 subsystems of a platform. Although
the impacts at first appear clustered, the interviews revealed that these
impacted subsystems can be seen as integrating parts of the end products.
Hence, changing these subsystems will affect many other systems (~change
propagation) resulting in rework for other project teams (Table 6.3, Problem 1).
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EC Type

Number of
changes
initiated

Avg.
estimated
impact on
development
employeehours

Percentage
increase in
development
workhours

Average
throughput time
in days

Standard
deviation
throughput
time in
days

Total
employee-year
impact

Discontinuous
change: change
resulting from
new functionality for a new platform or product

259

2389.3

61%

220.8

143.9

372

Modular or architectural change:
change resulting
from changing
current specifications

714

161.0

12%

124.3

122.4

69

Incremental
change: change
due to the
malfunctioning
of a part in terms
of the design
requirements.

2150

128.2

27%

105.2

121.6

166

Table 6.4. Change Characteristics

213

6 MANAGING DISCONTINOUS CHANGE

In this study we also investigated on which levels changes can be initiated. In
the case company, roughly three levels can be distinguished. Firstly, ECs can
be of such strategically importance that they impact the complete portfolio of
products. Secondly, ECs can be initiated on the program level. This often results
in a change in the scope of a product. The EC A case example was initiated
on program level (see Table 6.1). In the analysis of EC A the most striking
observation was that the impact of this change on other EC was uncertain,
because these changes often affected different technological disciplines. This
change was formulated on a different aggregation level than for example the
change caused by an obsolete part. Impacts of these discontinuous changes are
difficult to estimate because often integration tests still need to be executed.
The third level on which ECs can be submitted is the project level. Acceptance
will result in change in the project plan. Based on our data, it can be concluded
that ECs are initiated on various levels (Table 6.3, Problem 2). Accepting these
changes on various levels without overall alignment will certainly result in
differences in overall program scope.
Currently, although the product impact of ECs in analysed in dept by the CCB,
the resource allocation discussions for a discontinuous change within the
firm are made on an ad hoc basis without a supporting in-depth analysis of
changes in the workload (Problem 3). As such, resources are mainly assigned
based on bargaining power of project leaders. Although the interviews
show that engineers and project leaders recognize the need for structured
management of discontinuous innovation, it seems not to match with their
project management. The current methodology aims at achieving targets
in time within the budget. The majority of engineering work is determined
by ECs, managing budgets and timing of discontinuous ECs is experienced
as difficult because they are handled the same way as incremental ones. In
addition, many solutions count for more projects, and therefore, have effects
on other projects in the form of readjustments of interfaces (Problem 4). Extra
work caused by many unexpected challenges during the integration of varying
configurations. As a consequence, a considerable amount of unforeseen work

214

PLATFORM STRATEGY FOR COMPLEX PRODUCTS AND SYSTEMS

has to be added in the later development stages. Thus, actual workloads are
often different to the planned workloads and, as a consequence, engineers are
frequently reallocated (Problem 5). As a result, they are often involved in more
than one project, and confronted with unclear tasks. Therefore, due to the
high number of ECs introduced in this phase, there were many coordination
problems during the first shipment phase. In consequence, the number of
systems on which a discontinuous change has an impact varies both in terms
of timing and in terms of impact level (components, subsystems, and systems).
This stream of discontinuous change requires substantial shifts in the
anticipated targets, and therefore, evolving insights cause both changes in the
design itself and changes in the design plans. In the case company, the projects
within the program experienced problems related to integration of subsystems
which emerge during the ‘proto demonstration’ and ‘pilot implementation’
phases (Problem 6). This is due to the fact that despite modules and parts
interfaces being kept as stable as possible, ECs during the design process
still have propagation effects due to their discontinuous nature. In the case
study, it was also found that work packages were, due to evolving insights,
already starting to change after only half a year due to ECs (Problem 7). This
affected other projects within the development program and resulted in a lot
of reworking.
6.4.2 Project performance and EC management performance
To get insight in the mechanisms leading to difficulties in coordination of
discontinuous change in development projects we also investigated the
performance measures of both project management and engineering change
management. Our second research question (RQ 2 in Figure 6.1) investigates
how the performance measures of EC management and project management
relate to each other: how do project performance and EC management
performance relate to each other? The interviews revealed that the availability
of capacity within projects is a key determining factor in the length and the
reliability of EC throughput times. Frequently, problems have to be solved by
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a specialist engineer who is, at the same time, also allocated to other tasks.
Interviewees also reported having problems in acquiring such resources, and
subsequent delays (Problem 8). The impact and timing of ECs over a project
life cycle defines how the EC receiver should react to work coming from ECs.
Attempting to assess ECs without having information on the capacity available
within a project results in unpredictable EC throughput times and, therefore, in
unreliable project planning.
The interviews reveal that when estimating budgets for projects, various aspects
are not taken into account. For example, one problem found in the study was
that capacity allocation can be delayed due to problems in previous projects.
Because of delays in previous developments, resources for current development
project were unavailable at the beginning of the project. This leads to even
more change propagation and evolving insights that have consequently
effects for design process planning; yet, the severity of these consequences
is often uncertain (Problem 9). There is limited transparency on changes made
to each system, leading to additional uncertainty on actual configurations and
therefore leading to longer diagnostic times. Implementation failures cannot
be traced effectively to individual products or families of products. At the
case company, the product configuration is not subject to effective central
control over the product life cycle (i.e., on the program level changes appear
to ‘happen’). This stream of uncoordinated implantation of discontinuous
changes affects other projects negatively which makes product development
uncertain in terms of cycle time (Problem 10).
In EC management, measures such as throughput time are important to
assess performance. However, when throughput times become uncertain the
overall change impact is also volatile. The uncertainty of the impact of the
ECs on the product life cycle also can be reduced by including an appropriate
impact level in terms of products and processes. The discontinuous change
implementation timing has impact on the versions and variants that have to
be changed, and this influences the business case. Thus, an assessor should
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provide both development workload estimates and product impacts of a
discontinuous change. Based on this implementation impact, the release of
discontinuous change could then be planned. In effect, the combined effects
of the change with other ECs could then be properly assessed. As noted earlier,
many contributions to the literature have given attention to product impacts
(e.g. Eckert et al., 2004). Based on the current study, we can state that an impact
assessment should also consider a realistic schedule for a discontinuous EC
and must be aligned with overall program and organizational aims in terms of
feasibility, budget, timing, etc.
The data reveal that, in this company, the design process planning mechanisms
often hinder the successful implementation of discontinuous innovation.
The company should seek a balance that fits both incremental innovation
and discontinuous innovation. On the one hand the case company needs to
define the amounts of control needed to structure the process of incremental
innovation: they are looking for ways to reuse designs and processes over
projects as much as possible in order to minimize risk. On the other hand, the
firm needs for discontinuous innovation variety in their systems and processes
in order to deal with discontinuous changes in the technological environment
and to satisfy specific customer needs. Before we can formulate challenges
that could contribute to this optimum, we need get a deeper understanding
of the root causes for the dichotomy between EC management and project
management. In next section will we will further analyze these root causes for
the dichotomy between EC management and project management.

6.5 Analysis
6.5.1 Root causes for the dichotomy between EC management and project
management
In an attempt to explain the root causes of the uncertainty in product
development, a chain of evidence in presented in Figure 6.4. In the following
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we will give an explanation of this chain of evidence. The associations were
validated through two expert meetings always comprising an architect, a
project leader, a CCB member and the authors.
From the data, we saw that when product development is uncertain, the
EC impact on others is unclear and ECs propagate (‘EC management’ in
Figure 6.4). Thus, the impact of an EC is influenced by other ECs. In addition,
ECs have various levels of change initiation which is partly attributable to
interdependencies of ECs (path c). For example, ECs that have impact on
many components tend to be initiated on a product level. Great technological
changes are likely to result in many evolving insights, and thus frequent ECs.
Change propagation and various level of change initiation lead to frequent
changes of interfaces between components. In effect, integration of products
is often experienced as difficult (path b and g). The uncertainty coming from
change propagation impacts on plans is not systematically assessed in the case
company (‘project management’ in Figure 6.4, path a). Moreover, the uncertain
plans for these ECs lead to uncertainty in plans of other projects (d). Overall,
the above findings show that ECs tend to have additional disturbing affects
within product development caused by various levels of initiated change (f ). As
a consequence, on the program level resource is difficult to allocate to projects
and projects often have to readjust their resource claim (e and h).
In addition in terms of performance, it was seen that this ambiguity affects
product development uncertainty in terms of capacity (j) and the ability to
plan development cycle time accurately (m). This has also an impact on ECs
in terms of planning: due dates alter as a result of changes in the workload
(k), which consequently lead to changes in the business case on the product
impact (l). This further disturbs product development and increases the risk
for change propagation. Thus, although project management is affected by EC
management, the root cause for much disturbance in a development program
are counteracting measures in change assessment by EC management and
change implementation by a project. It is found that this mechanism could
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Figure 6.4 Root causes for the dichotomy in development
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act as a counteracting force, and stimulates projects to change incrementally
and prevent breakthrough discontinuous change, because of the avoidance
of change propagation effects and the difficulties of a project leader to
implement discontinuous change affecting other programs and products. As
a result, impacts on other projects are uncertain which makes project plans in
general even more uncertain and unrealistic (n). This mechanism hinders the
emergence of successful discontinuous innovation. This result corroborates
with the findings of many scholars that claim that existing innovation practices
hinder the emergence of discontinuous innovations (e.g. Bessant et. al, 2005;
Birkinshaw et al., 2007).
6.5.2 Difference in assessment criteria on different levels
While the more incremental changes fit within existing organizations,
discontinuous changes require new technological trajectories and new
networks of activities and people. Strict change assessment and rigid budget
control will almost certainly increase the efficiency of EC management and
project management. However, this introduces the risk that firms stay in their
existing trajectories while many of the potentially fruitful changes emerge
from specialized local engineers.
Within the case company, different approaches to managing development
coexist. Projects mainly aim to deliver a product on time, according to the
specifications, and within budget their constraints: i.e. focusing on effectiveness
in achieving product quality in the view of a single functioning prototype or
system. The EC control board assesses the overall quality of products, including
manufacturability and serviceability criteria: i.e. a product quality approach
covering a product family over the whole life cycle. Development managers
experience difficulties in managing efficiency; delivering a working prototype
as quickly and cheaply as possible. As a consequence, changes are assessed
and approved on criteria different from the criteria used by the project team
that has to implement the EC. In this situation, efficiency is difficult to manage
and the required radical changes for the firms’ long time survival are banned.
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The project team could prefer the, in their view, more pragmatic incremental
changes to meet time to market instead of including the breakthrough
innovation in their designs. In corroboration with our findings, Huang and Mak
(1999) state that in managing ECs a right balance should be sought between
effectiveness, i.e. processing ECs with numerous quality checkpoints, and
efficiency, i.e. rapid and cheap processing ECs, of EC management. However,
in addition in managing engineering change, coordination mechanisms are
required to facilitate discontinuous change. In current methodology they are
regarded as insufficient.
6.5.3 Integration strategic and operational perspective
The above mentioned issues show that most of the root causes of
unpredictability of managing discontinuous change stem from the operational
difficulties in managing budget, impact and timing of discontinuous changes
on the one hand, and the more strategic issues such as innovativeness and
long term growth on the other hand. An interesting finding from the study is
that synergistic aims related to EC management are only valid from a strategic
perspective. Simply assessing discontinuous changes based on their local
project and product impacts does not seem to fit with organizational targets,
since they only aim at local optimization. Given that discontinuous changes
have, first and foremost, objectives on the corporate level, since they often cover
ranges of products and processes, they also need to be aligned with corporate
level plans. As such, a firm is able to facilitate discontinuous innovation and can
harvest efficiently the required break trough changes.
In the host company the impacts of this extra work from discontinuous change
are mainly managed on the project level and, consequently, are not aligned
with program level plans or even the organizational budget allocation. As
a consequence, projects often have to claim unanticipated extra capacity
because of ECs. Although most of the engineering work is admittedly complex
and difficult to plan, extra disturbances are introduced by failing to timely plan
ECs and the resulting workload for the development organization. Together,
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the high-level plans, on program level, and the detailed plans, on project level,
form the backbone needed for managing discontinuous changes in terms of
capacity. Extra complexities are introduced because of misalignments between
these high-level master plans and detailed plans. The decision as to whether or
not to execute a discontinuous EC is mainly assessed on product impact and,
often, the implications for the design plans are ignored.
From a development management perspective, managing changes in products
is a product quality issue. However, managing discontinuous change captures
important facets of product development, and may therefore require a more
nuanced strategic angle to avoid rival projects competing within a shared
budget. The case study revealed that discontinuous changes are assessed
in the EC process by focusing on the technological feasibility, whereas these
changes are planned locally by the project leader. Despite this approach, ECs
can impact on other projects and subsequently affect related projects that
are part of an overall program (change propagation). Hence, discontinuous
changes can affect the workloads of many other projects. Moreover, when local
project leaders make changes to their workloads due to ECs, fluctuations can
occur in the overall program.
Therefore, in managing discontinuous change, it is not sufficient to make only
local assessments of the effects of ECs, but an integrated assessment is needed.
The integrated assessment of an EC involves the inclusion in the business case
of all project and product criteria, and then aligning it with high-level and/
or detailed project plans. For example, an EC in a part should be aligned with
product criteria, and a change in an activity or a work breakdown structure
item should be aligned with overall plans. Figure 6.5 illustrates this principle,
which is in this study addressed as ‘discontinuous change planning’. As can
been seen in the Figure 6.5 (arrow a), ECs can have impact on a component, a
product, a product family (platform) or a broader portfolio of previous or next
generation products. The impacts of ECs need to be assessed on these levels
from a strategically perspective in design process planning. Consequently, the
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Figure 6.5. Discontinuous change planning
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associated budgets can be allocated on respectively the organization, program
and project level (Figure 6.5, arrow b). The EC assessment becomes evaluated
from a strategically perspective and the related levels are realigned in the case
of an EC.

6.6 Discussion and improvement potential
In our study we found several issues that hinder the implementation of
discontinuous innovations. Based on our analysis several factors are found that
could support the planning of discontinuous changes. Based on these findings,
there are several management challenges as outlined below (see Table 6.5).
The first challenge is related to defining aligned goals and impacts in project
management and EC management. Clearly, company goals and project
management goals should be aligned. In the host organization, various goals
are defined on the project and the EC levels, but the current processes result
in these goals being dichotomous. Our study found some corroboration with
the study of Tukel and Rom (2001) on the fact that project managers’ primary
success measure is the quality; however, the situation would be improved if the
quality decision was given a more strategic perspective. The quality assessment
of a portfolio of products differs from the assessment of an individual one. In
the decision-making process on assessing discontinuous changes, a balance
has to be struck between two types of EC impacts: one that focuses on the
impact on development programs and projects, and one that focuses on the
impact on the total product life cycle. These different elements of the business
case can evolve over time, and therefore need to be carefully controlled.
The second challenge relates to the definition of an appropriate impact
level. Discontinuous ECs are important contributors to project management
complexity. Our framework presented in Section 6.5 contributes to defining
the impact level in development. The complexity in defining the appropriate
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impact level often leads to uncertainty about which people to involve, and
which products are to be changed. However, from the case study, a number
of principles have emerged. In particular, the impact of the development
workload should be structured into organizational, program and project
impacts. Further, the product impact should be broken down into portfolio
impact, platform impact, product or component impact, and (if applicable)
individual system or component impact.
The third challenge relates to efficiently, planning discontinuous changes as
projects. Among other facets within development, EC account for a substantial
part of the engineering work, and therefore, ECs should be properly planned.
One approach could be EC batching. EC batching can be observed in the
software industry; software updates are sometimes implemented as a software
patch, which amounts to a batching of software design changes in a so-called
service pack. This aspect has also been addressed by various other authors
(Nadia et al. 2006; Terwiesch and Loch, 1999). However, more attention needs
to be paid to the monitoring of these batches. In themselves, EC batches can be
seen as separate projects with goals and budgets, and therefore require proper
monitoring and control mechanisms.
The forth challenge relates to monitoring and controlling of ongoing EC impacts.
Knowledge about uncertainties could improve the capability of projects
to cope with it (Hong et al., 2004). In line with the findings of our study,
Van Oorschot et. al. (2005) conform that in product development projects
there exist uncertainty about the duration of a design task, the discovery of
unexpected new problems in a design task, and the reprioritization of a work
package by project leaders due to new problems in other work packages. It
is concluded that a monitoring and control mechanism of ECs is not properly
addressed in current project management methodology of the case company,
and might contribute to the firm’s ability to cope with the uncertainties that
relate to discontinuous innovation. Monitoring, which comprises capturing,
analyzing, and reporting performance (PMI, 2000), and control, which involves
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the resulting readjustments to the project plan (PMI, 2000), are seen as essential
(Boddy, 2001). For example, software projects with high-quality monitoring
and control tend to be less likely to escalate in terms of budget (Keil et al., 2003).
Finally, prioritization rules and balancing workload principles should be included
in a change assessment. Loch and Terwiesch (1999) note the principle of
balanced workloads in handling ECs. Currently, in the company studied, a
project leader prioritizes sequences in the handling of ECs. For short throughput
times, several EC handling prioritization options are possible, such as FIFO
and LIFO. Prioritizing this workload on a strategic level, and line balancing
ECs, should improve throughput times. In this way ‘essential’ changes can be
distinguished from ‘desirable’ changes. The latter category can be postponed to
later developments. Furthermore, throughput times will become more reliable
which will enable implementation ranges to be more accurately predicted.

6.7 Conclusions
Based on our case analysis, we were able to provide in-depth insight in the
huge consequences of discontinuous changes for product development.
Limited academic literature was available on the effects of change propagation
caused by discontinuous change on design process plans, and measures to
control these effects are as yet not found in project management handbooks.
Therefore, the cause-and-effect mechanisms related to ECs as described in
this study fill a gap in the existing body of knowledge. This insight provides a
basis to further develop requirements for managing the complexities resulting
from discontinuous changes. This study indicates that design process planning
and EC management, despite their obvious relationship, may not aligned in
practice. Based on these observations, several challenges and suggestions
were developed. These challenges are important because they are expected to
enable the firm’s ability to harvest the advantages of discontinuous innovation.
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EC management

Alignment strategies

Project management

Company portfolio

Integrated planning and
goals

Detailed design plans

Product

Impact assessment

Process

EC

Monitor and control

WBS item

EC release

EC batching

Product release

Company sequence

Prioritizing and balancing ECs

Project sequence

Table 6.5 Improvement challenges
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The study has implications both for practice and research. In practice, the
findings of the study can be used to improve the planning process of innovation
projects confronted with uncertainty coming from discontinuous change. This
article has explained the need for a more integrated approach to managing
discontinuous changes which makes the successful implementation of
discontinuous innovation possible. Specifically, discontinuous changes should
be evaluated from a strategically perspective in order to be able to realign the
companies goals and the project goals. The study postulates various challenges
to achieve that, such as (1) alignment of goals and impacts of discontinuous
innovation on all organizational levels, and (2) planning, monitoring and
controlling discontinuous changes as separate projects.
For research, our study provides variables to be measured in other case studies
in order to assess the severity of the problems associated with managing
discontinuous changes. Various scholars addressed the need for research on
management of discontinuous innovation in incumbent firms (e.g., Bessant,
2008; Birkinshaw et al., 2007). The study shows that for projects discontinuous
innovations are often regarded as inefficient and have impact on goals and
budgets. Most project management methodologies currently reported in the
literature tend to assume stable milestones and deliverables throughout a
project life cycle (Boddy, 2001; Hong et al., 2004). This study contributes to this
dialogue by postulating that discontinuous innovations can be controlled by
using the engineering change management process. The study also highlights
the challenges that are important in managing discontinuous changes in
complex development processes.
Although the case study was based on a multiple embedded design, caution
should be applied in generalizing the findings to other development
organizations. Accordingly, there is a need to replicate this study. Furthermore,
various variance studies could be conducted since the framework implicitly
states a number of propositions that can be tested in future research, which
also would surmount the limited generalizability of the study. For instance,
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future studies could investigate whether faster goal alignment between
projects and companies goals leads to more successful implementations
discontinuous innovations. Altogether these studies would result in a more
thorough understanding of factors that could support the implementation of
discontinuous innovation in incumbent firms by using the engineering change
management process.
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In Part IV the overall conclusions drawn from the thesis are discussed. The
implications of the platform strategy are summarized based on the framework
proposed in Chapter 1.
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7.1 Main findings
Platform applications in complex products and systems have received hardly
any attention. In this thesis we focus in particular on the potential of platforms
in firms producing these complex products and systems (CoPS). The use of
platforms in these industries is difficult because of three important reasons.
First of all, CoPS products often require additional engineering when first
promised to customers and, therefore, the product design cannot be frozen
at release to production. Second, these products typically have long life cycles
which lead to mutual interdependencies between development, engineering,
production, and service. Third, the product development is often highly
complex and science-based and, consequently, it requires an ability to rapidly
implement scientific discoveries in new products.
In response to the reasons mentioned above we distinguished four interrelated
aspects that form a framework of analysis: (1) the type of engineering organization
that defines the freedom of customers to specify additional engineering; (2) the
way products are derived from a platform over their life cycles; (3) the elements
which constitute the platform that differ due to the science-based nature of
product development; and (4) the way platform elements are reused or changed
in highly complex and science-based development projects. To study platform
strategy in CoPS firms we must consider the strong interdependency between
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the factors mentioned above. These aspects are intertwined, because CoPS
firms often allow customers to specify in detail their needs in the beginning of
an order, and sometimes they even allow change after delivery. This influences
the elements that constitute the platform, the life cycle management of a
platform, and the reuse and change management of a platform. Given this
background, our main research question was:
What are implications of the type of engineering organization adopted for the
life cycle of a platform, the elements that could comprise the platform, and the
management of engineering changes to the platform over its life cycle?
In this thesis, the type of engineering organization is characterized by the
order specification level (OSL) which is the freedom of customers to specify
engineering work (explanation OSL levels see Section 1.5). Our findings with
regard to the main research question are discussed in the subsections below.
7.1.1 Platform life cycle management
In response to the main research question, the nature of platform life cycles in
various branches of industry is analyzed. The leading research question (RQ 1)
in that investigation was: ‘What is the difference in the platform approaches
seen in various branches of industry?’ In exploring this research question we
highlighted in a multiple case study, in Chapter 2, several industries that varied
in terms of platform use. In the delivery of industrial machinery customers
often ask for additional engineering, and thus industrial machinery firms can be
characterized as of type OSL 3 or OSL 4 (Section 1.5): customized engineering
based on predefined architectures and/or modules. In industrial machinery
version-based implementation of new editions of products blurs the distinction
between product and platform life cycles. As such, the platform amounts to the
latest version of the delivered product. This not only makes design reuse very
limited, it also makes it difficult to learn from field configurations because no
mechanism is available to trace such learning back to a platform. In contrast,
in the aerospace industry, all safety-related items have strict change control
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due to international regulations and, therefore, are not subjected to customerspecific engineering (i.e. type OSL 5, Section 1.5). However, some minor parts of
a plane, such as those related to ‘comfort’ and ‘exterior’, are open to customerspecific engineering (OSL 3 – 4). Further, automotive industries often operate
on a mass customization basis; a design is frozen on release to production.
Consequently, the engineering organization can be classified as type OSL 5:
decoupled engineering based on end products. The study showed that in such
industries, the product platform concept is used effectively and the platform
life cycle is well managed by information systems. Moreover, platform life cycle
management includes the maintenance of the set of selection rules during the
generation of variants within a product family.
Based on the analysis of various branches of industry, it can be concluded that,
in product development, the life cycle of individual products (PLC) should be
distinguished from the life cycle of product types which are often represented
in a single design (PDLC). Due to the fact that many products can be represented
in a single product design these life cycles are often not isomorphic. In line
with this, it was concluded that a separate platform life cycle (PPLC) is required
because this enables firms to assess whether an engineering change during
derivative development could also be applied to other products within the
family, and thus could form the next platform standard. As such, the PPLC
could form the basis for structured distinction between a customer-specific
engineering change, an engineering change applicable for a product type, and
an engineering change that becomes the new standard for all products within
the family.
The second research question (RQ 2) was: ‘What are the requirements for
platform life cycle management applied to complex products systems with
due regard to development, production, and maintenance aspects?’. The
study presented in Chapter 3 shows that development, production, and
maintenance are interdependent in a CoPS firm that develops products on
an OSL 3 to 4 basis. In OSL 3 and OSL 4 situations the platform is subject to
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innovation after the first delivery and, thus, the platform standard changes
over its life cycle. Based on these findings it can be concluded that, next to
platform development, platform maintenance is required to manage the reuse
and change of platform elements during later stages of the life cycle. The
impacts of engineering changes on a platform, and on the related products
already delivered, need to be assessed by defining the platform attributes that
require change management. For example, during development, the ‘handling
functionality’, and/or ‘positioning technology’ attributes could be frozen,
while changes are allowed to physical components. In Chapter 5 we identify
the following attribute types: functional cluster, property value, technical
cluster, and attribute value; and further distinguish these from component
attributes such as size and weight. Furthermore, in assessing the impact of an
engineering change, the impact on the platform life cycle and the timeliness of
the engineering change must be taken into account (see Chapter 3).
7.1.2 Function-technology platforms
Our third research question (RQ 3) was: ‘Which design elements can be
used as platforms in science-based firms that deliver complex products and
systems (CoPS)?’. In Chapter 4, the nature of platforms is investigated in a
firm delivering products on both OSL 3 and OSL 4 bases. The case company
can be viewed as a typical CoPS firm since it delivers complex, sciencebased lithography machinery. Through extensive fieldwork, a new platform
concept was developed that is suitable to science-based industries, called the
function-technology platform. A function-technology (FT) platform is defined
as the anticipated common functional and technological architectures and
the allocation principles between the function domain and the technology
domain. FT platforms allow structured reuse of functional and technological
design artifacts in the development of a family of new products. The FT platform
enables a company to structure this reuse complexity by defining versions and
variants of functional and technology clusters.
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In Chapter 5, we further formalize the platform concept based on the Unified
Modeling Language (UML). The chapter clearly shows how the functional
domain and the technology domain relate to each other. To help both
researchers and practitioners achieve a better understanding, we focused here
on the constituent elements and the relationships inherent in an FT platform.
More specifically, we addressed the structural representation of an FT platform.
7.1.3 Integrated change planning
The final research question (RQ 4) was: ‘What are the effects of engineering
changes on platform design process plans and, conversely, what are the effects
of platform design process plans on engineering change implementations?’ In
Chapter 3, we conclude that a typical engineering change impact assessment
focuses on the product, and the effects on project planning are often
underrepresented. In Chapter 6, the implementation process of engineering
changes to existing designs is discussed. The presented case study focuses on
a CoPS firm that continuously innovates the platform - and derivative designs.
The implementation process of these innovations is called the engineering
change process. Given the long and evolving life cycles of platforms, projects are
confronted with unexpected extra work from engineering change during the
course of development programs. A main finding in the study is that company
goals (e.g. efficiency through reuse) may not be aligned with project goals (e.g.
specific technical solution within budget) due to a division between project
management and engineering change management. As a consequence, EC
implementations and project goals are delayed.
A number of possible improvements to engineering change management are
proposed. An improvement strategy is directed towards aligning goals and
impacts in both engineering change management and project management.
Engineering changes account for a substantial part of engineering work and,
therefore, they warrant proper planning mechanisms. Discontinuous changes

237

7 SUMMARY AND DISCUSSION

need to be assessed on a central level because they have an impact on various
products within the firms’ portfolio. Furthermore they require to be planned as
separate projects. In terms of monitoring and control, the design process plans
should be adjusted based on the business cases made, and the sequence of
changes should be controlled. Alongside these improvements to the formal
structure, the chapter also addresses awareness issues. Given its central
position in CoPS-based firms, engineering change management should be
approached from a more strategic perspective.

7.2 Discussion, implications, and future work
7.2.1 Linking results to the conceptual framework
In Chapter 1, a conceptual framework was presented that related four key
concepts to the platform strategy. This section will discuss the findings using
the conceptual framework. The main purpose of this study was to understand
the dynamics of delivering variety in firms producing complex products and
systems (CoPS). CoPS firms, by definition, employ additional engineering in the
delivery of products to customers and, therefore, the engineering organization
can be characterized as having a broad specification freedom (i.e. OSL 2, 3, or 4).
Based on the results it is likely that different levels of specification freedom lead
to different platform strategies. The platform strategy rests on a proper platform
definition, platform life cycle management, the extension mechanism, and the
change management employed. These concepts have different features in
the range of OSL situations. By shedding light on for example the underlying
extension mechanisms used in platforms, it shows that OSL 3 and 4 situations
have different extension mechanisms than OSL 5 based engineering work. The
study is based on insights of previous studies on the configuration management
and modeling of enterprise artifacts (Wortmann et al., 2000) and earlier studies
on product modeling (van de Hamer and Lepoeter, 1996). Relating principles
such as progeny (i.e. version), life cycle (i.e. state transitions), and hierarchy (i.e.
generalization vs. specialization or aggregation and decomposition) to the
management of platforms provided valuable insights.
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Furthermore, our study extends the work of Erens (1996), and many others,
by distinguishing three domains in engineering design. Based on this, we
are able to define the elements that constitute the platform. Conceptually
distinguishing the function-technology platform from the physical platform is
of direct managerial importance as it enables CoPS firms to deliver products
in a more efficient manner. Chapter 4 presents an extensive discussion on the
validity of the platform notion by relating it to previous work.
With respect to balancing engineering change with reuse, we found that
managing innovations not only relates to platform and product aspects, but
also to process and project aspects. Hence, in addition to the importance
of managing platforms in the delivery of CoPS, project and program
management principles should also be taken into account. Chapter 3 illustrates
the importance of impact assessments, and discusses several aspects that
alter the impact. In line with this, Chapter 6 argues that firms should embrace
integrated change planning in order to manage impact, and that this involves
the continuous alignment of high level plans and detailed plans. In addition,
there are dangers in basing performance measures on single projects because
this stimulates the development of ‘single-point’ solutions. Platform-based
portfolio management could enhance the ability of firms to distinguish platform
projects from derivative projects. Chapter 4 shows that the establishment of
an FT platform can become the basis for a new organizational segmentation
anchored on functional clusters and technology clusters. This is not possible
with the physical platform concept because the physical component structures
are highly volatile.
7.2.2 Implications for industry and academia
Based on the above findings, it is interesting to further consider the conceptual
framework in terms of its implications. While the framework was based on
iterations (‘back and forth’, Dubois and Gadde, 2002) between empirical
data and theory, it nevertheless became clear during this process that the
concepts within the framework were strongly related. By grounding our study
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in detailed data, we were able to identify four important, highly interrelated,
facets of platform strategy in CoPS-based firms. Decisions made on the type
of engineering organization to become, and/or as to which elements are to be
reused or changed, have a direct impact on the possible platform strategies.
With the ability to apply FT platforms, CoPS firms can rationally determine
their variety within a family of products, while maintaining the functional and
technical intersections between them.
To put our results in a wider perspective, Table 7.1 provides a framework
that summarizes some of the findings from the previous chapters in relation
to the type of engineering organization. From an innovation management
perspective, the framework provides guidance on relating practices to the type
of engineering organization. The left part of Table 1 illustrates typical types of
engineering organization, and the right part summarizes the implications for
platform strategy. The results of the study indicate that the platform strategy
can differ in terms of platform elements (i.e. functions, technologies, physical
parts; see Chapters 4 and 5), design freezing (platform maintenance attributes;
see Chapter 3), and platform life cycles and change management (see Chapters
2 and 6). In each instance, the choice among the platform strategies is driven by
the OSL configuration. Nevertheless, the analysis shows that, in the some OSL
configurations, an organization could equally apply both types of platforms (FT
and physical) within their development process.
OSL levels can be used to relate various configurations to the applicability of
product platforms. Highly customized engineering firms (OSL 1-2) only reuse
technological principles in their designs. These firms cannot take advantage
of a common architecture. In contrast, a company at the OSL 5 level is able
to develop, engineer, and manufacture predefined configurations. In such
industries, there are many possibilities to design various sales configurations,
which create the ability to have product platforms based on components. In
these configurations, only limited change is allowed.
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For the purposes of illustration, Table 1 also shows where our studies corroborate
previous research. Based on our study and previous research, certain examples
from industry can be related to various OSLs. Various examples can be found
where firms deliver products based on standard configurations (OSL 5). A good
example is the automotive industry, an industry that applies the principles of
mass customization with platforms (Womack and Jones, 2003). On OSL 3 and 4,
various examples can be found related to industrial machinery manufacturing:
OSL 3 in packing machinery (Muntslag, 1993), and OSL 4 in healthcare machinery
(Erens, 1996). Both cases are typical example of firms developing CoPS. Several
other cases can be found at these levels (e.g. ‘Helicopters’, Eckert et al., 2004;
‘Capital Goods’, Hicks, 2003). OSL 1 and 2 firms can be characterized as typical
engineering firms since these are capability-oriented in their selection of
orders (Wortmann, 1992); that is, they do not choose products, but a capability.
7.2.3 Future research
In this thesis, we present a multi-perspective analysis of platform strategies
in firms producing complex products and systems (CoPS). As in many other
empirical studies that collect data using case study methods, caution should be
applied in generalizing our findings to other branches of industries. Therefore
comparable studies in other types of industries are required. However, the
findings of our study do corroborate previous research (e.g. Muntslag, 1993;
Erens, 1996; Chuma, 2006), and we therefore could expect to obtain comparable
results in other firms developing CoPS through customer-specific engineering.
Further, the findings provide a good basis for future research on CoPS. As such,
although this study is mainly descriptive in nature, we presented a framework
that could help firms better understand their platform potential, and that could
assist scholars seeking comparative support for research findings. In addition
to the important recommendations for further research discussed in the final
sections of the earlier chapters, we have several complementary suggestions.
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Firstly, although this thesis is focused on platform strategy, our work could
be relevant to other innovation management fields. For example, answering
the question as to how an innovation project is divided into tasks within
organizations (Von Hippel, 1990) or, on a higher level, knowledge is divided
over a network of organizations (Takeishi, 2002), could be enabled by the
information segmentation effect of FT platforms. In particular, establishing
networks of partners across which technical knowledge is divided requires a
proper rationale on how to divide the work. The FT platform concept presented
in this thesis can act as a ‘structural design’ for how to divide and allocate tasks
or knowledge that is of a preliminary nature within organizations and networks.
Secondly, for the various concepts making up our framework, it remains
important to investigate the relationship between the platform strategy and
performance. Conceptually, the model is similar to contingency theory, and
there have been recent calls for a more intensive use of contingency thinking in
operations management and innovation management (Sousa and Voss, 2008).
As such, the current study can be regarded as contribution by relating platform
strategy to OSLs. Although the devised platform concept, when implemented
in an industrial setting, positively impacted on platform performance (see
Chapter 4), the current study provides a starting point for further research of
the effects of the match of the platform strategy with the OSL on innovation
performance.
Thirdly, several supplementary opportunities for future research can be found
in further validating the concepts presented. Our framework implicitly includes
propositions that can be tested in future research. For example, the results can
be confirmed with findings from other case organizations that produce CoPS.
Moreover, when considering a broader industrial spectrum, the current study
is not assessed in mass production industries that have a ‘built-in’ variety in
their platforms, and that freeze designs once they are released to production.
A comparison with these types of firms could provide a stronger basis for the
findings of this study, and vice versa, might deliver useable insights for mass
producers.
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Engineering based
on a specific
technology.

Engineering based
on predefined
product families.

Engineering based
on predefined subfunctions and
solution principles
(Muntslag, 1993).

Engineering based
on predefined
product modules
(Erens, 1996).

Engineering based
on predefined
finished goods.

2

3

4

5

A firm delivering a
standardized product range,
but where the client can
request additional
engineering for specific
modules (Erens, 1996).
A car manufacturer
developing predefined
options and configurations.
(Womack and Jones, 2003)

An industrial machinery
manufacturer developing a
packaging machine with subfunctions for stacking,
repositioning, folding, and
transport ( Muntslag, 2003).

A firm specializing in the
production of a variety of
bottling equipment
(Muntslag, 2003).

A firm specializing in the
application of hydraulics.

Type of engineering organization
Description
Industry examples

1

OSL

Physical platform defined as
by Meyer and Lehnerd, 1997.

Physical platform defined as
by Meyer and Lehnerd, 1997,
together with an FT platform
(Alblas & Wortmann, 2010).

Function and/or technology
platform defined as the
functionality of a range of
future products and the
linkages between these
functions (Alblas & Wortmann,
2010).
Function-technology platform,
and physical platform exist in
parallel and both need to be
managed (Alblas & Wortmann,
2010).

Technical principles are
defined, and reuse aims at
principle reuse.

Platform elements

Design frozen at the
platform level.

A policy of zero change after design release.
Change is experienced as waste.

Implication on platform strategy
Reuse or change
Platform life cycles
(Alblas & Wortmann, 2009)
Design frozen on the
In such companies, the architecture is
requirements
undefined and innovations are radical.
specification
Change management for communication
documents.
proposals. Small projects’ coordination
could be based on mutual adjustment.
Design frozen on the
Change management aims at managing
functional specification
modifications in functionality. The functional
documents at the
specification documents on the platform,
platform, system, and
product, and component levels must be well
component levels
documented and placed under change
(Alblas & Wortmann,
control.
2010).
Design frozen on the
The function-technology platform is fully
technical specification
defined. Innovations still propagate through
documents at the
the physical product architecture.
platform, system, and
Therefore, mechanisms to assess the
component levels
propagation affects are needed and project
(Alblas & Wortmann,
teams of the affected component need to
2010).
be consulted as part of the change
assessment.
Design frozen on
A policy of no architectural changes after
interfaces and modules.
design release. Modular innovations are
allowed, and impact assessments are based
on the portfolio effects of such a change
(commonality and reuse criteria).
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Table 7.1 Platform strategy
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Finally, our work could be extended to a broader spectrum of research
communities. In building our arguments, the findings are anchored on
knowledge from several different research communities including information,
innovation, and operations management. However, the current research
also has links to other fields. For example, the principles found in this study
could be applied in industrial design science. Nowadays, industrial designers
are confronted with greater complexity in their markets, technologies, and
processes, and, therefore, they need ways to reduce design and integration
complexity in CoPS. Platforms reduce the complexity of integration (Krishnan
and Gupta, 2001). In line with this general assertion, in this thesis it is argued
that FT platforms further reduce integration complexity in CoPS.
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Dit proefschrift heeft als doel de potentiële mogelijkheden van product
platforms te onderzoeken in bedrijven die complexe producten en systemen
(CoPS) ontwikkelen en produceren. Tot op heden is er onvoldoende aandacht
besteed aan het toepassen van platforms in deze bedrijven die zich richten
individuele of kleine groepen industriële klanten. Het gebruik van platforms
biedt verscheidene voordelen: het hergebruik van ontwerpkennis neemt
toe, waardoor de ontwikkelkosten omlaag gaan; het leidt tot een betere
afstemming met productiewensen waardoor minder productiekosten worden
gemaakt; het platform biedt een hogere flexibiliteit bij het beantwoorden van
klantwensen door het vermogen om snel afgeleide producten te configureren.
Het gebruik van platforms in CoPS-bedrijven is moeilijk, vanwege drie
belangrijke redenen. Ten eerste, vragen CoPS-producten vaak om additionele
ontwikkelinspanning specifiek voor individuele klanten, waardoor het
ontwerp van producten niet gefixeerd kan worden. Dit leidt tot voortdurende
revisies van het platform. Ten tweede, hebben deze producten een lange
levenscyclus, wat een innig en complex samenspel vereist tussen ontwikkeling,
productie en service. Ten derde, betreft het hier sterk innovatieve producten,
waarbij bedrijven gebruik moeten kunnen maken van de meest recente
wetenschappelijke inzichten. Dit leidt onder meer tot wijzigingen in onderdelen
die anders hergebruikt hadden kunnen worden.
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Ten aanzien van deze problemen is een raamwerk geformeerd waarin vier
aspecten naar voren komen:
•

Type ontwikkelingsorganisatie: weergegeven door de mate waarin klanten
invloed hebben om specifieke wensen in het productontwerp in te
brengen.

•

Platform levenscyclus: weergegeven door de manier waarop producten
worden afgeleid van een generiek platform gedurende zijn levenscyclus.

•

Generieke elementen van het platform: het type elementen dat de basis
vormt voor het platform.

•

Hergebruik en verandering van de generieke elementen: de wijze waarop
elementen worden hergebruikt of verandert gedurende de ontwikkeling
van complexe producten en systemen.

In dit onderzoek onderzoeken we de eigenschappen van deze aspecten in
CoPS-bedrijven. Uitgaande van deze afbakening, is de hoofdvraag van dit
onderzoek:
Wat is de invloed van het type ontwikkelorganisatie op de levenscyclus van een
platform, de generieke elementen die de basis vormen voor het platform en het
beheer van de wijzigingen in het platform gedurende zijn levenscyclus?
Om antwoord te geven op deze hoofdvraag is er allereerst gekeken naar
verschillende types platformstrategieën in verschillende industrieën.
Hoofdstuk 2 beschrijft de variatie in platformstrategieën door te kijken
naar industriële machinebouw, vliegtuigbouw, automobielproductie en
softwareproductie. Voor het beschrijven van verschillende industrieën, en
samenvatten van onze resultaten, wordt gebruik gemaakt van het concept
‘order specificatie niveau’ (OSL). Het OSL-type bepaalt de vrijheid van klanten om
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in hun bestelling naar speciale ontwerpaanpassingen in het productontwerp
te vragen (zie paragraaf 1.5).
In de industriële machinebouw blijkt dat klanten voor nieuwe producten
aanpassing vragen die tot nieuw ontwikkelwerk leiden. Omdat in deze
bedrijfstak de productarchitectuur en/of de onderliggende product modules
op basis van de klantenwens veranderd worden, is deze te karakteriseren als
een OSL 3 - of OSL 4 type bedrijf.
Bij de vliegtuigindustrie is deze klantspecifieke ontwikkeling beperkt door de
strikte internationale regelgeving op het gebied van veiligheid. Bijvoorbeeld
een straalmotor of een vleugel kennen een strikt veiligheidsregime en zijn te
karakteriseren als OSL 5. Echter, verschillende minder cruciale onderdelen op
het gebied van comfort en inrichting kunnen wel klantspecifiek ontwikkeld
worden (OSL 3 – 4). Dus het totale product kent zowel OSL 5 delen als OSL 3-4
delen.
Automobielproductie wordt gekarakteriseerd door een afgebakende,
vooraf gedefinieerde variëteit in keuzemogelijkheden voor de klant. In
tegenstelling to industriële machinebouw is hierbij is het ontwerp van de
auto volledig vastgelegd voordat de auto in productie wordt genomen (OSL
5). In dit type bedrijven wordt het platform concept effectief gebruikt en de
platformlevenscyclus is goed vastgelegd in de informatiesystemen. In de
automobielproductie omvat het platform levenscyclusbeheer het handhaven
van de selectieregels gedurende het genereren van varianten binnen een
productfamilie. In veel gevallen worden bijvoorbeeld een nieuw open dak
of navigatiesysteem als extra optie aan de familie toegevoegd gedurende
latere stadia van de levenscyclus. Hierbij blijft echter het platform intact. In de
automobielproductie valt in het beheer van de levenscyclus van klantspecifieke
producten mogelijk nog veel te leren van de CoPS waar het beheer van
individuele systemen op een hoog niveau moet zijn.
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Het onderzoek in hoofdstuk 2 laat zien dat bij industriële machinebouw het
verschil tussen een platformontwerp en een individuele klantversie vervaagt.
Dan wordt bij elke nieuwe ontwikkeling de dan geproduceerde versie de
nieuwe standaard, ofwel het platform. Hierdoor evolueert het platform in de
richting van de belangrijkste klant en dus wordt de keuzevrijheid voor andere
klanten beperkt. Dit maakt het hergebruik tussen een set van producten
geleverd in een bepaald tijdsbestek beperkt. In deze situatie is het tevens lastig
om te leren van producten in het veld omdat ze geen gezamenlijk platform
delen, maar een moeilijk te doorgronden set van componenten.
Uit de analyse is geconstateerd dat de levenscyclus van individuele producten
(PLC) onderscheiden moet worden van de levenscyclus van een ontwerp
(PDLC), omdat deze levenscycli niet gelijkvormig zijn en vele producten
afgeleid kunnen worden van een enkel ontwerp. In deze benadering worden
de ontwerpdocumenten, of ook wel producttype documentatie, gerelateerd
aan een product ontwerp levenscyclus (PDLC); en wordt de documentatie van
de individuele configuratie gekoppeld aan de levenscyclus van een individueel
systeem (PLC). Uit de analyse van de casus blijkt dat het onderscheiden van
een aparte platformlevenscyclus (PPLC) vereist is, omdat dit het voor bedrijven
mogelijk maakt om te beoordelen of veranderingen van het ontwerp ook
voor andere producten binnen de familie moeten gelden en het dus een
nieuwe platform standaard kan worden. Zodoende wordt het platform
de basis voor onderscheid tussen klantspecifieke ontwerpwijzigingen en
ontwerpwijzigingen die de nieuwe standaard worden voor alle producten
binnen de productfamilie. Zonder goed levenscyclusbeheer vervaagt het
platform door alsmaar klantspecifiek ontwikkelen van producten. Voor
hergebruik van ontwikkelkennis is het daarom belangrijk dat veel aandacht
wordt besteed aan de verhouding van het platform tot het product type and
de individuele klantenoplossing.
In hoofdstuk 3 is het platform levenscyclusconcept (PPLC) nader onderzocht
in een bedrijf dat klantspecifieke complexe producten ontwikkeld. Voor de
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meest belangrijkste klanten ontwikkelt het bedrijf volledig klantspecifieke
oplossingen en voor andere klanten worden de systemen aangepast door
opties die om minder klantspecifieke ontwikkeling vragen. Na de eerste
levering van een product uit de productfamilie is het platform nog steeds
onderhevig aan wijzigingen wat resulteert in nieuwe platform versies. De
ontwikkelafdeling is in dit type bedrijven sterk verweven met de fasen
productie en service, omdat deze afdelingen steeds moeten reageren op
nieuwe versies en ontwikkeling steeds aanpassingen moet maken vanwege
productiefouten en veldproblemen. Daarom is het van belang dat een bedrijf
naast platformontwikkeling ook aandacht heeft voor platformonderhoud.
Het platformonderhoud betreft een set regels die nodig zijn om de voortdurende
wijzigingen in een productfamilie te beheren. Allereerst moet een inschatting
gemaakt worden van de impact van ontwerpwijzigingen op het platform,
het product type en de individuele producten. Dit kan gedaan worden door
de te wijzigen platform attributen te definiëren. Hierbij kan onderscheid
gemaakt worden in externe platform attributen, zoals functies en prestatieindicatoren, en interne platform attributen, zoals de gekozen technologieën
en componenten. Later in hoofdstuk 5 onderscheiden we bijvoorbeeld de
attributen: functiecluster (bijv. positionering), technologiecluster (bijv. wafer
handling) en de gerelateerde specificatiewaarden van fysieke attributen (bijv.
gewicht en grootte). Verder is het belangrijk om bij het inschatten van het effect
van een ontwerpwijziging ook de impact op de levenscyclus in ogenschouw te
nemen. Vaak hebben wijzigingen effect op toekomstig te leveren producten,
maar ook op de in het verleden geleverde producten.
Hoofdstuk 4 beschrijft een casusstudie van de toepassing van platforms. De
casusstudie vond plaats in een bedrijf van het OSL 3 - OSL 4 type. Dit bedrijf
ontwikkelt complexe microlithografie systemen die de basis vormen voor
de productie van chips (CoPS-bedrijf ). Deze systemen bestaan uit zeer veel
complexe componenten en zijn gebaseerd op een continue vernieuwing in -, en
snelle implementatie van verscheidene wetenschappelijke principes. De studie
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laat zien dat dit bedrijf moeite heeft met de toepassing van traditionele fysieke
platforms en maakt duidelijk hoe het functionele en het technische domein
afhankelijk van elkaar zijn in het configuratieproces van nieuwe engineering
varianten. Daarom is een aangepaste platform benadering ontwikkeld, het
zogenaamde functie-technologie platform.
Het functie-technologie (FT) platform omvat de vastgelegde structuur van al de
generieke functies en technologieën binnen een productfamilie, samen met
de optimale groepering van deze functies en technologieën in functieclusters
en technologieclusters. Het FT platform geeft bedrijven de mogelijkheid om
hergebruik van versies en varianten van functieclusters en technologieclusters
te structureren. Voor toekomstige afgeleide producten kan dan een set
van bestaande componenten gebruikt in voorgaande producten, tezamen
met een set van beschikbare nog uit te ontwikkelen technologieën, worden
geselecteerd. Hierdoor wordt de overlap (wat leidt tot hergebruik) en het
verschil tussen productvarianten op een gestructureerde manier binnen
productontwikkeling georganiseerd. In hoofdstuk 5 wordt een formalisering
van het FT platform concept gepresenteerd. We gebruiken hiervoor de ‘Unified
Modeling Language’ (UML). Om onderzoekers en professionals een beter
begrip te geven van FT platforms hebben we ons hier vooral gericht op de
onderliggende elementen en de bijbehorende structuur van het FT platform.
In hoofdstuk 6 wordt de wijze waarop platformelementen worden hergebruikt
of veranderd gedurende de ontwikkeling van complexe producten en systemen
(CoPS) onderzocht. Een van de conclusies in hoofdstuk 3 is dat de effecten van
ontwerpwijzigingen niet alleen op het niveau van een product moeten worden
ingeschat, maar ook de impact op kosten en timing zijn van belang bij het maken
van een goed overwogen inschatting. Een belangrijke bevinding is dat de
doelen op het gebied van projectmanagement en ontwerp-wijzigingsbeheer
sterk van elkaar kunnen verschillen en aan elkaar tegengesteld kunnen zijn.
Hierdoor worden implementaties van ontwerpwijzigingen vaak vertraagd
en veranderen doelen gedurende het project. Op basis van de bevindingen
zijn een aantal verbeterstrategieën ontwikkeld om de bedrijfsdoelen en de
projectdoelen met betrekking tot het wijzigingsbeheer op één lijn te krijgen.
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Een van de verbeterstrategieën richt zich op het afstemmen van de doelen
van het ontwerp-wijzigingsbeer met het project management. Het ontwerpwijzigingsbeheer moet zich vooral richten op de implementatie van wijzigingen
binnen de hele productfamilie. Een projectleider is namelijk geneigd om alleen
zijn eigen projectdoelen na te streven, met als gevolg dat hij een oplossing
maakt die alleen bruikbaar is voor een specifiek product type of een individuele
klant. Dit bemoeilijkt de platformstrategie van het hele bedrijf. Daarom is
het van belang dat grote wijzigingen als aparte (sub-)projecten worden
gepland, met de bijbehorende beheer en controle mechanismen. Vanwege
deze centrale positie dat wijzigingsbeheer in een CoPS-bedrijf inneemt, is het
van belang dat het wijzigingsbeheer een meer strategische positie krijgt in
dergelijke organisaties. Een goede bekwaamheid in wijzigingsbeheer maakt
het voor ontwikkelgedreven CoPS-bedrijven mogelijk om snel fundamentele
wetenschappelijke principes in commerciële producten te implementeren, en
is daardoor van cruciaal belang voor het overlevingsvermogen op de lange
termijn van deze organisaties.
Hoofdstuk 7 is een concluderend hoofdstuk waarin de belangrijkste
bevindingen van deze studie bijeengebracht zijn. Op basis van deze
bevindingen kunnen we concluderen dat (1) de levenscyclus van een platform,
(2) de generieke elementen die de basis vormen voor het platform en (3) het
beheer van de wijzigingen in het platform gedurende zijn levenscyclus sterk
worden beïnvloed door het type ontwikkelorganisatie. Deze bevindingen
leiden tot een nieuw type platform, speciaal geschikt voor CoPS bedrijven,
het FT platform. De bevindingen met betrekking tot het platform- en
wijzigingsbeheer zijn gepresenteerd in een samenvattend schema. Voor
innovatiemanagement geeft het schema begeleiding in het maken van keuzes
met betrekking tot de te juiste platformstrategie. Het begeleid de keuze voor
de elementen die de basis kunnen vormen voor het platform en het geeft
suggesties voor het wijzigingsbeheer. Het geeft ook een aantal suggesties voor
het levenscyclusbeheer van platforms met betrekking tot verschillende types
ontwikkelorganisaties.
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