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Several companies in tiénnish manufacturing industry produgeartly configurable
products thatinclude oneof-a-kind components.One-of-a-kind componentscause
challenges within companieas opposed to fully configurable prodyatgich include

only standard and configurable componerdsntifyingand managinghesechallengs

is hard asthe subject ofproduct struture affecting the produdd d$ife-cycle such as
orderdelivery processs complex and requires a holistic approach.

This research aims tprovide adescription of differences of characteristics and
behaviour between partly configurable prodstctictures and fully configurable product
structures, in a chosen scope of prodifietcycle phasesThis is done by developing a
conceptual frameworkProduct Lifecycle Disposition Model (PLDM)which is an
explanabry mocel to describe dispositions ahdw to manage them in order to achieve
ac o mp a n y 0 Bheresaarch appliddesign Research methaldgyin the research
processThe initial version of the model is constructed basedhenliterature review,
theory basis andtate ofthe art arourd Design Sciencand SystemsEngineering The
explanatorymodel is demonstrated and further developed in a case study with a
company from the Finnish manufacturingdustry. In the case studyhe current
companyos prabtet progiuct arml nité icagtarerelevant dispositions are
compared to a scenario of fully configurable prod&com the overall analysis of the
dispositions results and recommendations are drawn.

The case study indicatabat the PLDM framework resembles the real world
situation in bsginess and the challenge the manufacturing industry currently faces in
Finland. Partly configurable product structures are a good example of the effect the
product structure has to the overall prodlifiet-cycle The resultsof the case study
examining thecompany's product indicated that the orsleecific product structures
caused invalidity of the information in threbosenphases of the producliée-cycle
The results also represented recommendations for actions to solve the problems
following thePLDM framework. The recommended actions were directethémging
t he prliledyclestclasacteristics.

This research concludabe PLDM is comprehensiven relation tothe chosen
theoriesand state ofthe art in Design Science and SgsnsEngineerng. It contributes
to the Design Scienceb y providing a cyclic mo d e |
characteri st ilife-syclessysm towaals its adquirements and targets,
derivedf r o m p fife-dyclecThensveltyof the PLDM is that iusesa Flow model
to depict the information, work, material and control flawshelife-cycle processThe
PLDM provides a conceptual framework for the manufacturing industry to develop their
integrated product angrocessystemsThe PLDM is seen as part af broader research
area, which aims to introducesapportive tool for consultation purposes
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Avainsanattuoterakenne, dispositiotegroitu tuotekehitys ja tuotantaeirtausmalli

Useat yrityksetSuomenvalmistavasa teollisuudessaottavat osittain konfiguroitavia
tuotteita, jotka sisaltavatniikkeja komponenttejaNama uniikit komponentit tuovat
yrityksiin haasteita, suhteessa taysin konfiguroitawiiotteisiin, jotka vastaavasti
koostuvat pelkastddn standardeista ja konfiguroitavista komponenteista. Yrityksille
naiden haasteiden tunnistamin@nhallitseminen on vaikeasilla tuoterakenteiden ja
tuotteen elinkaarenaiheiden kuten tilaustoimitusmsessin, valiset riippuvuudet ovat
kompleksisia ja vaativat kokonaisvaltaista lahestymista.

Taman tyon tavoitteena okuvata ominaisuus ja kayttaytymiserojaosittain
konfiguroitavien ja taysin konfiguroitavietuoterakenteiden valilla, rajatussa maarassa
tuotteen elinkaaren vaiheitdyd on osana laajempaa tutkimusta, jossa tavoitteena on
kehittaa paatodsta ja ymmarrysta tukeva tydkalupaketti konsultaatiotarkoituksiin. Tyd on
toteutettu kehittdmalla Tuotinkaaridispositiomalli Product LifeCycle Dispodion
Model, PLDM), joka toimii selitysmallinakuvaamaan tuotteen ominaisuuksien ja
tuotteen elinkaaren valisigiippuvuuksia eli dispositioita PLDM toimii myo6s
prosessinkuvauksenanissa seka tuotetta ettd elinkaaren aikaisia prosesseja voidaan
kehittdda amanaikaisesti. Tutkimuspsessi soveltaa Design Researaietodologiaa.
Alustava ver® mallista luodaan kirjallisuselvityksen pohjalta, jossa kaydaan lapi
relevantti teoriapohja ja taman hetk vallitseva tutkimus tuotekehityksen ja
systeemitekniikan mpariltd. PLDM esitelladn ja testataan  kayttdamalla
tapaustutkimusta, jossa hyodynnetddn tietoja suomalaisesta valmistavan teollisuuden
yrityksesta. Tapaustutkimuksessa yhden yrityksen tuotteen oleelliset tuoteominaisuudet
selvitetddn seka mallinnetaan ttieen elinkaaren virteelementit,informaatio, tyé-,
materiaal seka kontrollivirrat. Taman jalkeen kuvataan kohdistetusti dispositioita, joita
verrataan elinkaariskenaarioon taysin konfiguroitavassa tuotte®@ispositioiden
analyyseista johdetaan tldset ja suositukset yritykselle jatkotoimenpiteisiin.

Tapaustutkimus osoittaa, ettda PLDWitekehys todentaa kaytannon tilannetta
teollisuudessa ja niitd haasteita, mitd valmistava teollisuus Suomessa kohtaa. Osittain
konfiguroitava tuoterakenne on hyvéiraerkki tuotteen ominaisuuksien vaikutuksesta
tuotteen koko elinkaareen. Tapaustutkimuksen tulokset osoittivat, ettd muun muassa
informaatiovirran  puuttuminen  muutamassa  elinkaaren  vaiheessa  johtui
tilauskohtaisesta tuoterakenteestaispositioiden analy@misesta johdettin myo6s
yritykselle toimenpiteet ongelmiaatkaisemiseksi noudattaen PLDBWtekehysta.

Johtopaatbksend voidaan todeta, ettd PLBddidatteleevalittua teoriapohjaa ja
viimeisinta tutkimusta tuotekehityksessé ja systeemitekniikassa. Tutkiosadistuu
tuotekehityksa tutkimukseentarjoamalla syklisen mallin integroituun tuotteen ja
tuotannon kehittamiseen hyddyntamalla tuotteen elinkaaressa virtausmallia. PLDM
tarjoaa selitys ja toimenpidemallin valmistavalle teollisuudelle heidan intedwai
tuotteen ja tuotannon kehitkseen
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1. INTRODUCTION AND MOTNATION 1

1. | NTRODUCANDNMOTI VATI ON

Configurable products are common practiceha Einnish manufacturing industrin
t oday 0 slimgedcanfigardbilityis acompetitiveand widely accepteday to fulfil
a wide range of customer requiremeatsd to have the advantages of repetitioh
similar products and componen{duuti 2008) However, this is not as simple as it
would seem

Generally, acompany approaches a configurable prodsicicture from two
diredions; from a mass prduct perspectivepr from a projectoriented oneof-a-kind
producs starting point(Tiihonen et al. 1996fseefigure 1.1) For examplea change
from one of kind products to configurable products can be a long and challenging
process, which requires a lot of development m thc ompanyds overall
addition, a whole configuration sup system and a product knowledgaise system
have to be developed in order to manage and maicwaiingurale products.

Economies

of Scale
MASS
PRODUCTS "Why?”
>
STANDARD >To create new customer segments

e \'Ibwllden the offering for customer segments

CONFIGURABLE
PRODUCTS

J)Why?)}
PLATFORM > To have less work per delivery
DELIVERY \To have better R&D efficiency
UNIQUE
PRODUCTS
ONE OF A KIND

DELIVERY

Fit to Customer
Needs

Figure 1.1.A shift over to configurable paradigraltered fromJuuti & Lehtonen
2006)

Integrated Product and ProductioResearch Group (IPPD) from Tampere
University of Technology, led by Professor Asko Riitahuhta, has a strong research
background in product structures and design methods, espeamallproduct
modularisation and cofiguration. The research group has wodkein projects
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specificallyinvolving partly configurable product structuresccording tothegr ou p 6 s
experience,many companiesin the Finnish manufacturing industiye still in the
middle ofthis paradigm shift from ordespecific product structure tailfy configurable
product structures. The result is a partly configurable prosimatture which at the

same time includes configurable components amskof-a-kind (orderspecifig
componentsPartly configurable pmuct structures have not been toeus of any

larger scaleresearch and in any currently availableesearch it has not been
distinguished fronthe configurable products category.

Also, according to the experience of IPPD research groupently companies are
expecting the same advantages of the imgusttivities throughrepetitionwith partly
configurable product structuress it would be possible with fully configurable
products There is clearlyconflicting relationship between the expedtans and the
actual behaviourin the pr o d u c-tybles Thé inddequateknowledge of partly
configurable products and their special requiremapggeato be the reason for this.

The research group has identifitidat mmpanies in themanufacturingindustry
acknowledge that certain steps are required to realise an intentvandsma ready
physical desired productFurthermore companies understand that information is
required to achieve these steps. What seems thddienging for the companies is to
recognisethe inter-relationship and interaction between product structure and product
life-cycle These relationships are called dispositioftsis seems to be also one of the
reasons foithe unawarenessf the challenges that should be considered iltly
configurable product structureés long as these dispositiomemain unrecognised
actions to overcome challenges facing partly configurable prodoatsiot be
undertakenThe term disposition is often | ink
dispostional mechanism$iowever, the meaning is differem this thesisas will be
shown later.

This thesis aims to providenaexplangory model forunderstandinghese inter
relationships and interactions between product structure and pidducycle It is a
conceptual framework to explaimtegrated product angbroduction development
systemfor the manufactung industry. By doing sothe model will also open a
conversationabout the challenges companies are facing due to partly configurable
product strutures.

1.1. Context

This study exists as part of a wider research #&edhe IPPD research group
pertaining tointegrated product angroductiondevelopmentThis thesis develaan
initial concepual frameworkwith the potential to inforntonsultationprocesses with
manufacturing businesseshelp outline and understand the impactdesfision making
and create design rationaliés purpose will be realised in the area of product and
production developmerioth in science and in practiterough furthe reseach and
continuedo industry application
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z N
Current .
Conceptual . Consultation,
Body of Implementation . .
Framework, Case Testing & Design
Knowledge, . . such as software 2T -
Initial stage  Studies Utilisation in Rationale
TuT of PLDM tools Industr
Research Y
N -

Figure 1.2.Contribution of the thesiwithin the wideresearcharea

Figure 1.2 shows a roadmap of the wider research. @&gaindicated by the
annotation box above, thihesisrelatesto the first tvo stages othis research by
developing the conceptual framework anditegit througha case study.

1.2. Objectives

Theprimaryaim of this tkesis is:

Description of differences of characteristics and behaviour between partly
configurable product structures and fully configurable product structures, in a
chosen scope gfroduct life-cyclephases

To achieve this aim,his thesis has two main objectivéBhese objectives are the
following:

1. Introduction of a conceptfor disposition modeling using information, work

and control flows.

2. Capture of the characteristics, dispositions, andproperties of partly

configurable product structure and fully configurable product structure.

These objectives are derived from the experience of the researchers in the
Department b Production Engineering alUT and are natural successoto the
previous work done atUT.

First of the objectives, a concept five disposition modelwill be gathered from a
literature review and from the previous work done in the are®easign Science
dispositional thinkingand life-cycle modelling This objective will have a significant
influence from the previous work done in th@egrated product and production
development(IPPD) researctieam in the Department of Production Engineeratg
TUT. It will be tested and further developed in a case study.didpositionmodel is a
practicalframeworkto support decision making dugrconcept development phase in
design process he outcome of this objective is anitial concept for the model. In the
initial model only one of the elements in flow model will be used as demonstration. The
chosen flow igsnformationflow.

The later of the objectives, aaptureof product characteristicglispositions,and
behaviourbetweenpartly configurable andully configurable productsyill utilise the
theory and methodologies gathered in the area of product configuration and
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modularisationwhen using the disposition model in practice. Product configuration and
modular systemknowledge thrives from the past work done byrofessor Asko
Riitahuhta,Doctor Tero JuutiDoctor Timo Lehtonerand thelPPD research teann
Tampere University of Teclotogy. In the comparison, the different effertghe cases

of fully configurable product and partly configurable product will be analysed. As an
outcome, results andconclusions from the examination will be presentétiese
conclusions will also represeran example of practical results gained from the
disposition model.

1.3. Research questions

Theobjectives are transformed intiwe followingresearch questionhesewill guide
the writing process to give an answer to the objectives.

The first objective isransformed in tdwo questions:

1 What kind of elementsa disposition model consists of?

1 How is adisposition model implemented in practic@

The second objective &ddressed usintpe following question:

1 What is the difference between a fully configurablgroduct family and

partly configurable product family?

1.4. Research scope

The needs for this research weidentified through theon-going work of the IPPD
research group atUT. The scope of the research was chdsetomplimenthe wider
research areaf the IPPD research group in the chapter 1.1.

IPPD research group iprimarily involved with product development research
projectswithin the Finnish manufacturing industry, atigerefore thighesispertains to
Design Science and Systems Engineering. Alheftheories and state of the art can be
traced back to these two broadietds.

PARTLY CONFIGURABLE
PRODUCT STRUCTURE
1
PARTLY
|
1

T P T Tl T r i

|-<|-I| i =
— - T
— = T
— T
HI

Figure 1.3.Division of product structures, the case of partly configurable product
structure.(Attained fromJuuti & Lehtonen 2006)
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In product developmentthis thesis focuseson partly configurable and fully
configurable product structures. A partly configurable product structure (figure 1.3)
consists of standard, partly configurable, configurable and-obaeind (order
specifig components. This decision came from the IPfBearch group, and was
determinedo be a gooddemonstrable case for the size of a Master of Science thesis.

This thesisconcentrates orthe development processed existing productsor
brownfield producs. However, the possibilityf utilising the model in new product
development is not excluded from future target of application and research.

Beginning Of Life (BOL) | Middle Of Life (MOL) | End Of Life (EOL) ‘

: i : i
roquirements Pl Concepual design | | | Madntennee | 3); |
q : i T P (Service) i Recovery i
[ [ 1 1 |
: . : : E 4 :_E_, N (l?ec_v;::lmg‘: ) .
Product lifecycle ! Detailed design O Use | i emanufacturing, :
requirements i * E ; % i i ete) :
* H ) . Distribution ' i
! Production N {Logistics) i I |
. i H !
1 ] 1 1 1} 1

1 L} 1]

Figure 1.4.Product Lifecycle divided into three phasd&ack annotatiorbox indicates
the area of focu@Dimitris Kiritsis et al. 2003cited in Shin et al. 2030

This researclalso investigates produlite-cycles (figure 1.4) however it is limited
to Beginnng of Product Life-cycle (BOL) andMiddle of Life-cycle (MOL) phases. It
also includes general product lifeycle phasesfrom order to delivery and from
utilisation to maintenance services. This was due to the case study, which only provided
analysis within theskfe-cycle phases.

1.5. Structure of the thesis

In the thesis, the research approaishrepresentedirst, and descrbes the chosen
research method and classifies it in relation to other approaches. Then the process for
the formulation of research questienis describedfollowed by the description of
selecting relevant theoseand state of the afthen the chosen thgobasis and relevant

state of the arta case studythe results andrecommendations of the case study
discusion andconclusion are described.
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2. RESEAREKRPPROACH

This chapter gives an overview thie research method used in this thdsigrature
for references willaterbe described.

This thesis follow the Design Research Methodology (DRMuidelines, a
comnon research methodology used in design. Rrstassification ofthe research
approach isdentified the research methodology will be explainaad thena more
detailed approach within the DRM will be described.

2.1. Classification of research approach

A classificationin which research work is divided between descriptive and normative,
whereas in theoretical and empiricalas first presented by Neilimo and Nasi (1980)
and was later extended by Kasanen et al. (19833Koho 2010) The classification
identifies fivedifferent fundamental research approaches which are located in between
two perpendiculaaxes. These axes are descriptioemative and theoreticaimpirical.
Figure 2.1 shows thé&ve approacks marked on in the axes, which are conceptual
nomotheticalactionroriented, dedion-orientedand constructive.

Theoretical Empirical
Descriptive Conceptual approach | Nomothetical approach
e ActiOn-Otiented
_ approach
Normative Decision-oriented approach Constructive approach

Figure 2.1.Classfication of research approach¢kasanen et al. 1993)

Descriptive research descesihe object of research and swersquestions such as
Ohow t hiamgs 0avih qa likenthey agid ukka 1991) Normative research
contributes todecisionmaking answeringgue st i ons showdh hasgs$ihbw
and Awhat shoul d IMevingtotheeother éxis,uhledcetical teSearth) .
relies on previous research and empirical research commonly isvwigeementations
of results in pactical use or demonstrat®of r e s wsabilgyGn practice however
this will not play a significant part of the thegisuikka 1991 Kasanen et al. 1998ited
in Koho 2010.

This thesis is classified as a conceptual approach, as it aims to corsstruct
conceptual framework & modelusing available theories and state of the art.
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2.2. Design research methodology (DRM)

DRM wasdeveloped by Lucienne Blessing, Amaresh ChakrabartiKamd\Wallace in
1991 and further developed to htlsilly suit the design research nee@essing &
Chakrabarti 2009)According to Blessing Chakrabarti(2009) the three main drivers
that motivated the development of DRM were:

1 Lack of overview if researcalready existed

1 Lack of use of results in practice

1 Lack of scientificrigour

The biggest contribution of DRM eddressinghe lack of scientific rigour. DRM
provides a framework to support a more rigorous approach in order for design research
to become more effective and efficie(Blessing & Chakrabarti 2009)

DRM includesa et of supporting methods and guidelines for doing design research
Because DRM has beaplelyestablished for the purpose of design research, the
objectives areonsistent and aligned with the aims astihesis. See figure 2.2 for
aims, objectives and facets of design research.

Blessing& Chakrabarti(2009) identify two main objectives for desigrsearchthe
formulation and validation of models and theories about phenomenon of design with all
its facetsand the development and validation of support founded on these models and
theories. Both objectives aim to improve design praaticeany industriegncluding
managemerandeducation(Blessing & Chakrabarti 2@0)

product

Knowledge, inols . ]  organisation
& methods Understanding
Process ﬁ
g

Improving design (product and process)

nticro-econony

people MAacro-economy

Figure 2.2.Aim, objective and facets of design reseal@lessing & Chakrabarti
2009)

Generally the DRM proces®nsists of foustagesResearch Clarification (RC),
Descriptive Study 1 (DS 1) Prescriptive Study(PS)andDescriptive Study 2 (DS 2)
((Blessing et al. 1992; Blessing et al. 196#ed in Blessing 2009The DRM
framework is illustratedh these four stages in figure 2.3.
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Basic means Stages Main outcomes

Literature =

) Research Clarification | =—— Goals
Analysis

B §i

Empirical data

Analysis = Descriptive Study I = Understanding
Assumption lﬂ
Experience = > Prescriptive Study = Suppaort
Synthesis

§

Descriptive Study 11 2> Evaluation

Empirical data
Analysis

Figure 2.3.DRM frameworkBlessing & Chakrabarti 2009)

RC is the first phase of DRMuring which researchers try to find evidence to
support their assumptiorendto formulate a realistic and useful research gaédo,
focus of the research is realised along with research problems, research questions and
hypothesesRC commonly includes literature reviews and analgsd it is during this
stage the relevant disciplines and areas of literature are clig@assed on theiridings
during RC, initial descriptios of the existing situatiorand desired situatiommre
developed.A preliminary set ofassessmentriteria is alsodevelopedto measure
outcome. Finally, RC provides ascopefor later stagego fulfil their requiremerst.
(Blessing & Chakrabarti 2009

DS 1 stage continues from Rf@viewing the literature for more influencing factors
by investigatingn more detaitheinitial description of the existing situati@nd tence,
gain more understanding of tlearrentsituation DS 1 can also include empirical data
analysisif necessaryto support the literature reviewAn important objective of this
stage is to clarify in more detail the factors that influence the critadacamplée a
reference modeproviding the basisof the next stage, PEBlessing& Chakrabarti
2009)

PSdeterminsthe key factors to be addressed in order to improve existing situation.
During PSanimpact model is finated andintended support iglentified The support
addresses the key factors in a systematic amyincludes initial @aluation of the
actual supportThe evaluation determines whether to proceed to RSd2valuate the
effects of the support. Finallguring PS an evaluation plasoutlineddeveloped as a
starting pint for the final stageDS 2. (Blessing & Chakraba2i009)

The focus of DS 2is to evaluatevhether the outconsehavethe expecteddesired
behaviour.This stagealsoincludes justificationof whether the supportontributes to
succestl attributes to succedsl evaluationand whethethe impact model is tenable.
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Finally, during DS 2 a significant objective is to identify necessary improvements to the
concept and context of the support and to evaluate the acafrtwy reference model.
(Blessing & Chakrabarti 2009

Research Descriptive Prescriptive Descriptive
Clarification Study i Study Study I

1. Review-based —* Comprehensive

2. Review-based —* Comprchensive =1 Initial

3. Revicw-based —» Review-based ——» Comprehensive 4 Initial

4. Review-based — Review-based — Review-based - Comprehiensive

[nitial/ =
Comprehensive

5. Review-based —* Comprchensive—* Comprchensive =T Initial

6. Review-based —* Review-based —* Comprehensive =—— Comprehensive

L YR S —
7. Review-based —1* Comprchensive—* Comprehensive T+ Comprehensive
 EE— |- S ]

Figure 2.4.Types of research methods in DRRBlessing & Chakrabarti 2009)

DRM is essentially coprehensive butloes not necessarily medmat all of the
stages shouldbe used at all timesand in the ordepresentedIn addition, DRM is
presumablynot supposed to be lanear process, but instead may require many iteration
phasesDRM represents seven main types of research to be chosen(deenfigure
2.4), which are applicable fadifferent cases. Motives for choosing a type of research
may varydependent on a number of fact@tsch as lack of understanding of existing
situation or lack of understanding of success critéBessing & Chakrabarti 2009

2.3. Chosen type of research method in the thesis

This thesis applies the DRNb a limited extent. Given this model is tailored to
comprehensive research projects such as Dodioeakes;a thorough use of DRM is
neither relevant noreasonableThis thesiswill use research type listed above

consisting ofa comprehensive study of an existing situatsince thisresearch is
undertaken when the literature does naivpte links betweeriactors ofinterest and
selected success factofBlessing & Chakrabarti 2009
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PRELIMINARY LITERATURE REVIEW

Research
questions

NS

1ST DESCRIPTIVE STUDY

Specify objectives Scope of research

Theorybasis & Preliminary Proposal for using
State of the Art concept for PLDM PLDM in practice

NS

INITIAL CASE STUDY

Answersto research questions

NS

DISCUSSION & CONCLUSION

Figure 2.5.Research process in thikesis

As shown in figure 2.5, this thessars with a preliminaryliterature reviewto
clarify thedirectionand scope of the research in order to refireresearch questions.
The next stage is the first descriptive study in which ghaiminary concept forthe
conceptual modek structuredbased orthe relevant theories aritle state of the art.
After this, a case study is conducted which aims to answer the primaryiebjetthe
thesis. Also thereliminaryconceptual modek developed from the experience of the
case study. Finallythe results answer the research questions.

2.4. Formulation of research questions

The fnal research questions are structured during the research clarification stage.
During this stagenitial questionghat guide the review procease modified to answer
the objectives more accurately.

At the beginningof the thesis project the preliminary questions focused on
identifying the produ@ properties andife-cycle phase propertiesolwever, further
researchindicated that these questions were irrelevanthe model structuringThe
definition for propertie was still very broadt the beginning of the research and was
refinedas the relevant theorié®came apparerit wasalsorealised in the initial phase
of concept developmethatthe point ofinterest isdentifying andunderstanding all the
influencing elements in the modahdthe modelling process.
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As researclrontinuedand thefinal objectiveswererefinedit was identified that it
would be suitable to divide the questiof@siestions 1 and 2 add®the first objetive
to structure a corept for the explanatory modelwhereasqguestion 3addresss the
second objectivego demonstrate and conclude resultexplanatorywith a case study

2.5. Selection of relevant scientific theories and state of
the art

The primary purpose for thisresearch isto address a neewithin the Finnish
manufacturingndustry and contribute to th®esign Sciencs e ct or 6 s devel ¢
relatedmodek and applications iHPPD. This research continues from work already
done in the IPPD resea group afTUT and employs available theories and practices
from Design Sciencesystems Thinking was alassedto completethe theory basiso
bring a holistic system level approach to this research

One of theresearclobjectives is to provide a concapt model to be used in future
practical applications to ease and facilitate the decision making procgssduct
design and developmemecent work done in modelling produiée-cycles is therefore
seen as a core starting point to develop and rdimendel.

The Flow model was choseas a suitable method of distilling and interpreting
information havingproved its functiondy in previous projects done by the IPPD
research grouplhe Flow modelwas used to generate ready applicationzroductlife-
cycle modelling, and this valuable experience led ttee decision touseit in the
development of thexplanatory model

Product Configuration and Modularity was chosen purelgutgport the findings of
the case study. This is a strong and well knameaamongthe IPPD research group.
The case study providen opportunityto model situations that are well known to the
research group, but have nyett been clearly illustrated for bigger audience.

2.6. Literature review

The iterature review started fromeahheory basis anthe state of the art in the field of
Design ScienceThe eview wasconducted using a selection of keywords and terms
relating to the study. Literature review covered journal databases, conference
proceedingsbooksanddoctoral dissertaons from the area obesign Scienceas well

as a comprehensive study of the past work done in the researchagilp.

Design Sciencencluding Theory of Technical Systems, Design Process Theory,
Theory of Domains, Product Structuring, Theory of Disposition, and Prepergn
Developmentwere already well known areas the IPPD research group andere a
good starting point fothe review. The keywordsand termsused to explorelatabases
and conference proceedinggere SystemsThinking, productlife-cycle, productlife-
cyclemodelling product structureproduct modularity and product configuration.
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2.7. Research results

In the initial phae of ths researchproject te final resultin the preliminary objective
was to integrate thexplanatory modeinto designstructure matrix basedoftware,
Dimo, which is used as a support tool in product design and developrmever, the
scope of thisvork was farlarger thancould be accomplished in thidaster of Science
thesis.For this reasonthe objective was changed to provideamnceptual proposal for
the explaining modeland further developthe idea with a case studyf partly
configurable prductswithin themanufacturing industry

Results are giveas direct responses the research questions. Ehthe sourcef
the results issolely from the given theory basis aride state of the art and aims to
provide a complete concept for the model.

2.8. Discussion and conclusion

The dscussionwill measurethe significance of the research in the fieldDafsign
Science and will also addressvalidity and possibilities of theresearch
Recommendations for further research are derived from the results afeaptesented
within the discussionThe @nclusion chaptewill mainly address the research results
and the case studyrhe mainpurpose of theseonclusions is to summarise the core
results of the research.
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3. THEORETI CAL BAOKGROU

In this chapter the theory basis is presented. The order of the presented theories also

represerdt he aut hords i nterpretation of their
In the following seventheories are repsentedncluding SystemsThinking, Theory

of Technical Systems, Theory of Design ProceBseory of Domains Product

Structuring Theory of Dispositions and Propeiriven DevelopmentFnally the most

important elementms this thesis are summarisedia¢ end of the chapter.

3.1. Systems Thinking

In general,Systems Tinking is the consideration of the whole system and its context
(Lamb & Rhodes 2009)According to Davidz(2006) Sysems Thinking regarding
engineeringfocuses on the use of experience and tools to analyse the technical and
social components and interrelationships of a sygsee Lamb & Rhode?009.

Work in the 'Systems

Movement'
\
Study of systems Application of Systems Thinking
ideas as such (1) in other disciplines (2)
\ |
Theoretical development Problem solving in
of systems ideas (1.1) Real-world situations (1.2)
[yl l
Work in "hard Aid to decision Work in 'soft’
systems (1.21) making (1.22) systems (1.23)

Figure 3.1 Systems movemed@heckland 1981)

According to Checkland& Haynes (1994) Systems Thinking evolved from
organismic biologists. One of them, Ludwid von Bertalanffy adgtieat the ideas
biologists had developed couldlso be applied in other systems. Bertalanthgcame
one of the significant influencers of tlearly General Systems Theory (GSWhich
was the influential theory behind the more rec8ystemsThinking movement(see
figure 3.1) The basic aim o6GST and its foundsrthe General Systems Society was
achieve crosslisciplinary application by employing the isomorphic mod€heckand
& Haynes 1999
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The SystemsThinking movement started from the study of systems ideas as
such evolved to problem solving in real world siti@is beforemoving onto research
of iHar do and AfBlard systemsis represemed. bgompute systems
analysis andbystemsEngineering(SE), whereasisofto systemss represented bgoft
systems methodologsSM). (Checkland & Haynes 1994.)

The divison of AHa r 8ystemsThinking( HS T ) Sod ®ydientsThinking (SST)
is relevant to this thesis and it also represents the most recent movement in the area of
SystemsThinking. Therefore more attention is taken into these twpproaches and
their differen@sin the next chapter

3.1.1. Hard Systems Thinking, Soft Systems Thinking and Soft Systems
Management

HST has been a popular approach sintdee 1950s and 1960sAccording to
Checkland & HayneshardSystemsThinkingis based on goal seeking amgsumes that
the problematicsystem can be named unamlaigsly and itobjectives can be defined
precisely, allowing it to be engineered to achieve objecties. also implieghat any
human activity could be regarded as a egmmking systenfCheckland 1985)This
approach is also one of the corigothesesf SE.

SystemsEngineering was developed in 1960s and playedan important role in
dealing with the complex problems of engineering aechnology in the field of
contemporary management scien8k. has been an effective approach for dealing with
technobgical and sociacomponents oproblems. However, as a quantified element
social aspects in SE are traditionally resources and d@ak®into account the complex
nature of real human activity systems. Tastkilemma SST and later SSM were
developed(Lamb & Rhodes 2009)

Figure3.2.Descr i pti on

The ‘hard’ systems
thinking of the
1950s and 1960s

The ‘soft’ systems
thinking for the
1980s and 1990s?

Oriented to goal seeking
Assumes the world contains systems
which can be ‘engineered’

Assumes system models to be models of
the world (ontologies)
Talks the language of ‘problems’ and
‘solutions’

ADVANTAGES
Allows the use of powerful techniques

DISADVANTAGES
May need professional practitioners
May lose touch with aspects beyond the
logic of the problem situation

Oriented to learning
Assumes that the world is problematical
but can be explored by using system
models
Assumes system models to be intel-
lectual constructs (epistemologies)
Talks the language of ‘issues’ and
‘accommodations’
ADVANTAGES
Is available to both problem owners
and professional practitioners; keeps in
touch with the human content of prob-
lem situations
DISADVANTAGES

Does not produce final answers

Accepts that inquiry is never-ending

of

Ahar do(Cregkland &985)

and
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SST is the more recent approach ahds been developing since the 1980s and
1990s. Itdoes not assume that the complexity of human activities can be captured in

systemic modelsinstead itaims tavard learning rather than to optimisation or

satisfaction. In additiolS ST concentrates modati isesnues

raantd

on solutions.(Checkland 198% The comparison between HST and SST is shown in

figure 3.2.

From SST emerged SSM, to which Peter Checkland has been an essential

contributor.SSMwas a result of researdatto thepossibilities of SEinderproblematic

management situation€heckland & Haynes 199t wasquickly discovered that SE

was not applicable for theskinds of human actiity systems where conflicting

viewpoints and interests are open for freqt change and where a consensus of clear

objectivescould notbe clearlyspecified (Checkland & Haynes 199€heckland 198%

Before going intoSSM in more detajltheChec k|l andds Systamsmar y
Thinking is presented. This summary has been influential for the development of SSM.

It compriseghe followingseven points:

1 In Systens Thinking whole entities are substantial. This way all the properties

can be depicted as a single whokehich in terms of the parts of the whole

would not have a meaning.

1 Systems Tinking is setting abstract wholes against the discovered real world in

order to enable learning.
T In SystemsThinking HST and SSExist ascomplementary approaches.

1 SSM is a systemic process of enquiging system models. It also consists of

the HST approach.

1 SystemsThinking should use the name dfolond for the constructed abstract

entities instead ofsystendto avoid confusions. The wardsystendis common
in everyday language and has many interpretatitmsrefore dolond could
represent a more accurate technical term.

1 SSM uses a specific kind of lom, that is human activity system. This is a set of

activities which construct a purposeful whole.

1 In SSM it is necessary to create several competing models of human activity

systemsand,by doing so, learn their relevance to real life.
(Checkland & Scholes 1990, cited4exian & Xuhui 2010
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Taking action

Comparing models
with perceptions

Finding out situation
about a
problem

situation

in the problem
situation

The real world:
events unfolding
through time

Systems thinking
about the real
world

~
Conceptual models
of the human
Re'lev:mt m:man activity systems
Qeiivity -Sysiems named in the

named in root
t 1
definitions using root definitions

the CATWOE
elements
CATWOE:
C (‘customers’) Who would be victims or beneficiaries of this system were it 1o exist?
A (‘actors’) Who would carry out the activities of this system?
T (‘transformation process’) What input is transformed into what output by this system?
W (‘Weltanschauung’) What image of the world makes this system meaningful?
O (owner’) Who could abolish this system?

E (‘environmental constraints’)  What external constraints does this system take as given?
Figure 3.3 The nature of soft systems methodology by ChecKldmslfigure also
includes the elements of CATW(Q@Eheckland 1985)

The nature of SSM is seen imgdre 33 above. It is a cyclic model, which starts
from finding out about a problem and carrying on organi@gstemsThinking of the
real world situation. Some human activisystems are carefully named nr o ot
def i niti @meskiand((IDRDs purpose is to explicitly name a number of
features of the relevant systems usi@@TWOE elements which function as a
checklist to include all the relevant human activity elements in the thinking process
Mnemonic CATWOE comes from words, customers, actors, transformation process,
weltanschauung (worldview), owner and environmental consraifigure 3.3 shows
also specified questions pertaining to each of the elem@ntweptual models of the
systems are structured. They are models of focused activity considered pertinent for
analysing the problem situation. A dgb about the situation isuilt by comparing
models with insights of the real world situatidie am of thedebate is to find possible
changes that follow two principlesystematically wantedand culturally reasonable in
the situation. After this the cycle begins ag&®heckland 198%

It can be said that SSM cyclic model resembles other cyclic learning models such as
Kol bds | e @&olmlodd)gSo,avgatis tlee contribution to the systems practice?
Checkland (1985) states that the most signifi¢actorin shifting from HST to SST is
from thinking in terms of models of the world thinking in models relevant to arguing
about the world. Furthermgras Checkland highlights SST is somewhat an extension
of HST to better manage the human activity systems.
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In thisthesisChec k|l and&6s iSystenresThmking is ased as a staating
point. As the cases of produtite-cycle disposition model can be problematically
complex and deal strongly with human activity systems, SSM becomes relevant.

3.1.2. Distinctive Systems Thinking Skills

Contrary to Checklan@ sapproach Richmond (1993) state there are seven
distinctive Systems Thinking skills. See figure 3.4 These skills include dynamic
Systems Thinking, closedloop thinking, generic thinking, structural thinking,
operational thinking, continuum thinking, and scientifisinking. This kind of

distinction is especially good for teaching purposes, when in practise many of these
skills work simultaneously.

Dynamic
Thinking

Closed-loop
Thinking

Other
Critical Thinking
Skills

Generic
Thinking

Structural
Thinking

Operational
Thinking

Continuum
Thinking

Figure 3.4. Critical thinking skills inSystemsThinking (Richmond 1993)

To describe these distinctions in more detiails naturalto start fom dynamics
thinking. This type oSystemsThinking, from a skill point of viewis the ability to see
and conclude behaviour patterns of phenomena. Dynamic patterns of behaviour are
often seen as a part ofosedloop processes and are subject to change time.An
example of thigs a carrot harvesting pipelime figure 3.5 (Richmond 1993
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] Carrot :

harvesting : _
i pipeline ; Ma_turqt\on Mature
N . pipeline carrots

s

Enter mature
stock

Sow the seeds Harvesting

Figure 3.5 Carrot maturation pipelinedynamic structure (altered fromRichmond
1993)

Closedloop thinking goes hand in hamdth dynamicSystemsThinkingand moves
it forward. It is the ability to see systems as interdependent proc&bsseexample in
figure 3.5can be interpreted @ example of a closddop system, but the emphasis is
on the loops themselves i.e. circular cause and effect relation3tescore o this
thinking is identifying that the loops can be causes of the behaviour in the patterns
rather thanother external forces. Insteathe external sources can be effected by the
circular cause and effect patte(Richmond 1993

Generic thinkingapproacks a target froma general,holistic pointof view, rather
than concentitang on specifics. Richmond uses #aeample of Gorbachev, the leader of
former Soviet Union in 1980s. Ithinking specifically, it can be construed that
Gorbachev was responsible for bringing freedom to thentcy. Butfrom a general
perspective itan be claimed that external global circumstast@ged for freedom and
Gorbachev was only a one small instrument in the pu@iehmond 1993

Structural thinking isaccording to Richmondhe most disciplined of th8ystems
Thinking approachedror this thinking units of measure and dimensi are important
andthe focus isspecificallyin the distinctionand followup of stock and flow. Figure
3.6 represents an example of this system. In this figinere argwo distinctive flows
marked structurally in correct mann@&his kind of diveion emphasizgthe importance
of being able to measure physical quantities sudh@amount of liquid in lites and
the number of bottles apiece. In proportiandynamic causdbop diagram mighnot
be applicable in statural thinking, because dynamic thinking does not follow the
principles of structural thinkingRichmond 1993
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é Bottle filling : Liquid in Vat
é pipeline : Refill Liquid Liquid in bottles
e ) -
Liquid per bottle
\\__4'
Empty bottles E ; Bottles being E ; Inventory of
New empties Bottleson  ed Filled bottles 1o Pottles

conveyor

Figure 3.6. Structural diagram of liquid and fillable bottlgglteredfrom Richmond
1993)

The next skill is operational thinking, which goes hand amch with structural
thinking. It has the same principles as structural thinking, but additionallyefeaurs
thinking in terms of how things really workather than mapping the theoretical
function. The operational thinking skill is identifying a realigtimcess of a system.
From an operational point of view this kind of process enaldescentrationon the
factors that are the real levers of the procg&ishmond 1993

The next type ofSystemsThinking is continuum thinkingbased ora continuous
modelling approach. Richmond statthat continuum thinking is closely related to
generic thinking. This is because both emphasize the ability to see connections and
interrelationships instead of sharp boundaries and disconnec#@nsan example
Richmond uses water consumption processa ldiscrete model this could be the
following: Water consumption is normal when available water level is above zero, if not
it is zero. The continuous version of this same case would follow an operational
specification, that is, water consumption = popala X Water per person. Water per
person in this case is a continuous flow of available wggechmond 1993

Finally, Richmond(1993) identifies scientific Systems Thinking. This form of
Systems Thinking emphasizes quantificatiowhich in this case means that ron
measurable factey such as selfonfidencethatcan be quarfied for exanple scaling it
from 0-100. Zero would indicate zero setbnfidence anda hundred the maximum
possible amount. From this kind of scaling more rigorous analysis can be made.
Additionally, scientific thinkingrequiresprecision in testing hypothesds. scientific
thinking it is the ability to modify only one thing at a time and hold all else unchanged.
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3.2. Design Science

Design Science (DS), according tagcalifubka
related knowledge, which should contain and organise the complete knowledge about
and for designingo. The four ar e/abS of k

originates primarily from the Germapeaking world. The original field of applicai

was machine design resulting in engineering works and mechanical design playing a
significant role in the early phases DesignSci enced6s devel opment
recent times, systematics and methodologies developed under the design science are
used nore broadly among product design and developnieehtonen 200j

| PRACTICE KNOWLEDGE |

Design Design
knowledge process
about objects knowledge

OBIJECT
KNOWLEDGE

PROCESS
KNOWLEDGE

Theory Theory
of Technical of Design
Systems Processes

| THEORIES |

Figure 3.7. Main areas of knowledge and categories in Design Sci@itsed from
Hubka & Eder 1996)

According to the knowledge of the IPPD research group, Design Science originates
from the researchf Vladimir Hubka & Ernst Eder. Mogens Myrup Aredrsen followed
Hubka with his Theory of Domaingnd Ol es end s Di s purceedeédi o n
Andreasenobs wor k i n the area of di sposi
follows the early Design Science of Hubkdth additionalinfluence from Nam Pao
S u hréssarch on Axiomatic Design.

The following sectionintroduces six influential theory basesf design science.
TheseareTheory of Technical Systemgheory of Design Procestheory of Domains
Product Structuring, Theory of Dispositions and PropBrtiyen Development

3.2.1. Theory of Technical Systems

Theory of Technical $tems(TTS) wasintroducedby Vladimir Hubkaand Ernst Eder
Theaimof TTSis to present a comprehensive thecayableof explairing theintrinsic
nature of any technical systeifhe theory is based antransformatiorsystem, seen in
figure 3.8. Hubka & Eder state that a technical systemtiie process of achieving a
desired outcome through a series of intermediate statelska & Eder 1983
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Figure 3.8. Transformation system of the Theory of Technical Systdoiska & Eder
1988)

According to Hubka & Ederas a starting pointhe theory requires needs and
demands. Thismakes thesssumptia that ay technical systerexiststo fulfil a need.In
the figurebelow & O'drepresents theriginal statew h e r e & & thé fdl, desired
statefounded on the need’he operation is called technical process (TPJhe other
elements which cause theansformationare effects (¢ E)fand include the sum of
technical system&TS), thesum of human systeméHu) and the active environment
(AEnv). Theflows between these three systems are material, energy and information.
(Hubka & Eder 1983

Hubka & Eder (1988) identify the three most influential advantage$ this
approach

1 It enablestransferof technical experiencbetween different areas of technical

systems.

1 It enablesvorking methodgo developfor engineers independent diet product

type whichcan be transferreloetween different fields of industries
1 It enablegproblemsto be seemspart of thewhole by thencorporatingSystems
Thinking.

The theory of technical systems works multiple levels of abstraction. Hubka &
Eder state there is always a causal relationship between the aims and the means that
empowerthem. This approach can be shoas an aimsneans tree -graphin figure
3.9. It shows how the main functipff, of the technical sysin is divided into sub
functions. (Hubka & Eder 1988 As the tree goes orthe technical sysim transfers
from the product 6s o v éendhaslbleelementyseéLehtonent o t
2007)
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Stages "A". In order to achieve its total effects (as aims), every TS needs
a sequence of certain partial effects (as means);
Stages "B": Each effect can be achieved with the aid of various TS.

Figure 3.9. Aimsmeanstree-graph (Hubka & Eder 1988)

The relevance to this thesis comes from the fact that transformation is done by the
design process. The aimseans tree with all its levels can be seen as different phases
of design(Lehtonen 2007)Also the levels camepresent the influence of different
people involved in the whole production processom abstraction to detailing.
Furthermoreas Olesen describethe Theory of TechnicalSystem enables the linking
of design characteristics between the phases of @mweint and production system
(Olesen 1992)

3.2.2. Theory of Design Process

The natural successor tdhe Theory of Technical Systems is the theory dDesign
Process, which is basexh a similar philosophy tthe TTS(Juuti 2008) Design Process

is all about designing a transformation process, which inslusigners, working
methods, design information, design management, active environment and operands.
Operands ateas in TTS, original stasethat consistof needs, requirements and
constraints of the technical systefihe final state is a full informatrodescriptionfor
possible manufactur@ubka & Eder 1988
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Figure 3.10. The Systematical Design Process VDI 2221 stan@ardte et al. 1998

Currently there exist several different design processesaliav the same idea as
Hubka & Eder 6 sanddevalop gradusPfroro abstraction leveb detail
solutions. Systematic design processes have taken the theory of Design Praceéss
includedmore detail. Systematic design processes have been devedbpsd all for
general education purposes. Popular design processds as Verein der Deutschen
Ingenieurs VDI 2221(figure 3.10) and Konstruktionslehre by Gerhard Pahl and
Wolfgang Beitz represent typical approaches that have been developed based on the
experiences of their developers in practical design wadhtonen 2003J

3.2.3. Theory of Domains

The Theory of Domainsdefined by Mogens Myrup Andreases a synthesisetheory

of product development ont i nui ng Hu btk achieke abaeepradtisal T T S
approach(Lehtonen 2007)In the theorythe product synthesis is divided into four
domains process system, effect system, organ system and part syBtenmdomains
represent differenfunctional areas in a company involvad product development

Figure 311 shows how the design process evolves from abgiretct actuality asmore

detail is presentedvithin each domain and frorane domain to anotherfAndreasen

1980.)
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Figure 3.11. Theory of domains, the progression from abstract level into more
concrete, and more detail in each domain, and from domain to an(Qmelreasen
1980)

Domains can be seen as different phasélsexfesign processeading abstract ideas
of a transformation process into detailed part design. Process system is the
transformation processccurring when usinga product. Here, the transformations
should reflect the needs and demands of a product. Function system represents the
effects required to realise the desired transformati@asdreasen et al. 199¢ited in
Juuti 2008) The organ systerbehaves as a function carrier, structuring the functions
into distinct areagseeJuuti 2008) Part system is the most concrete domain level, where
the parts of a product are realig@shdreasen et al. 199¢ited in Juuti 2008

According to Lehtonen (200,7§lomain theory provides the basis for dispositional
mechanics. Olesen addsh a t a productds properties
consisting of all four domains. This enables us to represent each of the domains by a
series of design characteristics. Furtherm@Qiesensuggestsa production system can
be identifiedashavingsimilar set of levels as the theory of domdfdlesen 1992 For
this thesis the Theory of Dmains providesa precedent forthe depiction of
interrelationships throughodesign and production systems.

3.2.4. Product Structuring

c

The Product Structuring approach comprehensivelgontinuesf r om Andr eas

Domain Theory. This chager providesa shortoverview

Product structureis the description ofthe interrelationshipsbetween product
elementsin a system modeio create structurdyased oma chosen point of viewA
system model consists§ elements and their relationships.
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As presented in figure 1Andreaseret al. (1996)3escribes four different point of
views from which to realise product structuringcluding: Generic, functioal, life-
cycle-oriented and product assortment

Product architecture is often confuseith product structur@and in some casegshe
term is used as interchangeafifuhtala & Pulkkinen 2009)Product architecture plays
a key role in product structuesnd can be seen as the description of product assortment,
one of the viewpoints of product structuri@guti 2008)

The sigificance of product structung to this thesiscomesfrom the statement that
behaviour and function of a product depend on its strugfunereasen teal. 1996)
Another importantaspect for this thesis is the connection of product structure to
pr od lifedydes

3.2.5. Theory of Dispositions

Olesen(1992) introduces Theory of Dispositions, which is originally designed to help
concurrent development, especially between product development and production
development. In his research, Olesen ran into a problem whereby the product
development theoriespethodologies or tools of that time did not take other functional
areas into consideration other than those specifically being focussed on. Other
functional areas were often only taken into account during the formulation of tasks and
targets. (Olesen 1992) By functional area, Olesen (1992) means the part of the
organisation that is responsible for activities in a particular area of production.

A typical example of this probte is the VDI 2221 norm, which is a common
product design and development methodology. It specifies a general procedure for the
development of products, from defining the tasks to the final product documentation.
This procedure takes all the other functioaeeas as given and only considers them
when the tasks and specifications are named in the product development process. So the
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resulting idea is that a particular decision in product development obliges us to accept a
particular choice in production systeln VDI 2221, it is up to the product developer in
the specific situation to evaluate the extent to which the production system ought or
must be taken into consideration during product development. Other common
frameworks of methodologies also ignore sagne problem of concurrent development
(Olesen 1992

Olesen (1992) states that the concurrent developroesimultaneous engineering
is the new paradigm, a direction to where companies should be aiming. Foremann
(1989) defines this simultaneous engineg as the integrated concurrent design of
products and their associated manufacturing processes (see Olesen 1992). Furthermore
Integrated Product Development is a framework found by Andreasen & Hein (1987),
which also contributes to the same schemenggrating sales, product design and
production systems into one coherent system (see figLidd8low).

% INTEGRATED PRODUCT DEVELOPMENT

) 7

| DO User inve- et Repaation | cales
=1 need = shqamon = gation = for sales =

| Deterwiiing = foduet = Reliminary [ Maditiaation|= Froduct

= the Eipc of E gnmplc roduct = tor oduct | -
= pde t esign = desgn = wanufacture OaAp*a*wn =
={ Consideration [= Determining [=] Determining = Reparation [ =
- of process type. of " E : qchong Sk froduction =

3 type = |o:iodu~cho'q | principles = production |

0 1 a 3 Y 5
W‘“ﬁ’““"" Tnvestigaton  Product Product froduction  Execution
of veed of n (inciple design prepaation hase
phase phase hase phase phase P

Figure 3.13. Integrated product developmeg@tndreasen & Hein 1987)

Olesenclaims there is a need for tools which can deal with this parallelism,
concurrently taking into account other processes along with the traditional product
development proceshis is based on the situation #1990s where available tools
addressed only very specific aseof integration effects between product development
and production procesfOlesen 1992 A number of tools and method®w exist to
manage thisprocess in particular marix-based computer software wherebthe
dependencies of different elements in the concurrent development process are analysed.
Quality Function Deployment (QFD) is one example of the methodere the
integration of product and productitechniques halseen successful.

To this need of concurrent development tddlesen (1992) provides a Theory of
Dispositions, which is a conceptual apparatus to depict relationships/effects between
elements or tasks from different functional areas. This is based bygbthesis that it
is possible to explicitly describe the parameter relationships and the effects which they
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enable control over. Oden (1992) claims that this isiore holistic approach in
depicting parameter relationships in product and production systerspositions are
decisions taken within one functional area which affects the type, content, efficiency or
progress of activities within other functional arg@desen 1992)In figure 314, a
generic model of dispositions is shown, where two activities, A and B, from different
functional areas affect each other. The decision consists of two parts; data, and
disposition. The data part is a description of the task, whéneadispositional part is

the description of change in the activity caused by a decision in other activity.
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Figure 3.14. Generic model of dispositiori®lesen 1992)

According to Olesen (1992), dispositions are not just seen in terms of two activities,
but in sequence phenomena in production. Frick (1991) defines this kind of activity
chains as fa continuous chain of actiwvit]
compay 0 (see Ol esen 1992). Thereby, a gene
the activities in such a chain. A complete picture of the design dispositions related to
product and production are obtained by combining all the design activities with all the
activities involved in the development and operation of the production system.

The true value of dispositions is derived from conscious decisions. Since the
disposition carries a set of parameters from one functional area to another, the data part
in an a&tivity, as defined earlier, forms the input for other activities. In this case, the true
parameter relationships can reflect the intended process. So with this kind of system, the
effects of the decisions can be compared to the desired outcomes. ihedl down to
conscious decisionsa developer must take into account other dispositions in other
functional areas rather than only the one the developer might be specifically interested
in. Furthermore, managing dispositions does not necessarily meanttryanoid or
decrease them, but attempting to control them in order to meet the overall targets.
Consciousness comes from the fact that dispositions are subject to natural laws. They
appear whether one is aware of them or (@esen 1992
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For this thesis the most significant pa
tot al devel opment model. The total devel
into considerabn so dispositions can be seen beyond just the product development and
producti onds (desen t99J Otesen dividespredutfe-cycleinto
different stages, as illustrated in figuré3.
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Figure 3.15. Product lifecycle according t®lesen(1992).

It is thus possible to define parameter relationships from development of product
through production oriented systems until the veryerdid pr oduct 6s | i f e
addition, Olesen (1992) provides a score model for the product development and for
product life cycle. This model shows the large number of areas in which dispositions
will have effects in a development situati@esen 1992)

In the life cycle model, dispositions are measured in terms of their effects on
universal virtues during product development. Universal virtues are general, measurable
guantities which can be traced during different life cycle phases. The virtues are the
following:

1 Costs
Throughput time
Quiality
Efficiency
Flexibility
Risk
1 Environment

(Olesen 992)
Other parameters can also be measured, but Olesen (1992) uses these universal

virtues to reflect the dispositional behaviour of activities. In a typical situation, attention
will be focused on few of these virtues. In this kind of product lifeegyailsposition
modelling aims to estimate the results of decisions at an early stage of product
development(Olesen 1992

= =4 =4 4 =
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application of how to use dispositional thinking in prac{see figure 3.8). According
to Olesen (1992) the dispositional mechanism consists of:
1 Two development activities from different functional areas, where otieeof

following are to be determined: concept, structure or details
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Data connection and dispositional connection between activities
Objectives for both activities
Rules for how the decisions can achieve the objectives
Possible choices of design charactersst
Calculation of the dispositional effects of particular design choices
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With the dispositional mechanism as a basic pattern, it is possibtepact real
cases of dispositional effects in detail. Thus, it is possiblesolatespecific design
characteristicghat are the source falispositional effectsHowever, at this point it is
I mportant t
consistent with the artefact characteristics presented and used later in this thesis.
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3.2.6. Property-Driven Development

Characteristic®roperties Modelling / Properriven Development (CPM/PDD)
was founded by Christian Weber in the 19
product modelling, and PDD, which explains process phenomena in product design &
developmen{Weber 2012)

CPM/PDD is based on a division between product characteristics and properties;
two different concepts for describing products and their behavidteber 2012)
Similar product distinctionbetween characteristics and properties have been used in
Design Theory and Methodology for a long time, but with different terminology. For
example,Hubka & Eder(1996) define internal properti e
product characteristics, whi |l st moducter nal

properties. In figure 3ZLi s represented more detail de
internal and external properties.
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Figure 3.17. Description of internal and external product properti@dubka & Eder
1996)

Also, more research can be found dealing with the same subject. Other terms used
for characteristics and properties includeigieparameters and functional parameters
(Suh 1990) and ndependent and dependent proper(igskhofer & Waldele 200%
However, Andreasen (1980) uses the terms characteristics and properties, but with
directly opposite meanings (see Weber 2012).

Characteristics are made up of a structure, shape, dimensions, materials and surfaces
of a product. Engineers and designers involved in product development can influence or
determine characteristics of a prodtteber 2012



3. THEORETICAL BACK&ROUND 31

Conversely, properties define the prod
safety and reliability. Properties al so
testability, costs and environmental friendliness. Howegweperties cannot be directly
influenced by developers or designers. The influence only occurs indirectly through
product characteristicfWeber 2012

CPM studiesthe relationkips between chacteristicsand progrties(Weber 2012)

In CPM a third group of pamaetersis introducedwhich is called external conditions
(EC) (Weber 2012)EC describgthe current or supposed envirneantsystem around
propertes and characteristiésthose factors beyond the influence of gveductitself
(Weber 2007 cited in Weber 2012 Weberdescribes exapies of EC, such awad
conditions for the property strength, user profiles for usability andcyiéée
infrastructu e for Aenvi r ornForther t exdmples merngieanedt are .
maintenance infrastructures for service and repair propeatielscultural influences on
aesthetic propertie-system is yet another term that is used to describe EC. In this
context, Desigrior X (DFX), gains a more specific definitiolVeber 2012

PDD sees product design and development as a process indesigrgicyclesof

thefollowing phases (figure 38):
1. SynthesigR™)
2. Analysis(R))
3. Determining individual deviations
4. Overall evaluation

} EC, (Ext. Condit)
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Figure 3.18. Product development process through PQeber 2012)

The first step, synthesis, starts from required propertieg éPid moves toward the
estimated characteristics tfe future solution. In practice, this can mean starting to
work from existing, previous designs or, at the very least, using some known solutions
from properties (ff. The next step, analysis, sees the properties that were used in the
previous step analgs along with all other relevant properties. The third step is
determining individual deviations. This means that results of the analysis are compared
with the required properties. As an outcome, deviatigi) @re identified, describing
the shortcomingsf the current design. Finally, an overall evaluation is conducted and
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the main problems are extracted, as well as determinations on how to proceed further. In
practice, this means choosing the properties to be addressed in the next synthesis
analysisevduation cycle. Figure 38 also depicts the external conditions (ECFor

the phases synthesis and analysigd€ considered constrain{8Veber 2019

When proceeding from one cycle to the neloth the characteristics and the
properties side of the product are expanded. For the synthesis step this means more and
more established characteristics going into more detailed solutions. The analysis step
more accurately predicts the behaviour of adpct as the cycles continu@Veber
2012)

In this thesis CPM/PDD theory builds a base for tteoncept of a product
dispostion model howeverthe name artefact is used instead of a product later in the
thesis to overcome possible confusion. The concept applies the notion that every
product has characteristics and properties, and the design process has a direct impact on
t he pr odu cstics and mdiractlyaon preperiies. Furthermore, the concept for
the model follows the reasoning of PDD, whereby design process is seen as a cycle of
synthesisanalysisevaluation.

3.3.  Summary of the Theory Basis

This thesis has representedvenmajor theoy basesincluding Systems Thinking@nd
Design Sciencewhich is furtherdivided into Theory of Technical Systems, Design
Process TheoryTheory of DomainsProduct StructuringTheory of Disposition, and
PropertyDriven DevelopmentThe interrelationshipdetween each of the theories are
depicted in figure 39 The figurealsoillustrates themin hierarchical ordewith their
relevant elementsmphasized.

Systems thinking is seen as the blanket for the whole theory base, providing the
mind-set for modeling systems and defining the possibility for interconnections
between system elements. Following this, are the different theories from Design
Science. The Theory of Technical Systems is where DS began, thus all the successors
are based on it. In this cagbe key learning from TTS is the transformation process,
which always starts with requirements and ends at the final, desired state. And so, the
complementary theories of Design Process and the Domain Theory are derived. They
provide a framework, in whicRroduct Development is seen as a process starting with
an abstract idea and, through activities such as planning and development is transformed
to more detail until a product is realised.
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Figure 3.19. Hierarchical order of the theory basis1 hdditionthe relevant definitions
and characteristics of each theory are summarised.

PDD is themind-set wherdy a productcan be influenced througbhanges to
artefact characteristics and these turn are able to effecartefact propertiesThe
design preessin PDD workscyclically. Existing artefact properties are cpared to
desired properties and possible changes are directed back to changing the characteristics
onceagain.Product structuring supportise PDD-design procesthroughits assumption
that praluct properties are caused by product structure.

Finally, Disposition Theory defines the existence of dispositions in prodifet
cycleprocesses, caused lyanges irc 0 mp aattivifies.

In the thesisSSM is chosen as the framewofar model developmenbecause it
recognsesa constant learning cycle of system understanding, whesenot presumed
one problenhas onlyone solution.

One cofflict was recognised during the literature review process and further
sketching the early version forelexplaining modelThe PDD and disposition theory
does not fully complement each othas the PDD is an artefact characteristics based
approachwhereaghe DispositionTheory concentrates on activity.

In this case the DOsposition Theory by Olesen is nadirectly applicable for the
explaining modelMore reference to an artefaebrientatedapproachmust besourcel
from the state of the art
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4. STATE TOEART

In this chapter the state of the art is presentedncludes four distinctive areas
including product life-cycle modelling, complexity management approachdé®w
modelling and product configuratiand modularity. The firsthreeareashavea great
influence onconcept development fahe explanatorymodel whilst the final areais
relevant to the case study. A summary of the most relevant observations and highlights
is included at the end of this chapter

4.1. Product life-cycle modelling

As presentedn Design Science, several product design processiss These design
processestructureproductdesignand developmenhtto identifiable phaseand inform
thelargerproductlife-cycle process.

Product life-cycle modelling is adecision making suppodpproachfor the early
phases oproduct design and developmelitis anapproachfor collaborative design
and interdisciplinaryapproaches because its ability highlight interrelationships
betweena product and its wholdéfe-cycle. The broader concept is presensttbrily,
includingapproaches for produlite-cycle orientaion andmodelling information

At this point it mustbe emphasised that this thesis does not cover the Product Life
cycle Management (PLM) environmenwhich is a extension ofProduct Data
Management applicationCommercial PLM is used to manage all data and work
completed n a pr oj ect rléelcycle and ustakly becompealsetin ct 6 s
software (Gopsill et al. 2011) Pakkanen et al. (2012) statéhese commercially
available information technology applications offer fixed data structures for storing and
managing information and mainly address handling the general information of
engineering bill oimaterials ad product development versioasd hus, do not address
the expedience of the product elememisrelation to their life-cycle requirements.
ThereforePLM does not provide solutions for this study aaethis point

4.1.1. Approaches for product life-cycle orientation

Systematic design processes such as VDI
are good examples o¥fell-known structuredproduct planningnodels however these
models have traditionally takgeroductlife-cycle perspectives lightlfHepperle et al.
2011) Instead,for numerous reasonéfe-cycle-orientedapproaches have agis Of
particularinterestis modelling the environmental impacts of produlite-cycle Some
recenttrends have forcegdroduct designers and developtrsconsieér amore holistic
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product life-cycle including a shift towards Product évice Systems (PSS), the
increasing importance of Corporate Social Responsibility (CSR) and tightening
environmental legislatio(Gopsill et al. 2011)

Generally,productlife-cycle is a series of phases through which aduct passes
during its life span, howevethere exist many different approacHes distinguishing
these different stagedepending on the product tygetypical prodict might havdife-
cycle stagessimilar to thosellustrated in figurel.4, wherethelife-cycleis divided into
Beginning of Life (BOL), Middle of Life (MOL) andEnd of Life (EOL). Each phase
consiss of more atailed sukactivities (Dimitris Kiritsis et al. 2003cited in Shin et al.
2010)

Notable in Kiritsis et al(2003) approach is the integration of customer requirements
and productlife-cycle requirements into theroduct life-cycle system. Cusbmer
requirements are seen as a feeder input to the sy$teatife-cycle requirements are
both seen as an input to the system and a result difdbeycle process(D. Kiritsis et
al. 2003 cited in Shin et al. 20}0

Another suggested divien of productlife-cycle is providedin Olese® $1992)
Disposition theoryseefigure 3.15). In this approach there is @masis orthe different
functional areas of a company to which greductlife-cycleis divided.

Although the divsions include the wholdife-cycle of the productand the aimn
life-cycle modellingis to gain transparent look holisticallyy most cases thide-cycle
orientation meangocusing onlyon severallife-cycle requirements. Inthis instance
DFX becomes relevant @e again. As an examplé&hin et al (2010 provided a
colledion of design requirements for the three differdifeé-cycle phasegfigure 41)
BOL, MOL and EOL

Product lifecycle phase Examples of lifecycle requirements
BOL Design Design requirements related to the technical restrictions in production
Production Design requirements for case of assembly

Design requirements for ease of disassembly
Design requirements for environmental consciousness
Design requirements for reliability
Design requirements for health and safety

MOL  Usage Design requirements related to normal usage conditions
Design requirements related to usage environment

Maintenance Design requirements related to warranty conditions

Design requirements related to warmanty period
Design requirements for casc of maintenance

EOL EOL product recovery Design requirements related to product deregistration process
Design requirements for product reuse
Design requirements for product recycle
Design requirements related to environmental restrictions
Design requirements for ease of disassembly

Design requirements related to take-back policy

Figure 4.1. DFX requirements divided into éfent product lifecycle phaseéShin et
al. 2010)
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Depending on internal and external requiremeatompany concentrates on a
specific DFX, prioritizing the order of actiernn life-cycle requirementsaccordingly
(Shin et al. 2010)The fundamental mindset Irie-cycle orientation is that thproduct
characteristics affeetll of the productife-cycleactivitiesas in figure 1.4 can be seen.

4.1.2. Approaches for product life-cycle information modelling

Many different waysexist to model and analyse produlife-cycle elements.The
following is a short summary of typical approachsed inlife-cycle modelling

Quiality Function Deployment (QFD) has beemidely acceptednethod to support
effective product conceptual desigand consideration ofproduct life-cycle
requirementgShin et al. 2010; Timo Lehtonen et al. 2012; Hepperle et al. 2QHD)
is a matrixbased method traditionally used in analysing the relationships between
customer requirements and product characiekss during the prod
design.Another well-known approach House of @ality (HOQ),is a modification of
the QFDmodel using a graphically housike correlationtechnique Currently;, several
different modifications of the original QFEnodel «ist, such as Green QFD arhdife-
cycle Design (LCD), which each emphasizespecific product life-cycle factors.
However QFD and its derivatives argtrictly limited to quantitative correlationand in
many casesre considered too simple for more complex prodifet-cycle analysis.
(Shin et al. 2010

4.1.3. Examples for product life-cycle modelling

Oleserd §1992)approach to depiiectg productlife-cycle effects and dispositions is a
score model that reflects decisions made in the product developtbatwerall
productlife-cycle The score model isased on the seven ties ofcosts, throughput
time, quality, efficiency, flexibility, risk and environmefsee figure £). In the figure

the produds structure is changed to improve transportability. Thange then affects
the scores gained in the seven virtddse score model is one proposal of how to guide
the early state of product development process.
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Figure 4.2. Life-cycle score model according to Oleg@iesen 1992, p.60)

Hepperle et al. (2011gresents dife-cycle-orientedapproach that caalsobe used
to support the early phases of an innovation process. The approach identifies and
analyses goal interrelations against future demands and potentilifierentlife-cycle
phases of a producthis is illustrated in figure 8. The approach staron the right side
of the figure withdemandswhich aretransformed into goalsandthensimplified into
core functions.Alternative solutions for the functions atben sought before a
comparison between parameter ranges of solutisnsdertaken. Fuliermore the
relationships between the different elements belonging to diffeferttycle phases can
be analysedHepperle et al. 2011
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Figure 4.3. Life-cycleoriented approach for product plannirfglepperle et al. 2011)

A graphical modelmakes it easier to identifyconflicting goals andunexpected
interrelationships(dispositions)betweendesign characteristics in differefife-cycle
phases.This suppor decision making in the early stages of product development.

(Hepperle et al. 2011

Shin et al.(2010) usesan extended version ¢fouse ofQuality (HOQ) to collect
and depict relationships beten engineeringharacteristicscustomer requirements and
productlife-cyclerequirementgsee figure 41).

Correlations
among
engineering characteristics

Engineering characteristics

ICustomer rcquircmcn[s

Importance rates of
customer requirements

Relationships
between
customer requirements
and
engineering characteristics

Product lifecycle
requirements

Importance rates of

product lifecycle

requirements

Relationships
between
product lifecycle requirements
and
engineering characteristics

‘ Importance rates of engineering characteristics

l Investment cost of engineering characteristics ‘

Required resource capacity
for engineering characteristics improvement

Upper bound of investment cost
of engineering characteristics

Figure 4.4. An extended HOG@r life-cycle modellingShin et al

. 2010, p.869)
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In the abovemodel| correlations among engineering charactestien to identify
compatibility between diffemt engineering characteristicf?roduct life-cycle
requirements are gathered from strategically import#etcycle activities. The
extendedsectionof HOQi nc |l udes o f inpdrtencefrates bf @vginaering 6
characteristiag Gnvestment cost ofengineering characteristizs@equired resource
capacity for engineering characteristics improvemant dupper bound of investment
cost of engineering characteristicshis helps product designers choose the right design
characteristics for the rightistomer andife-cyclerequirements(Shin et al. 2010

The IPPD research group BUT hasundertakemreliminary work in produclife-
cycle modelling incorporatingOl esends di s p.oGne ofithe pejectst hi r
undertakenwas done withthe co-operationof a Finnish boat manufactureAs an
outcome an early phase concept analysing tool was developed.

A starting point for the tool development w@d e s Bispd@sisionTheory,Design
Science and theories of product properties and characteristics. Based on those theories
the tool workson the assumption that a design with a specific property will cause a
particularbehaviour when meetingn environment with a known propertq simple
example when acar thathas tires developed for summer conditions meets winter
conditions, garticularbehaviours evidentcausedy the natural laws. The hypothesis
in this case is thatin general,expected behaviour can be formed based on earlier
empirical findings, deduction from axioms,@s in the exampleon natural laws.
(Lehtonen et al. @.2)
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Figure 4.5. Layout of theproduct concept analysing to@llehtonen et al. 2012)

The tool itself is a matrix baseddol that depicts the behaviour of the concept
reflecting it toabusiness environment. The layout o ool ca be seen in figure 3.
The analysis process is divided i@ following four steps:

1. Clarification of the properties of the concept

2. Clarification of the properties of the life cycle and business environment

3. Evaluation of the consistency of the concept
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4. Evaluation of the suitability of the concept for the life cycle and business
environment.
(Lehtonen et al. 201p

The properties of the concept in the boat industry case were divided into four main
groups- materials, manufacturing methods, fastenimgthods and physical properties
(Lehtonen et al. 2012)

The properties of the life cycle and business environment represent value chains,
and processes and services. Preliminary wealk undertakerbefore these properties
could be identified. (Lehtonen et al. 201p For this purpose Company Strategic
Landscape (CSL) model was used, which has been developed by the researah team
TUT. CSL-model collects important elementelating to product development
operations and to the production of a ¢
operations and oemisational elements. Figureg4dhows the division of elements in the
model.(Lehtonen 200j

PRODUCT STRUCTURING
- Product Structuring Knowledge

Y 1 Y 2D
VALUECHAINA }§ W ALY New product development process
VALUE CHAIN C
VALUE CHAIN B > > > > > >

Sales- Delivery process

OPERATIONAL STRUCTURING

STRATEGYSTRUCTURING —— — F—\
A =) Oy ’ \,
ooy (s R BN
- @ \_|  Compatible
- operative
Collaboration interfaces

>~ ORGANISATION STRUCTURING

Figure 4.6. Elements of the CSL modekhtonen 2007)

|l||l

Value chain tactics 3 Business model ficu-opgration &

STRATECIC BUSINESS OBJECTIVES

As an outcomgthe CSL model describes the key issues fanctiring of a product
thus providing a framework to optimally develop product structure in relation to
company o6 @ehpnenat &. 2EL2)-or this particulaexample CSL was used to
structure the main elementstbt orderdelivery process of boat manufacturing.

After collecting the properties of the life cycle and business environment with the
help of CSL, the evaluation process can be started. In the evaluation the consistency of
the concept and the suitability dfet concept for the business environment are analysed
by marking dependencies into a matrix. In the evaluatienfocus ion understanihg
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the connection betwegoroduct structure and the delivery process and supgdtte
early concept development @ product(Lehtonen et al. 2012)

4.2. Complexity management approaches

Complexity management is a broad framework widely used in contr@lvagiety ofa
compatyds business activitief.indemann et al. 2009Y.his researclviews complexity
managenent fromthe product and production developmeetrspective

From a product point of view, Weber (2005) divides complexity into five different
dimensions numerical, relational, variational, disciplinary and organisational (figure
4.7). These five dimensions are grouped into product/system level and process level.

Strategic components  Dimensions of complexity

Product/system Numerical =
complexity complexity %
==
N Relational 9
Product/system complexity g
variants . o
|  Variational e
complexity a

Development
time > Disciplinary »
complexity g
o
O izati | £
Work distribution N Organizationa a

L complexity
& organization

Figure 4.7. Five dimensions of complexiiyweber 2005)

Numerical complexity relates to the number of components in a system, wheereas r
lational complexity concentrates dmetdependencies between components. Variational
complexity explains the amount of variants of a system, disciplinary complexity relates
to the number of disciplines involved and finalblyganisational complexity links to the
allocation of work. (Weber 2@0)

There are different established strategieasidered effectiven complexity ma-
agementincluding

1 acquisition and evaluation

i avoidance and reduction

1 management and control

Complexity and complexity management is relevarthis thesis given theomplex
nature of product structures and the nature of multidisciplinary developmentrenviro
ment throughout different functional areas of a company. However, this thdgis
draws oncomplexity management tools as they enable the acquisition, depictadun, e
ation and management of dependencies within systems.
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This chaptempresents two of the most common approaches to exduegecom-
plexity management strategiegraph approaches amdatrix-based approaches, which
includes Design Structure Matrix (DSM), Domain Mapping Matrix (DMM) and Multi
Domain Matrix (MDM).

4.2.1. Graph approaches

Graph approaches are based on Graph Theory, which accordimgdgmannet al.
(2009, forms thebasis for systemepresentationgnd include chaacteristics such as
trees and ayles and structural attributes (e.g. connectivity and coloringiimerous
algorithmic problems are application$ graph theoryMatrix-based solutions such as
DSMsalso pertain to this area and will be addressgzhratelyn the following section.

Modern design problems can be supported with the use of vearakentationsot
improve methods ocommunication, interpretation of information and systemati¢- eva
uation (Tilstra et al. 2010¥Graph approachesayinclude matices, graphs such as d
rected graphs, diagrams and chadgresent andnalysanformation in different ways
(Lindemann et al. 2009). Different graph approaches exist to meet the right user and
environment requirements (Kohn & Lindemann 2009).

4.2.2. Matrix-based approaches

Matrix-based approachesych axQFD and HOQ, are popular and widely used applic
tions in industry. (Lindemann 2009). The purpose of mdtaged toolss to illuminate

a structure and aid in the design of products, processes and orgasis@@mmonly
matrix-based tools arassociated with DSMBrowning 2001.)t is thereforenatural to
begin with presenting DSMnd subsequeripproaches.

DSM was first introduced by Donald V. Steward in the 1960s and was known as
Design Structure System (Steward 1981; Browning 20@1)sedtermssuch asde-
pendency source matrix, dependency map, interaction matrix, and precedence matrix
all of whichlink it with DSM.Si nce St ewar do 80s,the ssea DPSMs i n
has beenncreasingly popular imany types of system and design analysiboth -
search and industrial practidg®rowning 2001.)Common areas includeroduct devke
opment, project planng, project management, system ewmgring, and organization
design (Brady 2002)

DSM is based on Mquare matrix, wherthe different dependencies of elements in
a system are represented and analysed (see figureEleBjents, or units, are listed
ideni cally in rows and columns. An AXo in
formation flow is seen between two i€l eme
nary dependency, but also numerical dependencies are used, which indicate for example
the stragth of a relationship between two elements (Lindemann 2009). The reading
direction in a matrix is from the element named at the top of the column to the element
labelled on the left of a row. For example in figur8 we can see that elementdbas-
sengercapacity specificatiobdoes not require any elements as preliminary information,
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Figure 4.8. Design Structure Matrix examp({8teward 1981)

DSMs are divided in to two different main categoridisectional matrices or static
matrices. The fundamental difference is that in the directional matrix the relations are
time-based, whereas the static matrix only captures relatiomseéetsystem elements

that exist simultaneouslguch as components in product architec{@@wning 2001)
Browning divides these categoriefuirther into four different DSM typesComponent
Based, TeanBased, ActivityBased and ParametBased (table 4.1)

Table 4.1 DSM typegBrowning 2001)

DSM Type Representation Application Integration
Analysis

Static | ComponenBased| Components in a System architecting, Clustering

or Architecture product architecture | engineering, design, etq

DSM and their relationships

TeamBased or Individuals, groups, or| Organization design,

Organisation teams in an interface management,

DSM organization and their| application of

relationships appropriate integrative
mechanisms

Time- | Activity-Based or | Activities in a process| Project scheduling, Sequencing
Based | Schedule DSM | and their inputs and | activity sequencing,

outputs

cycle time reduction,
risk reduction, etc.

ParameteBased
DSM

Parameters to
determine a design an
their relationships

Low-level process
sequencingnd

integration
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The table above indicates the diverse advantages DSM provides in different problem
areas. DSMsalso enable several analysis methods based on algacitapproaches
such as clustering and sequencing presented in the table above. Clustering in a static
matrix organises elements into clusters, where for example interfaces betwean comp
nents can be analysed. Sequencing rearranges elements such as actipesduct
development project, in to rational order reducing design iteration, and enabling activ
ties to beplanned and completesimultaneously when possible. (Browning 2001 .h-Ot
er methods of analysis are banding, partitioning and tearing. Thesepatiohmanage
elements and their dependencies, and help to simplify complex dependency structures
(Lindemann et al. 2009).

Cnam D

[> If‘> NIDA
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Consideration Consideration Computing of
of one domain of two domains various domains

Figure 49. The evolution from DSM to MDKDanilovic & Browning 2009)

A symmetrical matricesdDSMsface constraints especially when analysing ddpen
encies between different domains. Other matased approaches have evolved from
DSMs to assist in analysingependencies between multiple domains. Theskide
Domain MappingMatrix (DMM) and Multi Doman Matrix (MDM). (Lindemann et al.
2009.) Figure Allustrates the links between DSM, DMM and MDM.

DMM captures dependencies between two different domains and is an extension of
DSM. It uses the same basic principles as the RBMlcaptures binary or numeal
dependencies in a specified order of information flow. DMMs are rectangular matrices,
in which element list on the left of the rows and top of the columns represent different
domains. (DSMweb 2012.) QFD and HOQ are examples of DMMs.

Multi Domain Matix (MDM) is a combination of DSMs and DMMs. Thal-a
vantage of an MDM is that it can analyse a single domain separately as dt@8id-
bines the advantages of both DSM and DMM and can use analysis algoribmmallfr
presented matrix types.

In this thesignatrix-based approaches are used as a supportive tool to mapaand an
lyse product structure information. For product structuring it facilitatesctheisition
and interpretation process, whichsignificant when examining complex structures
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4.2.3. Example of graph & matrix-based approach

IPPD research group has developed a tool, Disposition Modelling (DiMo), which co
bines graph approaches such as DSM and directed graphs (fijQrdodmodel and
analyse dependencies, or dispositions between elements in systems involving product
development. The purpose of the tool is to facilitate the decision making process of
product and production development teamstng approaches which enabliéeetive
interpretation of information and common language (Halonen et al. 2012).

>
e I | Babasn | 5o maen

Figure 4.10. Layout of the DiMetool. (Halonen et al. 201

Information acquisition can be done by capturing all the relationships between di
ferent elements in the DSM. The order of the elements can be reorganised by using the
partitioning algorithm before information is interpreted visually using a directed graph
function.

An example of the tool being used would be a typical product devetdgnaect.

In this instance, a work breakdown structure is listed into the matrix. Next, therrelatio
ships between the activities are captured using the directed graph to validate the quality
of information and once all the relevant elements and theglimsed relationships are
inserted in to the DSM, the most optimum sequence of the activities can be organised
using the partitioning algorithm. Possible loops in the DSM indicate parallel activities,
which are needed to be done simultaneously. Informé&tton the tool can then bes#

ually presented in a variety of forms, such as Gantt charts, to schedule the project in the
given sequence.

This computer based tool is also part of the broader research area to whicé-this th
sis contributes to, aiming to bbet supportive tool for the results of this thesis in the
future research.
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4.3. Flow Model in integrated product and production
development

TakahiroFujimoto states that product development is the creation of design information
whereasproduction is the transfeof this information to products. He proposes that
product development and manufacturing should be considered as a continuous product
creation process. Furthermore, this creation process should be modelled as a flow of
knowledge.Fujimoto usesan automolle as a case study, whetee starting poinfor
creatinga new automobiles intention. This includes the understanding of what
properties a product should possess. Later on these properties guide the cremon of
knowledge and eventually leading, ificcesful, to desired properties of a product.
(Fujimoto 2007) This thinking has a lot of common with tiiéeory ofDispositions by
Olesen. The moment when product property is decided and the moment when the
behaviour emerges is called dispositional mechaflisihtonen et al. 2012)

Lauri Koskela representssimilar kind of flow thinking in hisdoctoral thesis
whereby poduct development and production is seen as a unified flow. According to
Koskelg development as a flow process includes four stages at which information is
divided into four different secti@n transformation, waiting, moving and inspection.
Transformation is seen as the otye designingwhen others are considered as waste
which should be avoide(Koskela 2000)

FLOW DESCRIPTION RESULT
Knowledge | Transformation and Documentation
move of design
information
Work Work for value Added value
increase
Material Raw materials and Added material
outsourced product
parts
Control Controlling events Management of
waiting and
inspection

Figure 4.11. Description ofthe elements in the flow mod@ttained fromLehtonen et
al. 2012)
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The IPPD esearch team dtUT has usd this flow thinking in several case studies
to reveal design rationale in decision makirdg their model the transformation
presented by Koskela is divided into four specific flgfigure 4.11) These flows are:

1. Knowledgéinformationflow

2. Work flow

3. Material flow

4. Control flow
(Lehtonen et al. 2012)

Knowledge flow represents activities in transforming and moving design
information. Documentations such &3 &odels are an outcome from this flowork
flow showsactivities that increase proddcs v Examples. of this are manufacturing
and assembly activitiesvhich add value to the produbdaterial flow includes the flow
of raw materials and outsourced product parts. Control flepvesentsactivities for
managing the timing and inspectionthvcontrol eventslt also answers the question of
who is managing and controlling the eleméhehtonen et al. 2012)

In IPPD research groupomework hasalreadybeen done in the area @bw
modelling In the following two examples of these previous works will be represented.
Firstly, a production process flow modé presenteddevebped andused in a case
study in the boat manufacturing sector. Setprath approach to depict the optimal
design and manufacturing process dchieve a desired outcome in a prctdfrom
automobile industry is presented

4.3.1. Flow Model of production process in boat manufacturing

This project wascompletedfor a Finnish boat manufacturing compaayd aimed to
develop th& production process bysing the flow model tomodel their production
process. The flow model watone in Microsoft Exceand is illustrated in figure 42.

On theright side of the figurés the breakdown of the parts in a bakto represeirtg

the different stages apecific par G@dtivities.Each activity, hence each row, includes
work, material, information and control flowd/ork flow consists of the description of
the current state of the activity, the description of desired state, working hours, number
of workers and duration time&4aterial, information and control flows in each row
include description of the current statescription of thelesired state and tlaesired
distribution of work An analysis of the costs related to each element and the value
creation propertiewere also included on the left side of the figure
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Figure 4.12. Layout of the tool for duction pocess flow modellind.eﬁtonenZOO&

This model supports the understanding of the production process and identifying
possible flaws within these four flows. It answers the questions: How do the costs
behave in the production processich activities actually add e and which are pure
expenses?

This depiction model has been also integrated into a more generalutmsal for
educational purposest TUT. The tool has been suceksly used instudent projects,
wherdoy students manage product development process of a given ceilen their
course

4.3.2. Flow Model of a combined product and process

This research projeds done in collaboration with a company that manufactures special
carsandis still an ongoingproject Work is based othe principles defined by Fujinim
and KoskelgLehtonen et al. 2012)

The model uses a Disposition Modelling tool (DiMo) as a documentation and
analysis base, wittieatures from a desigstructure matrix (DSM) (figure 8) (Halonen
et al. 2012) The combined product and process flow description modakttdethe
knowledge inDiMo. The knowledge includethe generic engineering bill of materials
(GEBOM) of a car and all the developnt phases needed before reaching the final
element in the matrix. GEBOMNd the phases are captured in the D8bferablyin
the order they are planned to be produced and assenffied this the technical
interdependencies aoellected andhe elementsire captured into four different flows
provided by the flowmodel (Lehtonen et al. 201p

The core of the modé&d documenting the maturity level of each design element.
This maturity is a combination of three aspects. The first aspdiviscomplete is the
design in the element that is under inspection, the second is how complete are the
predeessors of the inspected element #ralthird is how do the properties of design
proposal fit to the wished properti€sehtonen et al. 201pSee figure 4.3 for the
summary of maturity levels
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MATURITY OF DESIGN

Design Readiness How complete is the design?

Design Creativity How complete are predecessors?

Design Compliance How well are the properties of design
proposal within wished properties?

Figure 4.13. Maturity of designAttained fromLehtonen et al. 2012)

Duringinitial developmentonly one flow was usetb depict the maturity levelf a
product using a stage gate approaidte chosen flow was informatioa hatural and
preferredstarting point for the model, because different knowledge related docyuments
such as CAD filescould beeasilycompared to the desired properties throdghFDD
framework.The information completeness is modelled through information elements,
tasks that are needed to create the information elements and relationships thetseen
elements and task@akkanen et al. 2012)

This model is assumed to become a practical tool in the case company. The maturity
calculation instead of fixed stage gate apphpecseerasleaner more agile and
because of thesan many case®ven faster and more cost effectifleshtonen et al.

2012)

4.4. Product configuration and modularity

Presentedbelow isthe state of the art of product configurability, whiah this thesis
works as a case studyeafor the disposition modelProduct configuration will be
examined firstfollowed by modularity.

4.4.1. Product configuration

Product configuration is seen as one operational mode of cuagsmization In short,
produd configuration is to deliver products customised according to individua
requirements. (Juuti 2008 urthermore, a configurable product refers to a product from
which individual product variants can b@med; hence a product family which uses
pre-desigred elements siicas modules (Juuti 200Behtonen et al. 2003). A specified
configuration model will determine the guidelines for creating variants for a product
(Juuti 2008)see figure 4.14)
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Figure 4.14. Configurable product key concepts and their relatiGhsuti 2008)

According to Juuti product structures can be divided into four different product structure
types (Juuti & Lehtonen 2006) These areoneof-a-kind product structure, standard
product structure,configurable product structure and partly configurable product
structure(see figurel.3). Fromthese we will focus on the latttwotypes.

A configurable product structutesthe following three goals:

i Elimination of engineering design arderdelivery process with variability

1 Commonality by reuse of design

1 Product synthesis.
A configurable productstructure includes standard parts and configurable parts.
Variability comes from rausing acombination of standard parts, modular parts @nd/
module system parts.
A partly configurable product structure has the following three goals:

1 Product level synthesis

1 Commonality by reuse

1 Variability through configuration or modularisation

Partly configurable product structure includes standgaads, configurable parts,
oneof-akind parts and partly configurable parts. Therefore it is a combination of all the
other product structure types.
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4.4.2. Modularity and modular system

A number ofdifferent definitions can be found for modularitirom different periods
(Lehtonen 200} In modularity researchBor ows ki 6 s Baukastens
considered as a stargpoint for modular structures.

Karl-Heinz Borowski was the first one to define a modular systefting it as
Baukastemystem. ltconsists of standardised elements that can be joined together
following predefined rules. Borowski represents nine different sass types of
BaukastensysteniBorowski 1961 cited in Lehtonen 200Y.

In more detailBaukastensysteis defined as a system that consists of elements that
come in different sizes within the desired solution level. An element is seen as an
indivisible entity within the system. Furthermore, Borowski defiresonstructional
element asan element belomgg to a configurable system(Borowski 1961 cited in
Lehtonen 2003

Borowski ds definiti oafewoilportardaspecsthatame sy st
relevant to a modular systeaven thouglsome ofhis definitions and examples would
not qualify in todags knowedge for modular systems$viodular systers usepre
defined, standardised elements that have a considered inteHmseever in
Baukastensystem neanodules arealso acceptedinto the systemresulting in
combinations of modules and nramodules. Thus parially-configuration is also
consideredo bepart of a modular systenBorowski did not us the word module at
that time, preferringonstructional system aradnon-constructional systernto describe
the elements(Borowski 1961 cited in Lehtonen 200y

Lehtonen defines a module with the following two criterias:

1 It has a defined interface, which specifies its connection to other modules

1 It is a member of a set of elements or -sgsemblies that create a module

system
This definition is also known as ¥lodularisation, named by Lehtonefi.ehtonen et
al. 2003)

4.4.3. The Flow of Product Structuring Knowledge in Manufacturing

Dr. Tero Juuti introducesfeow model for a configurablenanufacturable producthis
model has been structured from data gathered from an interview with Juuti. Information
in this modelis based orhis experiencevorking in the Finnishmanufacturingndustry
and on his past work donat TUT since thel990s The model can be found from
Appendix 1.(Juuti 2012

In the model the wholelife-cycle of a configurable manufacturable product is
structured into a dependency grapbllowing the principles of flow model presented
earlier, he phases of produtife-cycle are then dividednto four different streams
material, information, work and controln addition the model depicts elements
belonging to the gaed value of the producind has a distinct development process for
the modules used in the configuration systéfhe model includes the following
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distinctive criteria for product structure informatioriProduct Structure Division Logic,
Modular Architectire, Interface Descriptions, Modules, and Configuration Information.
(Juuti 2012

This model will be usedh this thesisas a guideline to analyske differenes of
dispositional effects betweearpartly configurable produ@nd a configurable product

4.5. Synthesis for preliminary PLDM

The preliminaryexplanatorymodel,PLDM, is compiledfrom the information gathered
from the theory basis and state of the ane Preliminary PLDM is described from two
viewpoints First is the generalescriptionof the modelnd its elementsand secondly,
a description of implementing PLDM in practiceater, this preliminary version of the
PLDM concept iemployedn the case study.

The PLDM isa thinking model or a learning system, in which the outcome is a
design rationale to support decision making in integrated prodndtproduction
developmentand in managementDesign rationalgrovides essential knowledder
designers and managecssf t h e pr o dife-cytle andphe oetbvaat elérents
thatinfluencethe product angbroductiondevelopment. With a cyclic learning system,
similar to SSM(Checkland 1985)PLDM allows active andcontinuous improvement in
the produdd developmentby providing understanding of dispositions

In the PLDM artefat is used as a general andadostract ternfior an objecimade by
humans or an object of doinly is chosen to clarifand avoid confusions in what refers
to the general description tiie PLDM and what refers to a product in the case study
Thus, h examples and in the case stuthe term product is consistent withe term
artefact.

The PLDM is an artefacbriented apprach,in which artefact is seen as the starting
point for the cyclic continuoudevelopmenprocessT h e mod el uses Web
PDD process as a central base for the process, including all of its elehterfd.DM
also includes artefadife-cycle conext and artefact life-cycle characteristics as an
essential part of the procedsis is a significant extension to the PDD process, as the
artefactlife-cycleis seen asraimportantforce thatcontinuouslycalls forreflecion and
updating the desired aefact propertiesThe atefact life-cycle entity follows the
principles presented ilife-cycle modelling and Flow modelling in the state of the art.
Themodelis illustraed in figure 4.5.
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Figure 4.15. Preliminary @ncept for Product Lif€ycle Disposition Model.

PLDM aims to provide a framework to model and manage dispositions in the
process.Dispositions represent the inherent relationship and interaction between the
artefact ds char ac tlife-cyclescharactesistics whiein thanges arr t e f
influences to one entity directly effect and influence the othérs differs from
Ol esends (1992) di s p,oas iOkesero defings dspmsitipns &si g n
activity-based relationshipbetween two activities from different functional areas
However,in both the basif the fundamental meaning of a dispositiathat itis a
natural phenomenon aiséen to behallenging to acknowledd®gy companies

As mentionecearlier,PDD process |ays a central role in the PLDM process. The
artefact consists of artefact characteristics, whidiren talenup with environmentare
realised in artefact propertiebh r o u g h anlisiBsyrghesigprocess, the properties
are reflected to desired artefa properties. However, com
cyclic process of PDD, in this model the significant difference is the presence of artefact
life-cycle context and artefadtfe-cycle characteristics, whiclare distinguished from
the external conditonand ar e part of the prowees. A
desired artefact properties are fixedthe PLDM the desired artefact properties change
as the dispositionsccurin the productife-cycle characteristics.

In the PLDM the contextrefers tothe environment withirwhich an artefact
interactsIn this contextartefact characteristics forthe artefactlife-cycle, and theife-
cycleis seen through the information, work, material and control floresented in the
Flow model (Lehtonen etal. 2012) Artefact life-cycle characteristics are sees the
actual realisation of th&fe-cycle process, which consists of the elements of the four
flows, such as tasks and information elemeftse elements of the flow model are
relatedto differert life-cycle phasesas presented in thie-cycle modelling.

A significant element for the learniraycle is goal setting, which can be realised
a chosenDFX approach.Intention functions as a catalyst for the goal settifige
PLDMOs asynthéssy macess will be directed through the chosen DEXs
chosen according timfluences by artefactife-cycle requirementgKiritsis et al. 2003)
such as customer requirementsgulatory requirements and external requirements
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outside from the life-cycle process DFX provides scope to focus on the relevant
elementsandrelevant properties to support the decision making prod@éssspecified
goatbased analysing is also relevant when mlodgdispositionsas only few relevant
dispositions should becusedirom a great amount of dispositions.

The implementation othe PLDM in practice consists opreparatory workand
dispositions modellingsee figure 4.8). In this contextthe term prodct is used instead
of artefact, to emphas actual products that are part of the implementaRogparatory
work includes two main areas of mappingnappi ng of product os
characteristicca n d ma p p i n glifeayclegnd its cheactdrisiics For example,
brownfield products can be started from both of the areas and many companies have
already relevant raw data and knowledge to start with.
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Figure 4.16. Implementation of PLDM in practice

In this example preparatorywork is startedby mappi ng t he produc
Product 6s st irinalgiment eithAndreasemagigied ( 1996)d de mo
product structuring, from chosen points of view. Structure can fdre example
engineering bill of materials, which is a cplete list of all the components a product
consists of, or it can be a broader description of product architecture and its
characteristicsMatrix-based tools can be used to support the mapping prodéss.
criterion is that all of thechosencharacterist ¢ s are seen valwuabl
businessand contribute to the chosen target and DFX

The second area pfeparatoryworki s map pi n g life-¢yde Thewaydta ct 6 s
depict po d u dife-0ysle dependson the nature of the company. The mapping of
produ c tlifé-sycle has to adpt to organisations culture and habits, which define the
common language, organisational structures and type of the process depiction used. In
general, the produdife-cycle can be a typical ordatelivery process includingther
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life-cycle phasessuch as maintenanc necessary. Also thievel of detail haso be
decided before starting timeodellingprocess.

work information control
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| Life-cycle phase

Figure 4.17.Elements in a product lifeycle map.

Inap r o d lfe-aydeslescription life-cycle phases are divided into four flows of
Flow Model, as described by Lehtonen et al. (2012). These flows are information, work,
material and control. Activities that add value to the product are an example of work
flow. Outcomes of activities can represerdtarial or information flows. In addition to
dividing the elements to these four flo
organisationastructure that representse part othe control flow.The primary control
flow elements are controlling tasksat determine whether process gaoceedhrough
a certain point, thus checking that all of the requirements in that particular checkpoint
have been achieveBigure 4.7 illustrates these four flows in a process map. Flows are
depicted with different sybols and divided into responsible organisations. Alsohe
map differentife-cycle phases are separated.

After mapping t he Ilfxyldg actual disposison modelling r e
can be started. As a starting point, there are two distingliapproaches to model
dispositions.The first is to model from product characteristiags,which a question is
formed what kind of dispositions does this particular product characteristic affect in
some specificlife-cycle phase? The secondapproachis to start from desired
dispositions in produdife-cycle and begin by asking: whakinds of dispositions are
desired in this particuldife-cycle phase?
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Once again,hte focus and the purpose defiwbat is being modked. The starting
point can bean identified problem impr o d uldetcycke, or a requirement that is
identi fi ed lifecyolechapactaristies.cFordhss purpoa®FX approach is
an applicable solutiogiven the likeliness o clear goal systeifHepperle et al. 2011)
Modelling in this context nght have a focus on a specific DFX and sita find
understanding of different solutions throughlearning cycle. @ the other hand,
dispositions can be directly modelled analysing specific product characteristics and their
effects dfecygler oduct 6s

Finally, disposition modelling consists of the preparation stage and modelling stage.
Disposition modelling implementthe PLDM into practice and prosies a valuable
|l earning cycle for t he or giteycle Bisposdions r e
modelling camraim to answerthequestond oes a speci fic product
the desiregh r o d life-dyddeproperties?

4.6. Summary of the state of the art

This chapter has presented the relevant state of tfer &éine thesisThe presentedtate
of the art plays significant role in constructing the preliminary synthesis of the PLDM

Firstly, the area ofproductlife-cycle disposition modelling showthat there does
not yet exist an applicationthat provides adirect solution for the studyPotential
approaches do exist in modelling and managing prddaetycles, and the knowledge
and ideas of some of the applfé-cydebrieals s u:
approachcan be utilised in this study aedpeciallyin further stidies.

In general productlife-cycle modelling does not conflict with the theory basis so
far. It is clear that a produtife-cycle can be divided into different phases and actisitie
and, commorphasesan be foundeven among completely different produd®oduct
life-cycle requirements can be approached throtafgetoriented DFX. Company,
market and environmentébrces, can be simplyncludedas part of productlife-cycle
requirements.

State of the art demonsdted thatthe Flow Model, where the produdife-cycle
process is divided into four streams of information, work, material and camaobeen
already successfully applied in some industrial cases. With this reliability, this approach
can be us# as a ore element of the PLDM.
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5. CASBITUD

This case studylescribedifferences of characteristics and behaviour between partly
configurable product structures and fully configurable product structures, in a chosen
scope of productife-cycle phases It addresses the primary aim of this thesis by
answeringresearch questiahree It alsotests the preliminary PLDMyith analysis and
results drawn from it.

The case study wasarried outwith a Finnish manufacturing compaag part ofa
Tekes project in spring and summer 201Zekes is a Finnish funding agsnfor
technoloy and innovationThe projectvas conductetly comparingc 0 mp aauryeit s
partly configurable product families with a scenario of fully configurable product
families. Figure 51 illustrates the relationships between the thesis and the case study,
providing a roadmap for the working process.

COMPANY
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AFFAIRS
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PROJECT
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OF PARTLY CONFIGURABLE
AND FULLY CONFIGURABLE

PRODUCT STRUCTURES

Figure 5.1. Case study outline.

Notable is thathis case study iseparatérom the Tekesproject, but was gathered from
the data and experiencé the project. The results of the case study are for research
purposesat TUT.
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5.1. Description of the company

The case company is a smu@l medium enterpriseoperating in the Finnish
manufacturing industryThe ompary 6 s pr oduct i o nto-cadprpredoctsc h i
offering deliveries for international customers across continentsT h e compar
revenue iountedn millions.

The manufactured products degge inscaleand themajority of customersarein
the mining industry. As a projecriented company,the products are partly
configurableandinclude standard, configurable, partbpnfigurable,and oneof-a-kind
componentsThe products have a typical lifespan of8D yearsso the company also
offers services such as maintenance for its products andsifoilar kinds of
competitordéds product s.

5.1.1. Current state in the company

The company faced rapid growth in order volunessling to organisationajrowing
pains.Originally a small supplier, a traditional machine shop, this growth has been a
great challengéor the company. Even thoughvenue hasicreasedapidly, profit has
notgrownat the same pace.

Instead of profitable manufacturing, the growmgmnber of oders and volumes has
led to lessefficient production system3.he company represents a traditionaitoject
orientedcompany thatailors orderspecific products for customerk the st this
customisation was easily managed by a few highly experienced designers and the
company was on theutting edgeof the industry. However, with time and growth
significant problems have arisefor exanple, thecompanynow hiresgreat numbers of
new employeesbut does notmaintain an orientation program for the meworkers
There is no established way for the experienced workers to share or hand down their
knowledge and experiencés a result, the workindhabits in project teams vary
significantly. Also, he increag in oneof-a-kind componerd is uncatrolled resuling
in invalid, inaccurate information between the product development department and the
production department.

The current pr odutch & s c & mpoadrcniedhade sare an d
unsustaable The inconsistencyof information and communication between different
deparmentsmustbe solvedThe Tekesproject was establishead work with these and
other chdkenges. The aim was to implement fully configurable products and an
information mangement system into thisompany, and replace the addderspecific
product structures.

5.1.2. Description of the project and involvement of the researcher

The Tekesprojectbegan working withthe companyn autumn 2011 andill continue
working as thisthesis goes to press ctober 2012The project aims to implement
configuration and modularisation into tlieo mp a opgrétisnsand future product
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structuresby developinga product structure informatiohbrary, a managediatabase
which will maintainthe existingproductstructureinformation Also a PLM system is
developed to manage communication and different prolifiectycle phases across
different departmentsThis is seenas a solution for many problems the company is
currently facing.

Existing partly configurable product structures work as a starting point in
developingthe futureinformationlibrary and future produatinodules.Led by Professor
Asko Riitahuhta, aroup of researcheifsom TUT specialising indeveloping modular
productarchitectures contributieto the project by providing their experience a®sign
for configurationmethods.

The researchersvere involved in mapping and consultinthec o mpany és c u
operations The work involved a CSlworkshopto identify the c o mp a proddct
structures andany related elements such as production processes, organisational
structures and core businesses. The aimm he CSL was to develo
operations. In additionTUT researchergrovided consultatiomn the development of
the modular architectures, which will replace tiierent product structures in the future.

The authorof this research papewas involved in ordedelivery-servicesprocess
structuring and organisational structurithgring the spring and summer 2012

5.1.3. Method of data collection

Data collection involved empirical observation within the workshops and company
visits. Results were mainlgn outcome from the CSlLworkshop and interviews with
the companyersonnelAlso, informal discussionfiada role in data collection.

Information wasprimarily gatheredrom a CSL-map,to which all the information
caughtin the workshopsvassaved. Alspinformation wagecordedn the form of notes
from interviews and discussions.

5.2. Comparison of the partly configurable and fully
configurable products

This case study wagatheredrom the dataf the projectThe aithorbegan bynapping
the orderdelivery process during the project, and continued in the thgsisllecting
the missing information from otheesearchersvolved in theTekesproject.

Preparation for the case studykcludel mappi ng t he caseandpr od?l
continuedwiththema ppi ng o f life-byele whicloirdthiscasewasanorder
delivery processFollowing this, the actual disposition modelling startedingsthe
preliminary concept of PLDM as theonceptual frameworknd the Flow of Product
Structuring Knowledge in lsinufacturing(Juuti 20R) as a dispositional framework for
comparing current product structure the dispositional scenarios of a fully
configurable product structure.

The comparisors limited tothree differentife-cycle phasesandonly dispositions
in the information flowarecaptured and analysed
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5.2.1. Mapping the product structure and the product life-cycle

One of thec 0 mp amogt@@mmorproductswas chosefor the case studyMapping
the produdd sstructureinvolved listing the engineering bill of materialEEBOM),
including the list of elements, or components it consists oftaadlifferentvariables. In
figure 52, the EBOM representedn the left(highlighted in a red boxJists more than
150 components and vabées In thetop row, different customer needse listedand
the matrix represents the relationships between the product elear@htsustomer
needs. Different types of relationships are indicated with green, yellow andloenls

Figure 5.2. Matrix of Product structure engineering bill of materials and customer
needgPakkanen 2012)

Every component and variable was categorised into groagsd orwhether itwas
a standard component, a configurable componentcentracted, oan orderspecific
componen{oneof-a-kind).

The next step wasna ppi ng t hlde-cyle ovitich ént tids scase is the
pr odu c tdeliserypmoabssHigure 53 showsthe outcome of the modelled oreer
delivery process.
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In the figure, the rowsillustrated with differentcolours indicate organisations
i nvol ved i rife-tybleThe prooessincitdésstasksd information outputs,
represented withlue and whitesymbolsrespectively The aange symbolsndicatethe
reviewingof tasks, which aréhe control flow elements

Preparationssere compl et e after mapping tlfee pro
cycle Rel evant productdés characteristics i
standard, partly configurable, configurable amdlerspecific componentsRelevant
product lifecycle phases were framnderto maintenance within information, work and
control flows.

The rext phasavasmodellingthe dispositionsin this phasgthe dispositions caused
by the pr odu c,tordrere sphcdicallyordeespecife composentsdne
of-a-kind components)are analysed in three differelife-cycle phasessales, product
development and maintenanc&hese dispositions are then compared to fully
configurable product structusgenario
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5.2.2. Dispositions at the point of sale

Company sales people are the only ones involved at the point of sale. Most of the sales
people argopr oj ect | eaders that possess some Kk
have capacityto choose somf the specifications at the point sfle including
standard parts, configurable parts, sizes and loads. However, thethéaskills for

more detaiéd, orderspecific design at the point of salBigure 5.4 illustrates the
overview of the dispositions in sales

Partly configurable

product structure
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Figure 5.4. Dispositions letween product characteristiesd salesn partly
configurable product structure

A catalogue of standard parts and of some configurable gasis but there is no
product structure informatioavailable from which a desigoould bereusel. These
circumstanes result with the period of influence existing only at the point of sale, and
customers being offered whatever is necessary to complete a successful sale.

It can be concluded thath e val i dity of informayion |
on the salgs e r skmawliedge and experiencéhe currenintegrity oftheiias of f er e
process is thrown into question armdfects a growing number oforderspecific
components.

When compared with &lly configurable product structure, sales persoageha
valid product structure information souré®m where they can choose all solutions.

The product structure information sourdecludes all the informatioron standard
components and configurable components. Therghotle the configurable produdhe
saleperson is able to specify theroduct rangealready at the point sale and the
information isintegrous
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5.2.3. Dispositions in product development

I n the case of partly ©requiresogdarspaciicdesigm r od u
which can be called @erSpecific Roduct Structure (OSPS). In the companye

val i dity of i nf ocambaquesboned,ibecauSearmny offthe prablendso
can be traced to inconsistency and invalidity of informatkigure 55 illustrates te

overview of the dispositions in product development.
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Figure 5.5. Dispositions between producharacteristicsand product desigm partly
configurable product structure

In fully configurable product structure, OSPS does not exist, beeaasgthing can
be chosen fronexisting product structure infomtion This means the wholde-cycle
phase of delivery specific design can be eliminatedranthinshighly consistent with
Afas offeredo.

5.2.4. Special situations in delivery specific design

As theTekesproject aims to implement fully configurable product structures ircdise
company, a significant threat wasedictedas an obstacla the development process
for a fully functionalinformationlibrary. The danger wafreseerclearly and therefe@
included in ths thesis.

As theproduct structure informatiors maintainedover time,new OSPS may be
saved asnodules withintheinformationlibrary. This is seen a natural development and
an update for the brary however,the consequences can hikevastating if the new
design violatesny of the following: architecture, interfaces, product structure division
logic, modules or configuration information. For examplen OSPSwith the wrong
tolerances for connecting modulegetheris implementedas part of the library, the
consequence is that futuoeders may once aganequire specific desigsolutionsto
counteactviolating components.
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5.2.5. Dispositions in maintenance

The ® mp a nmahtenanceservices arean area of increased growtim the
organiation Currently the company does not maintain any database or docan@mt
system for oldproductsor deliveries. Limitednformation can be collectdaly searching
through analoge archiveshowever thigs time-consuming and laboriou€©nce found,
theinformationmay notevenbe consistent with the actual delivagiyen the possibility

of last minute changesto the order. Thidack of infomation impacts various areas,
including how services do pricindor maintenance and order spare parts. Currently
mantenance requires a complete sunadythe productn questionbefore spare parts
can be orderedigure5.6 illustrates the overview of the dispositions in maintenance.
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Figure 5.6. Dispositions between producharactersticand maintenanci partly
configurable product structure

In fully configurable product structuresmaintenance processesuse valid
information about the past deliveries and current delivariesdedicated databaSéhis
enables improved qualityf service as maintenanceémes are reduced and the exact
information ofprevious workis documented.

5.3. Analysis

As the case study was conductedapplyingthe preliminary PLDM, it wasliscovered

that the process was not completely accumt@racticeand did not reflecall the

requirenents of the real situation. Therefdhes preliminaryPLDM hasto bespecified

andreworked to fully comprehend the results and recommendations of the case study
The first finding was that the dispositions intefate and interact in two ways,

which werenot clearly indicated in the preliminary versiohthe PLDM Forexample,

the invalid information captured in the dispositiongectly af f ect e d pr o

characteristics such as quality, to which a designehawe an influence
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The £cond finding washat the PDD approachklefinedby Weber (2012)was not
adequate for the purposé the case study. What the case study showed, was that the
definition of artefact propertielsad to extend to include desired properties inlifiee
cycle In this casgthe definition ofthe properties would include both artefact properties
defined by Weber (2012) and arteftifg-cycle properties. Artefadife-cycle propeties
contribute tagoal setting improductiondevelopmentThe dispositions modelled showed
thatthe short term problems in invalid information could be affected by changing the
process. Thus, thdevelopmentgoals for improved validity of information flow in
differentlife-cycle phases are one example of these artéifaetycle properties.

In the @se studydifferent life-cycle phases were compared to a scenario in fully
configurable product structure. An bebvi o
to eliminate the use afrderspecificcomponentshoweverthis kind of changeequires
avastchangeimcompanyds oper at i thewpsr,o drdieesydlesr c e s
bef ore such a change in produdhedprocesshar a
developmentwas seen a cost effective and direct way to improve both the artefact
propertiesand artefaclife-cycle properties.

The analysis result® more comprehensive and complete proslactdthe process
development modelThe name Propeririven Development is still tenable in this
case, even though the definition is developed from thginadi Weber (2012). The
outcomeof PLDM will be presented in the results and recommendatibisis thesis.

Also, the implementation method is developed to more cldaligw the steps used in
the case study.

5.4. Summary of the case study

This studypresentedan examplecompany,operaing in the Finnish manufacturing
industry. The case study wa®ne as part offekesproject- a wider research and
consultancy projeciimed at implemening fully configurable product structuresithin
the case company.

The case study compargddbe c o mpany és c u ofrpmduting partly u at i
corfigurable productdo a scenario of fully configurable product structures. This was
done by choosi ngsnwosteommdn produgsappiagitspsauntyre)
life-cycle, andcapturing dispositions betwedoth During thecomparison a model for
configurable product structures was used toedee the dispositional effects of fully
configurabl e produclife-cycter uct ure to the pr

The study was limited ta comparison obnly three p hases |Idd-cycler od u c
andfocused on comparing the information flows between the two scenarios.

The study was successful in implementing the scenarios into the PADMI of the
elements of the PLDM were utilised andlbsitions could be demonstrated. Also, the
studysuccessfullyanswers fothe research questiongith results and recommendations
summarised in the next chapter.
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RESULTS AND RBDAOAMNDEN

The following esults and recommendations are gathered from the caseo$teidyish
manufacturing
configurable productare compared toa scenario of a fully configurable product
structureThe resultsaddresgesearch questianl, 2, and.

6.1.

Product Life-cycle Disposition Model

Question1: What kind of elements a disposition model consists of?

CONTEXT

ARTEFACT

®

form

©)

consist

ARTEFACT LIFE-CYCLE |

industrycompany wherebydispositions of an existing partly

of

CHARACTERISTICS I change
| G
W o DESIRED
A Lifecycle req. ARTEFACT
. ) PROPERTIES
realise
‘ ‘ S D join ‘ T ‘ T
F . .
o @ Ex ANALYSIS deviations —
dispositions T J{m" \—'l ‘ i ‘
[ . ACTUAL
J, l l N realise ARTEFACT
ARTEFACT G PROPERTIES X
CHARACTERISTICS chanse

SYNTHESIS

Figure 6.1.Elements and process of the PLDM.

In PLDM (figure 6.1) thePropertyDriven DevelopmentRDD) processconsists of
artefact properties defined by Weber (2012) and artéfaetycle propertieqin figure
actual propertiesAn analysissynthesis process aimsadtiecttheactualproperties
reflecting goals to desired artefact proper{®s by acting onartefact characteristi¢®)
and artefaclife-cycle characteristic$3). The ontext is the environment in which the
artefact functions and is examined through the Flow Mdaispositions are inter
relationships and interaction between artefact charsiits and the artefatife-cycle
characteristics and forancentral point in the learning cyckrtefactlife-cycle
requirementgffect the goal setting, or the catalyst of the model.
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Question2: How is a disposition model implemented in practie?

The implementation is divided into 5 steps:
Goal setting
Mapping artefact characteristics
Mapping artefaclife-cycle characteristics
Modelling dispositions
. Determining actions through analysignthesis process
The steps arsumberedn figure 6.1

Goal setting is the first step, during which the targets ofdtbpositionsstudy are
determined. This includes choosing the DFX apprdmdedon the requirements. Later
the goal settingnaybedefined or changed as relevant dispositions are realised.

Mapping artefact characteristics anadtefactlife-cycle characteristicss the next
step in the implementatiorburing the mapping processhe focus is on the DFX,
chosen during the first stepm all other waysthese steps follow closely the methods
preented in the prelimnary PLDM, of whichmore detail description can be read in
chapter 4.

Modelling dispositionsfollows the goal settingand dispositions areaptured by
answering the questions:

1 What kind of dispositions does a specific artefact attarsstics have on specific

artefactlife-cycle characteristics?
1 What kind of dispositions depecific artefactife-cycle characteristics have on
specific artefact characteristic?

Learning and acknowledging dispositions results in better understanding of the process.
This may result in redefining the original goals and tardmtfre reachinghe last step
of the implementation, required actions.

The final step is the analyssyntesis process, duringhich the actions for change
are determined. The actions can be directed to improving either the product or the
process in order to achieve the defingesired properties.

I

6.2. Results of the case study

Question 3: What is the difference between a fully configurable product family and
partly configurable product family?

This chapter providesase studyesultsfrom information flow point of view Three
life-cycle phases were compared between the two types of product faniles.
analysedife-cycle phases were sales, product developnagiat maintenance and were
selectedbecause they indicate and demonstrate dispositions ¢learlyvell as the
overallproductlife-cycle
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Partly configurable products are a mixture of standard components, partly
configurable components, configurable components artterspecific components
(oneof-a-kind). This combinationincreasedunpredictabilityin offers, since company
salesmenalways have to tailor solutions fdhe customersbhased on their own
knowledge and experiencéhe initial product structurés as a starting poirninknown
for the salesmasincethere is no systematic way ftine salesman to configure and
choose relevant components on .sitbe problem ighat the validity of information is
highly dependent on the skills, knowledge and experience of the salesperson.

Fully configurable productsan offer solutions based oexistingproduct structure
information available in an information librarywhich incudes product structure
division logic, module architecture, interface description, information of modules and
configuration information These are also called the criteria for product structure
information as presented earlier in chapter 4 Br8duct stucture informatiorprovides
detailed information onfi wh a t t and whaf las deen offered prior. The
informationis valid andthusall the solutionsand parameters can be structuredhaat
knowledge

Partly configurable products requinederspecificproductdesignand thereforean
be questioneas to whether the information what is being ordere valid. In many
cases orderspecific product structures causmvalid information in the product
structure;for examplea new orderspecific componentiolates some of the criteria in
product structure informatiomesulting in changesto configurable components and
generatingextra work In aworst casescenaricthe need for changes are seen until
the components have pa&sl product development phassusingwaste work as the
components have to be corrected or replaced with correctly designed components.

In fully configurable products orderspecific product structure is unnecessary,
therefore the wholerderspecific design phasean be eliminated from thide-cycle
processlf in theinformationlibrary product structures do not violabeeof the criteria
of product structure information information remains valid throughout the order
delivery processViolation of the informationresuls in delivery specific design, which
should beseen as dangaus threafor the development of thaformationlibrary.

Consequences are seen in futiiiee-cycles if the neworderspecificcomponent is
includedas an elemenwithin the libraryand laterviolates some of the configuration
criteria. For example, if the new design does not support the existing module
architecture, changes apdbblemsolving is required in other components to overcome
issueswith integrating modulesThese kindsof orderspecific components result in
invalid information.

Regarding maintenance services, the difference between partly and fully
configurable products isni quality of information. Asfully configurable product
information isregarded asalid, companiegproducingpartly corigurable product will
wrestle with questios regarding information availability, consistenaypd validity
Valid information in maintenancserviceshas potentiato easecosts ofserviding and
managingoroductspareparts.
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6.3. Recommendations

These recommendations are a summary of conclusions from the case study and its
results.The ecommendationsovert he t hr e e p hldescgcke ammpertapmr o d u ¢
to the curent situation of theasecompany. Theseecommendations can be generalised

to all companies producing partly configurable products

Valid information forproduct structuresypes offered to customerds achievable
when salespeople and engineers are both involved at the point.dEsgilecers hve
the ability andtools to design and make orelgrecific product structuseon the field
while at the point of saleThis encourageseuse of existing product informaticas
engineers are steeredward usingavailable nformation instead of designingder
specific components

In order to have validghformation during product developmerd product structure
blueprint(Timo Lehtonen et al. 201Fhould be generated, making the design rationale
visible. In addition, orderspecific product structures will benefit from a quality
assurancei checklist to assure the new design does not violexésting product
structure information

In order to avoid the threat ofrderspecific product structure violating the
information library the company needs to manage the product structure information.
Part of the management system, can inchui@formationlibrary where interfaces and
modules haveDs, version control, and responsible owners. Also, itffiermation
library must consist of approval process for new elementsvemeh updatingolder
elements.

Maintenance services require systematic practice to umdatemanage product
information of delivered productsThis means that lalo f t he ¢qeliveredu ct 6 ¢
elementsshould be in the same database and be easily accessible for maintenance
services. Information in the databasecontrolled with the samprinciples as inthe
product structure information library

6.4. Summary of results and recommendations

Companies should focus in actiotmatimprove validity of informationthroughout the
orderdelivery processeslhe case study indicates that smaller impnogets can be
made to improve the validity of information, but the biggest influence comes from
reducing, and then eliminating, the need for-ofie-kind components in the order
delivery process.

Consequences of invalid information are sdanproduct chaacteristics and
throughout the product lifeycle. Invalidity of information causes costs, delays, poor
quality and many other challenges in manufacturing. With the help of PLDM companies
are able taecognisaunwanted dispositions that cause invalid infation
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/7. DI SCUSSI ON

In this chapterthe significance of the research &hédlimitations are discusseas well
asrecommendations for further researdime sgnificance of the research @dscussed
in relation to itscontribution to the Finnish manufacturing industry andhe field of
Design Science

This research wasonducted in the context of the Finnish manufacturing industry
with the case stugl featuring a typical, projeatriented nanufacturing company in
Finland The case study examinea specific set of challengesurroundingpartly
configurable prod c t families, which was the ~cas
operation. Analysis revealed that the company, due to its growth and swubjec
viewpoint,lackedfull understandingf the effecttheir mode of operation was having on
theoverallbusinesand its potential effect osustained growth of the company.

Thecasestudgr ought to surface the | mpwaret anc e
and understand alsalternativemodes ofoperation andhe possibilities for inproved
change. Manufacturing businesses might nialise the need for tis knowledge
however br the case companthe improvementor their business operatiomgs seen
whencomparing their current product structure and its operations to a scenario of fully
configurable product and its operatiofi$is alsofunctionsasan educational element
for providing knowledge of product configuration and modularisatarompanies

In addition, the PLDM conceptual framewaikfundamentally designed to reveal
the subconscious relationship beteleapr oduct 6 s c hapracd lberti &sst 1
cycle This subconsciousneswas reinforced when examining the company involved
the case studyAlso, this acknowledgement is present in maxtlger companies within
Finnish manufacturing industry according to the broader experience ofPPiB
research groupob6asatTUlody of knowl edge

The PLDMis also the significant contribution Beggn Sciencesince itemphasises
the significance of a product structurebo
its foundation are theoriethat contribute toDesign Sciencesuch as Soft Systems
Thinking (Checkland 1985)Theory of Dispositions@lesen 1992) and PropgiDriven
Development (Weber 2012).

The novelty of the modebccursin three different levels of abstraction. Firstly
research introduced an explanatory model, which pictures artefact knowledge in an
interaction and interrelationship in a wider context; a system within a system. Secondly
this artefact is further detailad artefact (product) structure and the broadertext is
detailed in a Flow model. Thirdly, the product structureidentified in product
characteristics, which in this case are demonstrated with characteristics of a partly



7. DISCUSSION 71

configurable and fully configurable product. The Flow model further detail
information, material and work flows in a partly configurable and fully configurable
pr od lifedydes

The tesis provides the initial conceptual framework for PLDierefore itis
limited to the manufacturing industry aniofownfield products, in whiclavailable data
can be identified from exi slfa-cgcles. Jomeoofl uct s
the elements in the modetquiremore research and definition in the futwiacethe
scope of this research did not allow for more thorough invegiiyati these elements
For the purposes of this researche of the aremthatdo not get enough attention was
the research done in design rationates the thesis did not cover research done
specifically in this area andoes not reveal how the design rationale caredsly
exemplified. It is seenasone of the core outcomes of the PLDM model, therefore it
should tobe eylored better infuture research The other area that requsrenore
definition is the artefadife-cycle, which combines a broad area of elements under one
umbrella. It is reasonable in the future to define this area in more detail agample
all of the external influences affecting thie-cycle of an artefact are also included in
this element.

The implementation of disposition modellingaligned with the previous research
done within the TUT research group. The implementation cewnkist a CSL-
framework (Lehtonen 200@sa starting point for identifyingelevant data to the model
including product structuresand productlife-cycle processes and charactéds. CSL
providesa framework whichrefines the focusand isalsouseful inDFX modelling as
there is always a catalyst for change when modelling dispositions.

The Flow modelis alsoused as a core depiction method to identify and understand
relevant elements dahe life-cycle The thesishas provided a few examples of past
researchprojectsat TUT in which the Flow modehas been utilisedLehtonen 2012)
This is the first time thelBw modelhas beemsedto depictthe productife-cycleas a
whole In previous caseshe Flow model hasheenlimited to project management in
product development and production.

Within dispositional thinkig PLDM provides a new frameworkheredispositions
are actively utilised. According toOlesen(1992) dispositiors occurbetweenactivity
based characteristickpweverin PLDM a disposition iseen asn interaction andan
inter-relationship between artefact characteristics and artdfi@ctycle The first
definition can be identified as activity based and the latteartefact oriented.
Dispositions in both cases are subject to natural laws and appear without
acknowledging themDispositions in bothdefinitions are challenging to identify and
depict.

PropertyDriven Developmen{Weber 2012)s a key starting point in constructing
PLDM, as the artefact properties and the deviations between requirements and existing
properties direct the cyclic actiariBhe PLDM uses PDRta broader scajentroducing
P D 3 6process elements as part of dsnceptual frameworkalso taking into
considerationlife-cycle aspects.PDD is used as a base for the concept to provide
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analysis and synthesis to both, artefact characteristics actions lif@adycle
charactestics actionsOne of the fundamental differences between these two models is
that in PLDM requirements are changing and evolving because of the dispositions
happening in the system, whereas PDD does not consider changing requirements during
the process.

The limitations of the esearchhad an effect onthe final results.The ime line
limited consideringhe scope of the studyime limits did not allow for an irdepth
analysiswhichin retrospectthe area of studyould benefit from it

The research abrelied on a single case study, which means that the research is not
able to make generalised statemeRtsthermorethe case study was narrowed down to
examine three ph #fsagde inowhichorlystre digposdiahs withird s
information flow were explored. However, the case study was expected to function only
as an initial demonstration of the research areas and in this contaxcegededn
providing an interesting and practical sago.

Case studieare seen as the next phase within the broader research .poject
studiesshouldexamine all of the efaents of theFlow model This would involve the
four flows of work, information, material and contréd be depicted and analysed
during the mapping process of product development, and during the disposition
modelling phaseAlso case studies should provide a wide variety of examples across the
manufacturing industryThis way the case study covers all of the potential of the
conceptial frameavork.

The research was also limited by external circumstances, which involved the
changing direction of the research. This affected the ability to address the entire scope
of the research andtimatelychanged the final focus of the thesis.

The research process was conducted usihg Finnish language, which
linguistically differs significantly from EnglishWriting the research paper in English
has brought up limitations within research gess. Finding the exact terms and
definitions in English that accurately mirror the original Finnish technical and
conceptual language used as part of this study ihastrospectbeena significant
challenge.
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8. CONCLUSI ON

This thesishas describeddifferences of characteristics and behaviour between partly
configurable product structures and fully configurable product structurdisrealife-
cycle phases.By doing so started a conversation dhfallengesfaced by partly
configurable product famile in the Finnish manufacturing industryhe research
processwas done by developing a Productfd-cycle Disposition Mode(PLDM), a
conceptual frameworkwhich wasthen implemented in a case study with a Finnish
manufacturerThe results of thease stug showedproblems that a partly configurable
product structure faces in comparison to fully configurable product structure wighin
products life-cycles. Finally, recommendatiorier actions in the companyere drawn
from the comparison.

Theory basis ahstate ofthe art provided a starting point for developinipe PLDM
framework. Influertial theories for PLDM were Soft Systems Thinkiragnd theories
within Design ScienceThe influenceswithin the state of the art in structuring PLDM
were productlife-cycle modelling andFlow model.One of theresuls wasto structure
the initial elements of the model, whickas tested through the case studihe
implementation methofibllowed the principles of the preliminaBLDM.

The casestudy involved examinig one ofac o mpany 0 sby piewngl i1 c t s
through the PLDM conceptual framewoikae preparatorywork consisted omapping
the relevant characteristics of the partly configurable prod\fttr this,t he pr oduc
orderdelivery process was mapped withet principles of theFlow model. This
represented the lifeacpceiDnggpofsi prodscbé@s weer
character i st ilfe-sycleavarel mogellea dvithm tthéeéfe-cycle phases
salesproduct development and maintenantiledispositions were then compared with
a scenario of fully configurable product§he scenariavasbased on the mapf The
Flow of Product Structuring Knowledge in Manufactur{dguti 2012) The resultsand
recommendations were dravitom the data anc retrospedve analysis of the case
study.

From the analysis of the case stuthe final version for PLDM was constructed. It
resemblesmore the practical situatiorppliedin the case study. Comparedth the
initial PLDM structured from the literatur@view, the final version was broadened to
also include the produdife-cycle actions within the analysis and synthesis process.
This way thePLDM changed from focusphonpr oduct 6s techni cal
behaviour to alsancludeap r o d Uife-tydespropertiesand consideringactons in
changing productlife-cycle characteristics according tohanging requirementsin
context
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The final modelwas based onthe hypothesis thatproduct structure and its
characteristicshave interactios and an interrelatonship with a product life-cycled s
characteristicsThese relationships are called dispositiamsl are subject to natural
laws, so they happen purposefully wraware They dso occurin both directionsas
opposed tathe preliminaryPLDM, which only considered disposition from product
structure to produciife-cycle, so productstructure affects theroductlife-cycle and
life-cycleaffects the produdttructure.

The case study also clarified the analysis and synthesis process of PLEBM. Th
actions in changing product 6 sasadeguatd ifhec a |
case study indicated that instead of changing product characternstiosmmmendations
should be drawn to produdife-cycle characteristicsfor examplefor the prodution
process. This way the PLDM model contributes to the integrated product and
production system.

The orderspecific product structure in partly configurable product demands more
working stagesecause of the oraf-a-kind componentsand the analysed information
flow indicated that the invalid information of the partly configurable prodtratctureis
subject to manynnecessary problems during the prodifetcycle In the case study
the comparisorof the fully configurable producscenariowas seen to bea good
direction to develophec o mpany 6s pr oduct ,buaany dctiores$r an d
improving the validity of information during the ordéelivery within existing
operations were seen ef fcenspetitivenressway t o 1 mj

The case study confirmed the PLDM and its possibilities in modelling dispositions
and using it as aonceptual frameworkor helping the design reasoig. The PLDM
has the potential to describe the design ratioraflea product,as long as the
interpretation issupported with adequate software and description methods such as
diagrams and graph3.he novelty of the research comes from combining both the
artefact knowledge and artefdife-cycle knowledge in a broader conteXthe PLDM
is seen as a platform to which a support toolld be developedyhere integrated
product andproductiondevelopment can be condadtusing a chosen DFX approach.
The development then can be directed to reduce unnecessary work phases, and the
produd and the process deloped to a leaner environment.
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APPENDIX 1: THE FLOW OF PRODUCT STRUCTURING
KNOWLEDGE IN MANUFACTURING

OUTLINE:
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