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Abstract. Many manufacturing companies are suppliers that deliver unique
solutions to different business customers. Intense quotation work, with a high
demand on accuracy and quick response, and development projects executed in
close collaboration with customers and other actors characterize these companies.
The projects can run for years or a few weeks depending on the business. Changes
of requirements are frequent and technology development required for improved
functionality, sustainability and competitiveness. The use of a product platform
has been acknowledged as a strategic enabler for product family development and
mass customization. However, companies struggle with adopting the common
platform approach building upon pre-defined modules and components as it
constraints the fulfilment of unique customer requirements and the introduction of
new technology at high pace. This work reports the results from case studies
conducted in collaboration with four companies. They are in many ways different
but face the same challenges when it comes to customization, fluctuating
requirements and need of high pace in technology advancement. The focus of this
paper is on their initial states; including how they work with their product concept
before the customer entry point, the work that is initiated when an order is
accepted, the character of requirements and the adoption of product platforms.
Criteria on, and identification of, new platforms models, termed Design Assets, are
presented followed by a mapping to the Design Platform concept pointing out
areas upcoming work, both scientifically and at the companies.

Keywords. Modularization, customization, supplier, engineer-to-order, design
asset

Introduction

The development of flexible resources as part of Industry 4.0 [1] enables a higher level
of customization combined with efficient utilization of resources and flexibility in the
location of the actual manufacturing. It is important to acknowledge that many
industries are systems suppliers acting on a business-to-business (B2B) market where
short lead time in development of unique solutions and an ability to master changes in
requirements are of vital importance. They are also expected to actively develop and
supply innovative technologies for the competitiveness of their customers as well as for
the long-term success of the company itself. The use of product platforms, where
external and internal efficiency is well balanced, has been acknowledged as a strategic
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enabler for customization. Many examples of successful implementation of a platform
strategy based on a modular product architecture by an original equipment
manufacturer (OEM) exists. However, the adoption of such a strategy has shown to be
difficult for suppliers working in an ETO-oriented business environment where unique
solutions are developed for each customer or the final product [2]. One reason is that
the customers are not willing to make the required trade-offs in functionality that a
selection among the existing combinations of solutions would entail. As a result, the
business environment includes joint development activities starting with a requirement
specification with a limited number of key requirements and as the solution evolves,
requirements change and new are introduced. A similar situation appears in companies
where a rapid technology evolution is going on. New products are developed and
launched at a high pace based on the needs and requirements defined by product
management that act as internal customers to the product development organisation. If
modular platform models are not sufficient in these cases — is there an alternative? This
is the question address in an ongoing 3-year project that where initiated 2017-01-01.

1. Related work

Modularization, platform based development supporting customization and the
character of product development in supplier businesses are in this chapter introduced.
Together they outline the fundamentals that this work is based upon.

Modularization is a way to define a product’s constituting element for a purpose
that goes beyond the design phase of a single product. For a completely modularized
product architecture [3]:

1. there is a one-to-one correspondence between functional elements and
physical structures, AND
2. unintended interactions between modules are minimized.

One reason for introducing modules is to support standardisation — same solution
is always used for economy of scale, reduce the lead-time in development and/or
ensure even quality. Another reason is to support the formation of a product family
where a set of product variants can be provided targeting different markets or
customers while efficiency in purchasing, production, after sale etc can be kept at a
competitive level. [4] introduces a set of motives, module drivers, to aid the work of
identifying modules. These are: Carry-over, Technology push, Product planning,
Technical specification, Styling, Common unit, Process/Organisation, Separate testing,
Black-box engineering, Service/maintenance, Upgrading and Recycling. Beside the
generic drivers, there could also be company specific. As can be concluded, there could
be many reasons for the formation of a specific module. Another implication is that
modules can be combined with unique parts for a specific product, i.e. the product is
not completely modularized according to the definition by [3] above. Today,
modularization is commonly regarded as the foundation of product platforms and
configuration to support mass-customization [5] where Scania is a good example of a
successful implementation [6]. However, increased adaptability of modules for
integration in large systems is a topic for further research and development [7].

Four different business models for customization are: (1) Engineer-to-order, (2)
Modify-to-order, (3) Configure-to-order and (4) Select variant [8]. For the latter two,
the use of product platforms has been an essential enabler. The definitions of product
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platform range from a platform consisting of components and modules [9], a group of
related products [10], a technology applied to several products [11], to a platform
consisting of assets such as knowledge and relationships [12]. This diversity is also
seen in industry [13]. Platforms are generally described to be of one of either two
kinds: (1) the module based (discrete) characterised by sets of components being
clustered into interchangeable modules that together form the product, or, (2) the
scalable platform that becomes adaptable due to letting some of the design variables
vary [14]. Another approach to support the design of unique products is Knowledge
Based Engineering (KBE). KBE can be seen as a sophisticated realization of a scalable
platform model that can support large continuous ranges of variant designs compared
to the discrete solution space provided by configuration of pre-defined modules. KBE
has been extensively researched, but few successful long-lasting operational
implementations have been reported and further research is required for large scaled
industrial applications [15]. A third approach is based on a process support where
engineering tasks defined in different applications are connected for the purpose to
generate different variants [16].

Many suppliers act in the business-to-business market and are involved in the
actual development of the final product in collaboration with their customers. These
suppliers have a product concept, however, this concept is more or less implicit, i.e. it
is not fully described and managed in a structured coherent way, and it includes other
assets and resources than pre-defined modules. They frequently respond to different
customers’ requests for quotation by submitting specific offers and it is vital to respond
quickly and with a sufficiently accurate price [17]. They join development projects
executed in close collaboration with their customers. The projects can run for years
where changes in the requirement specification are frequently faced [13]. The dynamic
nature of requirements often results in changes or that new requirements are added, or
others are dropped [18].

2. Industrial practise and target for new platform models

The need for a platform-based approach beyond pre-defined modules and components
has been raised by industry with the motivation that pre-defined modules and
components constraint the possibility to fulfil unique customer requirements and the
introduction of new technologies at high pace. A collaboration project was formed
based on a jointly defined problem statement addressing this. Four companies
participate in the project, (Table 1).

Company 1 (C1) is a global actor in the area of development, production, service
and maintenance of systems for aircraft, rocket and gas turbine engines.

Company 2 (C2) is a global manufacturer of a wide assortment of products for
transporting equipment by car, including roof racks, bike carriers and roof boxes.

Company 3 (C3) is a manufacturer of schools, sheltered housing, student housing
and offices for both the public and private sector based on industrialized construction
of wood buildings. The buildings are design and manufactured in modules where
ventilation, heating and pluming are pre-installed as well as the interior.

Company 4 (C4) is a global multi-brand company that develops, manufactures
and sells forest, park and garden products such as chainsaws, robotic lawn mowers,
hedge trimmers and ride-on mowers.
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In depth interviews were conducted to understand the specific situation, practices
and challenges at each company, as well as similarities and to support the outline of
further research. 21 interviews of experts and managers (Table 2) at the companies
were conducted by two persons for about one hour using a semi-structured
questionnaire with open-ended questions in the main categories: before order, at order,
requirements, and platform view. Summaries of the results are presented in Table 3.

Table 1. Main characteristics of the four companies (approx. figures).

Company Business area No employees at site No employees total
Cl Aerospace 2 000 44 000
C2 Automotive 300 3000
C3 Industrial house-building 150 200
C4 Outdoor power products 2000 13 000

Table 2. Respondents at the companies.

Comp. No. Functions
Cl1 4 Head of design, simulation engineer, sales engineer, and group-chief
C2 4 Project leader, tool-designer, head of design, and head of technology
C3 5 Heads of electrical, construction, climate/plumbing, and technology manager
C4 8 Designers, group-chiefs, head of mechanical development, and product managers

The companies vary to which extent customer adaptation is provided, where C1
offer the highest level, followed by C3, C2 and C4. Point of order is not an obvious or
clear concept. Technology and product development differs with respect to how well-
defined the processes are, how mature the solutions derived from technology
development are, and is conducted at separate departments at all companies except C3.
Processes, tools, models, and sources of information are used to a large extent, but it
can be difficult to get an overview, see how they relate to each other, and how validated
or up-to-date they are. Much of the knowledge is in the minds of the employees.
Management of requirements is important at all companies and variations often occur
on specifications of loads and geometrical interfaces. A platform-concept is in some
parts used at C4 and C3, it has been discussed at C1 but is not extensively used, and is
not formally used at C2.

In a workshop including representatives from all companies, the target on new
platform models were set in two sessions guided by the following questions:

e Session 1 (S1) - What criteria on new platforms models are essential for an
increased ability to efficiently adapt to changes in requirements and/or
technology?

e Session 2 (S2) - What new platform models, including methods and tools, can
support an increased ability to efficiently adapt to variations in requirements
and/or technology

The participants were divided in three groups, G1, G2 and G3. The procedure was
the same for both sessions — first, individually write statements; then, in the groups,
share, discuss, clarify and add additional statements; finally, the groups cluster the
statements and agree upon a characteristic label for each cluster identified (Table 4).
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Table 3. Summary of interviews.
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Table 4. Clusters for criteria on (S1), and types of (S2), new platform models.

G1 G2 G3
Definition Design re-use Scope
Requirement management Common information model Maintenance
S1 Interfaces Product development process Formalization
Follow-up Enable set-based design User Friendliness
Knowledge building Experience feed-back
Process Information integration Methods
Requirement management Data handling and process Product models
S2 Roles model Preparation / operation of the
Knowledge Product model platform
Simulation Knowledge transfer

Regarding the criteria, the clusters Definition, Common information model, Scope,
and Formalization points out a need of an explicit, shared and clearly defined overall
model. Follow-up, Knowledge building, Design reuse, Experience feed-back and
Maintenance highlights the importance of supporting a platform that can evolve.
Requirement Management, Interfaces, Product development process and Enable set-
based design can be interpreted as providing a support for collaborative multi-
disciplinary work to manage changes in requirements. Finally, the cluster User
friendliness is highlighted for successful implementation and use in operation.

When it comes to new types of platform models the clusters Process, Simulation
Data handling and process model, and Methods gives an emphasis on a process
approach including activities with supporting methods. Product model(s) point out
that item oriented models, with any kind of structure, should be included.
Knowledge and Knowledge transfer highlights that descriptions and design rationale
should be supported. Requirement management, Information integration and
Preparation/operation of the platform concerns methods that allows for adaptive
behaviour, e.g. untightening requirements, generate alternative solutions, suggest
trade-offs. The need of methods to manage the content on various levels and for
different stakeholders is emphasised by the cluster Roles.

3. Beyond modularization — Design Assets

A platform approach has been shown to be an enabler for efficient customisation, reuse
and production standardization. However, the common platform definition that builds
upon pre-defined modules and components has been shown to be insufficient for
companies working with an ETO business approach [2]. For ETO industry, a platform
description, combining modular and task-based approaches have been previously
introduced [19,20]. The following criteria on new platform approach supporting this
are:

e an explicit, shared and clearly defined overall model
e supporting a platform that can evolve
e support multi-disciplinary work to manage changes in requirements
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The types of models and means to be introduced includes:

a process-oriented model including activities with supporting methods
item-oriented models, with any kind of structure, should be included
descriptions and design rationale should be supported

methods that allows for adaptive behaviour

methods to manage the content

The development of product includes many different tasks, and these can be
classified, in ascending order of creativity, in six categories based on [21]:

e Selection — Choice of individual component among predefined set to satisfy
specified constraints and objectives.

e  Configuration — Choice of individual components (from predefined set) to be
assembled into a system with specified properties (“catalogue design”).
Choice governed by specified rules/constraints and objectives.

e  Parametric Design — Dimension driven geometry that adapts a predefined base
design (including topology variations) according to input specifications,
formulas, methods, constraints or relations (template design).

e  Configuration of parametric components — Combination of above.

e Redesign — Includes work to adapt, modify, improve and optimise an existing
design solution to new requirements.

e  Original design — The design task is defined by requirement specifications and
given constraints but the principles as well as the details are left to the
designer. Future variations of an original design concept belong to previous
categories.

Usually, the design of a customized product includes a combination of these.
Another characteristic is the alternation between synthesis and analysis [22]. System
suppliers and ETO oriented companies have product concepts, however, these are more
or less implicit, i.e. they are not fully described and managed in a structured coherent
way, and include other assets and resources than pre-defined module. According to
[12], a platform is the collection of assets divided into four categories. Two of these
are:

e Components — the part designs of a product, the fixtures and tools needed to
make them, the circuit designs, and the programs burned into programmable
chips or stored on disks.

e Knowledge — design know-how, technology applications and limitations,
production techniques, mathematical models, and testing methods.

3.1. Design Asset

Based on the above, new platform models that can evolve with experience and
technology advancement are needed. Information, models, methods, and knowledge,
beside pre-defined modules and components, of different levels of abstraction should
be included. Multidisciplinary synthesis and analysis work, including diverse types of
design task, where requirements are allowed to vary, should be supported. Various
kinds of product structures, process models and activities as well as results from
previous projects, e.g. components, products, lessons learned etc, are to be included.



378 F. Elgh et al. / Platform Models for Agile Customization — What’s Beyond Modularization?

The concept of Design Asset is introduced as a means to enable this. The concept
is also based on the fact, that in many companies there exist diverse types of design
resources, however, they are not shared, generalised, mapped, maintained, managed
and developed. This is in contrasts with the prevailing practice in manufacturing, where
a more systematic approach is applied for the manufacturing assets. Initially, eight
domains of Design Asset have been identified: Process, Product, Synthesis Resources,
Analysis Resources, Geometry Resources, Constraints, Solutions, and Projects. The
modelling and mapping of these will provide an explicit and shared overview to
support maintenance and systematic development. The collection of assets is a
“toolbox” for the development team and each discipline can manage their own set of
assets. When an asset is used, it is instantiated with a mapping to its origin to enable
traceability. The Design Asset concept is part of the Design Platform approach [19,20]
illustrated in Figure 1.
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Figure 1. Design Assets as part of the Design Platform approach.
3.2. Focus for the Design Asset concept development

Industry representatives have confirmed that modelling and management of assets in a
coherent way to support the design of customized solutions is needed and the principles
of Design Assets as promising for this. Examples of assets have been described in
previous work [20, 23] together with applications in industry. The focus for the Design
Asset concept development will be on means to: capture, describe, model, store, share,
instantiate, execute, identify target condition, evaluate the status of different assets (e.g.
TRL), identify areas of improvement, enable continuous development, maintain, apply
different views, support version control, and enable traceability.

3.3. Focus for case-studies at the companies

(C1) provides products that are completely custom engineered in an internationally
market with high competition. The products are integrated in complex systems working
in extreme environments for long time periods with both customer and legal demands
for complete documentation and traceability. Automation of design and production
preparation by the use of knowledge-based engineering (KBE) has been used at the
company for more than a decade to enable evaluation of different design solutions,
however, new approaches and models are needed to support quick introduction of
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emerging high-fidelity discipline methods for design and analysis. The ongoing trend
in the aircraft industry is a shift from production in low volumes to larger quantities,
shorter lead-time in development combined with the continuous strive for decreased
weigh for reduced fuel consumption. The company has adopted different platform
models but needs increased support to quickly introduce new technologies, adapt to
changes in requirements, make assessments of implications and balance trade-offs. The
focus will be on methods and tools, Design Assets, for new materials, product solution
and increased complexity integrated in a heterogeneous platform environment.

(C2) has to be able to quickly launch a roof rack for every new car model.
However, every model requires an individual adapted attachment consisting of a
footpad and bracket. The trend in the car industry is a higher pace in the introduction of
new models on the market. Product development needs new support to be able to
provide a higher variety of products at a higher speed. It is not enough to only focus on
the design activity; crash simulation and tooling design must also be included. In order
to maintain the position as a market leader, the company has to increase its ability to
manage changes using a platform strategy. A platform has to be able to include
heterogeneous descriptions and support product design, crash simulation, tooling
design and increase the ability to master changes in requirements during design work.
A flexible product architecture including Design Assets combined with management
support of the platform descriptions will be in focus.

C3 has started to work with a platform strategy on two levels; products including
their variants; and a general technology platform that includes design solutions. When a
bid is won, the final solution has to be designed to comply with the customer’s
specification and the changes in requirements that occurs during the order design
phase. The company needs increased product adaptability and new methods to swiftly
assess implication of changes. Industrialised wood construction is very complex.
Integrated designs with smart solutions are required to cut cost but, at the same time,
shared solutions are required to get the economy of scale. The company needs a
coherent platform model supporting increased customization, shorter development lead
times and an increased ability to master changes in requirements during product design.
The focus will be on well-defined product architectures and methods for modelling of
product and engineering tasks. Design Assets, combined with management support of
the platform descriptions.

C4 continuously work with reduction of cost and time to market. Platform
modelling have been introduced on a smaller scale, mainly modularization, in some
projects but a comprehensive approach is needed, including development and
management of different assets, in the platform strategy to support swift introduction of
new technologies and increasing diversity among customers. It is not feasible to work
on large platform development projects. The company has a wide assortment of
product variants and brands for different market and customers. Optimization and
integral product architecture are combined to keep the weight down for low energy
consumption and easy operation for customers. The company needs a platform
approach where some systems are modularized whilst others are integral and
optimized, Design Assets. The rapid evolution in battery technology and IoT also calls
for new means to describe technology, Design Assets, for easy introduction and
adaptation.
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4. Conclusion

A platform approach enables efficient customisation, reuse and production stan-
dardization. With a higher pace in design, increased level of customization and rapid
technology development, platform models beyond modularisation are needed. The
concept of Design Asset is introduced for that purpose. The objective is that systematic
modelling, upgrading, development and structuring of heterogenous design assets will
improve the agility when it comes to the development of solutions for different
customers’ demands, the mastering of fluctuating requirements appearing during the
development, and the continuous integration of new technology. Industry partners have
confirmed that it is a promising approach and further development, realization and
evaluation of the Design Asset concept will be part of upcoming case studies.
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