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ABSTRACT

This paper regards a holistic customer integraitidm value creating with a focus on
the development of manufacturing equipment. Theeefthe paradigm of Open
Production will be introduced and the practicapilitf openness will be evidenced by
practical examples.

INTRODUCTION

Today's markets are subject to strong fluetna and saturation, so the push of
supply is displaced by the pull of demand almoshgietely. That helps customers in a
position to dictate the supply, so companies havesdtisfy discontinuous demands
dominated by the urge for individuality and seléization needs. Many cost reduction
strategies like mass production at this point arédonger contemporary. Much More is a
comprehensive customer integration needed. It sdise question of whether the clear
separation between producers and consumers, incaent view of the economy,
remains valid, or if not a merger to "Prosumer®ktplace, as Toffler (1980) predicted.
At least growing openness, resolving of rigid cogte boundaries is needed, in order to
remain competitive.
Many points along the value creation process tbeseprovide the opportunity for
integration of customers and users, participatmipée value creation (Figure 1).
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Figure 1: Potential access points for customerigypation along the value creation
process



In this context, two approaches are particularlynuising. Firstly, open innovation, as a
form of customer integration, and also as a fornowtkourcing of development activity
brings benefit to enterprises through its cost céida potential (e.g. by the reduction of
uncertainties in the product development proceSsgondly, the mass customization
approach, that offers various instruments for cusic to take influence on the
production process. So, a higher degree of indalidubrings companies growth in sales
through improved access to niche markets.

Both approaches, however, effect only selectivearnsr integration in the value-added
process. This paper, rather presents the concept"¥irtual Factory for Customized

Open Production” as a comprehensive approach fer iegration along the entire
value-added process.

Initially the known approaches Open Innovation &fakss Customization are depicted,
which will then be merged with additional aspect$hte whole Open Production concept.
The practicality of open approaches in the valusaiion of physical goods will be

evidenced through practical examples, and finddl ¢oncept of a “Virtual Factory for

Customized Open Production” will be outlined.

OPEN INNOVATION AND MASS CUSTOMIZATION
Sticky information

Individual customer needs are the reasonh®increasing heterogeneity of markets
and market segments. In the conventional marketarel, however, the uniformity of a
limited observation area is required or presumetlus] the effectiveness of the
instruments of traditional market research, havebéomistrusted. The conventional
approach to the acquisition and processing of médion about customer needs has its
base in the corporate domain, but is targeted @teading the customer domain (Figure
2). This process makes market research time-comgynmexpensive and often not
feasible, which regularly occurring product flopowg.
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Figure 2: The problem of sticky information withra@ntional market research activities

Franke and von Hippel (2002) noted that so abo%é 60all customer needs are typically
not addressed. Added to that, customer needs chasggdarly during product use



(Rosenberg, 1982). Thus, is often an iterative @ggr needed to get these information,
which is realized through product prototypes arglrttesting under high monetary and
time expenditures.

Von Hippel (1994) states the “stickiness” of certamformation as the reason for the
difficulty of acquiring, transmitting and procesgint. Sticky information is locally
available, but hard globally ascertainable. Yetthaut this information, the product
development process provides high risks and floppeedictable.

User innovation

To meet customer needs in this increasingbgahtinuous environment, efforts to
customer integration and customized productionhi@ form of Open Innovation and
Mass Customization have to be made. With toolkis diser design and product
configurations, customers can be involved into pobdd development. Product
configuration can be found mainly in companieshie tonsumer goods industry, which
offer their products on the Internet.
Model examples of Mass Customization are interheps for custom-made shirts (eg.
www.tailorstore.de), which apart from individual aseirements allow several million
combinations regarding the design. The American paoty Thread Less
(www.threadless.com) connects Mass Customizatioin @pen Innovation, by asking its
customers, to design T-shirts for themselves that lze evaluated by other customers.
The most popular designs will than be awarded wakh prizes and offered on the
internet shop.
Considering the stickiness of certain informatidre tbenefit of such instruments of
customer involvement becomes clear. With a toadkitconfigurator, the development
process is shifted into the customer domain whike transfer of information into the
corporate domain becomes unnecessary (Figure 3)edigning the desired product on
their own, the entire information of customer needssed to realize wish products. At
the same time, the cost of customer acquisition -agntion will be reduced and the
innovation process accelerated.
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Figure 3: Information processing within the customi@main by using tool kits
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Attaining the ,long tail”

In addition to higher customer satisfactianich results from Mass Customization
by the fulfilment of individual desires, companiaso benefit from the so-called long-
tail effect (Anderson, 2004). This effect implidgat an enterprise can be profitable by
covering a large number of niche markets (althoexgry niche for itself generates little
revenue) instead of trying to cover a mass markéis strategy is promising for
businesses that can manage to expand the circustbmers through a customized
production without losing control over rising casts
Actually this effect can be observed in many adabe digital media industry. A classic
example therefore is the distribution of musicdilga platforms such as iTunes. Due to
the low cost of disk space it is worthwhile for demns to offer products (in this case
files), which are sold very rarely.

While companies usually concentrate on coveringxasting mass market with a very
cost-effective mass production, the long tail isiaeed through sales of a number of
special (customized) products (Figure 4).
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Figure 4 The long tail effect, distribution of sales of m@seduction (left) and long tall
production (right)

ASPECTSOF AN OPEN PARADIGM
Collective Invention, Crowdsourcing and Co-Creation

Under the term Collective Invention Allen 83) summarized trends in the creation
of physical goods that can be compared with theepinof open source software. While
Open Innovation and Mass Customization depict sitencustomer integration in the
innovation and development process, Collective mtioa, as well as the terms
Crowdsourcing and Co-Creation describe the cooljperaif a lot of people to create
goods, while there activity is not related to aulagemployment.
Allen examined the innovation process in the Britsdeel and iron industry and stated
that competitors shared their innovations in thesdfwith each other. Osterloh (2006)
cites other examples. Among others the HomebrewpDten Club, in that (around 1980
founded club) people met, who were interested enube of micro-processors. In a free



newsletter, information was distributed and at nmgstthe members reported their latest
innovations. As a member of this club Steve Woznidde later Apple co-founder,
developed his first own computer. First as marketaboducts were created, and the club
members faced each other as competitors, informatioich then became trade secret
was not revealed anymore.

Motivation for Crowdsourcing
From the perspective of a whole community sharing of knowledge is ideal, but

single companies are better off, if they managé&etp their knowledge secret. Although
sharing of knowledge depicts a dilemma, howevelgast in a pre-commercial stage
knowledge-sharing indicates benefits.
In fact, in an early phase of development is ghdearning for all involved, so a
knowledge-sharing brings synergy. Before the consrakbstage of the product, losses
may also not result (e.g. of market share) by treisg of knowledge. But, there is the
chance of an early influence and agreement on atdad Further crucial roles have
selective incentives as reputation or profits ofabue enhancement through knowledge
sharing (Osterloh, 2006).
While the above example collapsed with the begigmihthe commercial stage after the
development of a "dominant design”, in contrast ¢basistent model of open source
software has to be considered. To transfer this eindd other industry branches,
however, the specific underlying motives have toeramined. As encouragement to
participate in an open source project apply batiinsic and extrinsic motivations:

- Profit through expanded functionality (extrinsic)

- Reputation (extrinsic)

- Commercial incentives (extrinsic)

- Pleasure (intrinsic) (Osterloh, 2006).
For the "homo economicus” within a community it Wbie rational, to act as a free
rider, skimming but not contributing knowledge. Elés another dilemma that only then
dissolves when the individual costs for a contitoutare lower than the individual
incentive for a contribution. Under certain corai$, the costs for individual
contribution even can be low during the commersiage.
First, distribution costs influence the individuabsts. The more effective knowledge
sharing gets, the lower the distribution costs Srethe dissemination of information and
communications technology is therefore the bestqrdition. Secondly, the treatment of
users as innovators provides an increased levalodization. So this intrinsic motivation
provides for a reduction of the perceived individeasts. A third option to shrink
contribution costs is the modularization of thektakhis allows multiple specialized users
to work on the development in small steps indepetig¢Osterloh, 2006).

Co-Creation

The cooperative provision and use of experiendelligence and abilities of a large
number of people, with the aim of value creationaed Co-Creation. This special form
of value creation can already be observed sporidid&orld-wide, there are a large
number of individuals, building spacecraft in theled (e.g. as part of the X-Prize
competition), or developing Farnsworth's fusionctees in their basement (Bowyer,
2007b).



These are examples for very specific applicatiargt explains their limited occurrence.
More likely is an application of this idea to thes$ expensive development and
production of consumer and industrial goods. Bdigidais the idea that an additional

benefit to the community results from the widessgble participation of a number of

their members. The demand for the skills and coemmé¢s to the articulation and

implementation of their own individual needs in@es with the progression of the
development process. Consequently, there are géegmamber of those participating in

generating product ideas and in planning than tlaeeeof those involved in detailed

designing and contributing to the engineering (Fedh)). (Fuller, 2006)
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Figure 5: Co-Creation (Fuller, 2006)

OPEN PRODUCTION - AN OPEN PARADIGM FOR PHYSICAL GOODS

The authors of this paper are of the viewt tha open approach is not only
appropriate for the production of informational depsuch as software (Linux, Mozilla),
editorial content (Wikipedia), or the initiation dévelopment (Open Innovation). Rather,
it is acknowledged the need for a holistic openrepgh. Below, “Open Production” is
therefore introduced as a novel concept, which mmpesses the entire value creation
process of physical goods (development, manufagusales, support, etc.).
The “open” term in this context has the same mepasin open source software. Hence,
openness means not the freedom in the sense @ Bieer” but primarily in terms of
“freedom of speech” (Stallmann, 1999). So the vibat everything "open" is against
maintaining intellectual property or trade secretswvrong. With such concepts it is
intended to allow the realization of integrated teyss of “"proprietary” and "open"
designs.

Open Design

Without any protection the openness of Coa@oa and similar approaches would be
endangered by patents or utility models. For teason the rules of Open Design (OD)
represent a sufficient precaution (Vallance ef.201). The Open Design rules describe



how collaborative developments can be protectetbsihg their openness as base for
further development by a certain type of licensg.a&esult OD leads to freedoms, which
can be formulated in line with the freedoms of opewnirce software (Figure 6). The
conditions for such licenses were elaborated by @pen Design Foundation (ODF)
(Vallance et. al.,, 2001 and ODF, 2007). For theighe®f OD-licenses only a few
principles must considered.

The most important point is linking the developmehOpen Design Systems (ODS) to a
regular and freely available documentation. Thaimfthe crucial basis for all further
development steps. Secondly, a clear labeling ef QDS is required, if redistributed
(whether free or for a fee) in combination with eogrietary system. And thirdly,
modifications of any kind are allowed of the ODQut B there is a further distribution of
the modified system, it is compulsory to documérg inodification, and to release the
extended documentation for free.

Sl SEEE e Open Design Definition (ODD)

(OSD)

‘ Freedoms ‘ Freedoms License agreements

Run the program, for any .
purpose . Use an ODS for any purpose 1. Allowing OD-freedoms

Redistribute copies (free of . Redistribute an ODS (free of 2. ODS and modifications come

charge or against a fee) charge or for afee) along with freely available
documentation.
Adapt the program . Modify an ODS
3. Clear labeling of the ODS, if
Release adapted program . Redisfribute an modified ODS distributed together with

(free of charge or against a (free of charge or for a fee) proprietary systems
fee)

Figure 6: Freedoms of Open Design and key licegseements (Vallance et. al., 2001
and ODF, 2007)

Thus, Open Production is more than the productiwrtife “public domain”. As for the
open source software, every user is free to makeegn&rom redistributed modifications.
There is, however, the obligation to share the dwntation for a modified design, if any
product with the modified design is redistributed & fee or even free of charge. This
allows that previous contributors also to partitgpia the progressing development.

Is there a future for Openness?

The sustainability of an open paradigm isydasreason because in its fundamental
nature and in its targets, it is similar to theeace method (Vallance et. al., 2001). And
there is a consensus, that science is the keyrafgechnological) advances.

Science is the acquisition of new knowledge througbearch and its dissemination
through teaching. This research is the methodieakrch for new discoveries, their



systematic documentation and publication in thenfaf scientific work. In doing so

other scientists should be able to understandiegréisearch results and working with
them. So the exchange of information allows repcoty and varying experimental
results, and adding to previous scientific finditig®ugh own efforts.

Akin to the scientific method, an open paradignow$ the rapid development and
continuous improvement through exchange.

EXAMPLES FOR OPEN PRODUCTION

While in industry only few activities with hstic open source approaches can be
found, however, the number of professionally madag®jects of university or private
origin is increasing. In the following, three curterojects are presented, that base on the
open paradigm and for which the development andiymion of physical goods is
central. Additionally, with Square Foot Manufactia new type of machine concept is
introduced, that could become another suitable elarfor the Open Production of
manufacturing equipment.

OScar

The project OScar (Open Source Car, http:¥iviaeoscarproject.org) is supposed to
be the first one to develop an automobile compfeteal the Internet (Honsig, 2006). The
basic pillars of this project are a communicatiomsd a development platform,
implemented with open source software. After aipriglary specification as basis for
discussion and drawing a series of design stuthespnline community was to begin its
work.
The goal is designing a modular vehicle with a anld freely available documentation
(geometric data, information on parts and matgriate can take to the nearby contract
manufacturer, who than completes the desired OScar.
The core team consisting of the heads of modulmseaeets basic decisions, while the
independent working module teams design the velmddules. Challenges such as the
question of product liability or variations and &tya management still have to be
overcome prior to the production.

RepRap

Within the RepRap project (http://reprap.prgt the University of Bath a rapid
prototyping machine has been designed, which casduyge the majority of its
components itself. The project can be found asglemption of the already 1950 by von
Neumann developed idea of the “universal construcithis is a system of computers
and production machinery, which together have thigato create a copy of its own.
Rapid prototyping technology encompasses methodsh# rapid production of parts
direct from CAD data. The work piece is build laysr layer out of amorphous material
with the use of physical and chemical effects.
For realization of such a machine individual paptnits in the RepRap project designed
and constructed a heated print head with a nordeaontrolled material feed. In
addition, a kinematics for the relative movementhef nozzle and software to control all
processes on a desktop PC were developed.
The framework of the machine consists of a steglaffold whose connection elements
were produced by the machine itself. Thus, the iredquelements of the RepRap are



whether produced itself easily or they are eagyrteure. It is assumed that the costs of
parts for this machine are no more than 400 elow/yer, 2007a).

The current use of thermoplastic as raw materialife RP technology within this project
limits the range of possible products of such ahimag while commercial RP machines
already fabricate work pieces of metal or ceramatamals. But there are attempts to
combine insulating and conductive plastics, thusrtmluce electronic components.

Fab@home

Like the RepRap project under the Fab@honogegl; a machine was developed,
which, equipped with RP technology, allows each,useprint” desired products from a
file on his desktop PC. The projects’ homepageattatime.org) is organized as a wiki so
each registered user can patrticipate in the dexnedop
Inspired users can expect a guide to the construcii such a desktop factory, including
parts lists and technical drawings, manuals etekd ito vendors allow both, purchasing
parts of the machine as a package or already ass¢miachines. The homepage also
provides product suggestions and ideas for imprevesnto the hardware and software.
The costs for all parts of the machine should moeed about 2300 US dollars, according
to the information on the site.

Square Foot Manufacturing

The Laboratory of Production Engineering deped a factory and manufacturing
concept for the fabricating of micro-parts, namegi&e Foot Manufacturing (SFM) due
to the size of its footprint (Figure 7).

Figure 7: Square Foot Manufacturing



SFM is a low-cost machine concept, matching chamtisarequirements especially

because of its scalability, so it suits for the Biod and made-to-order production. This
benefit to the end user is the basic prerequisitettfis machine concept being further
developed and distributed under aspects of Opetuetion of manufacturing equipment.

Open Production capability of changeable machimeepts

Usually machine tools are expensive and caoeg with enormous measures.
Therefore, only companies with mass production aicas afford the necessary
investments. However, the trend toward individwediproduction with much smaller lot
sizes recovers large potential for scalable andatdée machine concepts as described
with SFM or the Rapid Prototyping projects.
Despite this potential, however, further developtmsrslow, because the industry is not
particularly ambitious to make this technology #fale for cheap. So machine systems
remain large, very expensive and complex. So theeot market for versatile and
scalable systems is as small as it is. It is augicircle, because niche applications imply
a small demand for such systems and so they st@neive and complex, why they keep
worthwhile only for niche applications in turn.
Square Foot Manufacturing was developed as a cmaaine concept for the end user
to break this vicious circle. In order to maximihe potential benefits for users, they will
be fully integrated in further value creation preses. In addition, the machine systems
should be designed as changeable as possible, & mdividual needs. Because
depending on how useful the machines become fosude greater the feedback of the
market will be. If successful, this approach w#atl to a rapid expansion of the
technology.
As a framework for the comprehensive customer nattsmn qualifies the Open
Production concept. It is based on openness ardbooition between companies and
customers to achieve the above aims.

VIRTUAL FACTORY FOR CUSTOMIZED OPEN PRODUCTION

The previous sections have shown the exishipgortunities for the customer and
user integration along the value creation prodeésamples reaffirmed the practicality of
open approaches. Therefore, the implementationpein@roduction in a Virtual Factory
(VF) for manufacturing equipment (e.g. SFM) will described in the following.

Open Production of Square Foot Manufacturing-System

The intention of this VF is an efficient despient, production and distribution of
customized goods (in this case Square Foot Fasjoi$#=M provides a proper concept
for the implementation of a “Virtual Factory for &omized Open Production” for
several reasons. Because of the miscellaneouscapplis that are likely with SFM, a
distributed development is more beneficial than dibgelopment by a professional but
smaller development team. In addition, SFM is stillan early stage of development,
therefore developers are not facing each otheoagetitors. Much more arise synergy
effects from the cooperative provision of knowledged the possibility for an early
agreement on standards. Furthermore, SFM due towtgost and modular design has a
special suitability for such a development conc€mmpared to conventional complex
and expensive machine tools, with Square Foot Mantufing a customized production



may be achieved so additional markets and evelotiggetail of manufacturing equipment
production comes into reach.

Virtual Factory

A Virtual Factory (VF) is typically a connémt of independent companies to a
temporary production network, with the goal of $ofy a narrowly defined problem
efficiently. This original understanding has to brtended by two essential points.
Firstly, as a network partner in our case, all cors will be added. Secondly, the
closely-defined mission here is no less than th@eemalue creation process for SFM
systems from product development to user support.
The information and communications technology affdre appropriate tools for Open
Production. All interactions so can be collectivelgnaged through a broker. This broker
is the hub for knowledge and products. It will alized by three Internet platforms
(Figure 8).

Figure 8: Virtual Factory for Customized Open Prci¢chn

The Virtual Factory can be depicted as the intevaatetwork of a variety of players that
are linked by both communications as well as tretisa channels. For all interactions
the broker platforms are used. The players on tileeside are the users, customers and
consumers. Because of their participation in tHeevareation they become more or less
producers and therefore are referred to as “Pro®im&heir ambition for various
possible interactions is not only extrinsic (repiota, profit, etc.) but also intrinsic (e.g.



pleasure). On the other side of the network dewrkypnanufacturers, suppliers and other
service providers can be found, whose actions ate/ated solely extrinsic.

The interaction network consists of different madulwhile each individual module is
suitable, to increase the potential involvemerdlbplayers in the value creation process.
The basis of the development platform is a conteahagement system (CMS), with
which the necessary information is collected, madagnd will be provided. For such a
"knowledge database” (such as Wikipedia) moderatednmoderated systems can be
used. The CMS allows the provision of the necesskmpw-how for product
development. One can on this basis provide an dithiction to technology”.
Furthermore, the progress of the development psoceslocumented here. Detailed
design instructions, drawings, manuals and pasts lnay be stored and handled in
appropriate file formats. For the entire developtr@iocess, the principles of the open
design have to be applied to ensure the opennetisefentire value creation.

Additionally, there is the possibility to discussthin a number of forums to several
topics so that besides B2C also C2C support cargiben. Companies have the
possibility to initiate idea competitions and teveed innovative contributions.

After the product development is completed, proawetfigurators are used to customize
the machines and on the trading platform ordersbmmade while there are various
ways of pricing. For example, customers with theesar similar needs can be bundled
or pooled to lower costs for both, customers amyiders. Prices can be found through
supply, demand or double auctions etc. Both, systeathcomponent suppliers can also
offer fixed prices.

On the user platform instruments should be setaupermit the initiation of further
developments on the development platform. Prodxatmples, process parameters for
certain operations and material information willdehanged in a forum.

The “knowledge and product broker” in the netwarkhie mediating body and overtakes
control functions. This includes responsibility the observance of the rules of the Open
Design during the development process. The brakelsb responsible for the design and
management of the CMS, so that the greatest pegsaloticipation can be achieved. For
this, the broker has to be independent of all pkaye

CONCLUSION

With the implementation of a “Virtual Factoigr Customized Open Production” for
the development of manufacturing equipment like SEMery user of such a system
obtains the ability to participate at the valueatian within the range of his capability.
Even selfish motivated players result benefit foe tommunity with their individual
participation. In Contrast to popular models thetomer integration remains not limited
to the innovation process. Rather the customeuenite on the entire value creation
process effects benefit through using custometta@lanformation directly within the
product development process.
The realization of the outlined concept is partusther research, which aims on the rapid
development of a technology with Open Productidnrepresents a contribution to
changeable production systems as a dynamic respmngbe changing economic
environment.
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